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Preface

For over half a century the United States has maintained
a stockpile of chemical weapons and bulk agent at Army
depots distributed around the country. This stockpile con-
tained approximately 30,000 tons of chemical nerve agents
GB and VX, and several forms of mustard agent. These
agents were contained in about 3 million munitions of vari-
ous types as well as in bulk storage containers.

The U.S. Army has been engaged in destroying this
stockpile since 1986. On July 1, 2010, the U.S. Army’s
Chemical Materials Agency (CMA) announced that 75
percent of the nation’s stockpile had been destroyed.
This work has taken place at nine chemical agent
destruction facilities. Five of these used incineration
technology. The first of these, the Johnston Atoll Chem-
ical Agent Disposal System, completed its mission in
2000. It was subsequently closed and dismantled. The
other four incineration-based chemical agent destruc-
tion facilities and a related testing facility will be finish-
ing their missions in the next two years, and prepara-
tions are being made for the start of closure operations.
An examination of the means for properly planning for
the safe and efficient closure of these facilities is the
subject of this study, and it is the charge given to the
committee by the director of the CMA. The statement
of task is shown in Chapter 1 on pages 7 and 8.

The first of the remaining four facilities to proceed
with agent disposal, the Tooele Chemical Agent Dis-
posal Facility (Utah), began operations in 1996, fol-
lowed by chemical agent disposal facilities in Anniston,
Alabama, in 2003; Umatilla, Oregon, in 2004; and Pine
Bluff, Arkansas, in 2005. This study evaluates the clo-
sure planning and makes recommendations regarding
closure activities.

Vil

As the chair of the committee, I wish to express my
appreciation to my fellow committee members for their
contributions to the preparation of this report, which
included interviewing CMA and contractor staff and
stakeholders, visiting sites, and collecting and analyz-
ing scores of planning documents in a short time. Every
member of the committee made significant contribu-
tions to the writing of the report.

The committee in turn is grateful to the many CMA
staff members and the prime contractor, the URS Cor-
poration, for making themselves readily available, for
their extensive efforts to ensure that data were avail-
able in a clear format, and for ensuring that all of the
committee’s questions were answered. All this was
done in spite of their many other duties. The committee
also greatly appreciates the assistance of the NRC staff
who assisted in the fact-finding activities, carried on
significant research in support of the report, and were
instrumental in the production of the report.

The Board on Army Science and Technology (BAST)
members listed on page vi were not asked to endorse
the committee’s conclusions or recommendations, nor
did they review the final draft of this report before
its release, although board members with appropriate
expertise may be nominated to serve as formal mem-
bers of the study committees or as report reviewers.

Peter B. Lederman, Ph.D., Chair
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Summary

This report responds to a request by the director of the
U.S. Army Chemical Materials Agency (CMA) for the
National Research Council to examine and evaluate the
ongoing planning for closure of the four currently opera-
tional baseline incineration chemical agent disposal
facilities and the closure of a related testing facility. The
report evaluates the closure planning process as well as
some aspects of closure operations that are taking place
while the facilities are still disposing of agent. These
facilities are located in Anniston, Alabama; Pine Bluff,
Arkansas; Tooele, Utah; and Umatilla, Oregon. They are
designated by the acronyms ANCDF, PBCDF, TOCDF,
and UMCDYF, respectively. Although the facilities all use
the same technology and are in many ways identical,
each has a particular set of challenges.

Initially, the Committee to Review and Assess Clo-
sure Plans for the Tooele Chemical Agent Disposal
Facility and the Chemical Agent Munitions Disposal
System was requested to use the programmatic closure
plan developed for the TOCDF as the basis of this
study. When the CMA first commissioned this study,
the TOCDF was expected to be the first of the four
facilities to close. However, the anticipated order of
closure has since changed based on when each facility
is now expected to complete agent disposal opera-
tions. At the present time, it is expected that PBCDF
will close first, with UMCDF, ANCDF, and TOCDF to
follow. It became clear both to the committee and the
Army that it would be advisable to examine planning
for all four facilities and the pilot testing facility near
the TOCDF known as the Chemical Agent Munitions
Disposal System (CAMDS).

The committee prepared an initial letter report that
looked at overall closure planning as well as closure
operations in progress at CAMDS. This was followed
by several committee meetings to gather information
and evaluate how closure planning for each of the
facilities had progressed. Meetings by subgroups of
the committee were also held with contractor person-
nel responsible for data resources relevant to closure
such as the “lessons learned” program. A subgroup of
the committee attended a coordination meeting of the
closure managers from each facility.

The committee found that closure planning is pro-
gressing under the competent leadership of the closure
managers and that the facilities were sharing informa-
tion and experiences with each other. However, each
facility was found to be developing closure plans
independently of the other facilities but within the
broad guidance provided by the CMA program office
and using, as appropriate, the experience of the other
three facilities. Information is also being used in the
planning process that was gained from the previous
closure of a baseline incineration facility on Johnston
Island in the Pacific Ocean near Hawaii, the Johnston
Atoll Chemical Agent Disposal System (JACADS),
and the more recent closures of two chemical agent
disposal facilities that used chemical neutralization
(hydrolysis) to destroy bulk mustard agent and VX
nerve agent—the Aberdeen Chemical Agent Dis-
posal Facility (ABCDF) in Maryland, and the New-
port Chemical Agent Disposal Facility (NECDF) in
Indiana. In its evaluation, the committee found that
there appeared to be only limited coordination and

Copyright © National Academy of Sciences. All rights reserved.
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2 REVIEW OF CLOSURE PLANS FOR THE BASELINE INCINERATION CHEMICAL AGENT DISPOSAL FACILITIES

policy guidance from the senior CMA and contractor
leadership. An exception is a CMA document, “Stra-
tegic Plan Fiscal Years 2010-2015,” that defines the
goals of having safe closures while minimizing cost
and schedule (CMA, 2009). In order to achieve this
goal, the CMA document encourages the use of mass
demolition wherever possible. As discussed below, the
committee agrees that these are appropriate goals, but
it believes that additional policy guidance from CMA
in key areas is required.

Finding 2-1. The closure managers and their teams
appear to be highly competent and to coordinate their
needs and approaches well through frequent contacts
and meetings. Each site is taking its own approach to the
planning activities because of differing end use, facil-
ity, and regulatory situations. There does not appear to
be sufficient senior policy guidance in key issues such
as the critical unventilated monitoring test.

Recommendation 2-1. Senior Chemical Materials
Agency management should provide policy guidance
for closure in critical areas such as the unventilated
monitoring test to ensure that these critical activities
are planned and executed in a uniform manner across
all facilities.

The committee expended significant effort to evalu-
ate the various regulatory and stakeholder challenges
pertaining to closure at each of the facilities. While
many of the requirements are common to all four sites,
there are significant differences in both the intended end
use of each site and the permit and regulatory require-
ments to which each site is subject. Thus, each facility
will have to develop its own particular plan to meet
these varying challenges. Nevertheless, the overriding
principle of achieving a safe closure that meets the cri-
teria necessary for the eventual end use does not really
change from site to site. Closure is an entirely different
type of operation from the agent disposal operations
that have been carried out for much of the past decade
and with which the staff is comfortable. Closure and
demolition will require workers having different skills
in addition to those residing in the current operations
staff. In order to have a safe operation, both groups will
have to be knowledgeable in their particular operations,
especially with regard to the safety challenges involved.
Closure activities will occur over a much shorter dura-
tion than will disposal operations. In order to achieve
the goals of a safe closure while minimizing cost and

schedule, it will be necessary for managers to set goals
for a number of new management parameters and to use
leading indicators to become aware of potential prob-
lems before they actually happen. The committee has
provided a number of suggested parameters and metrics
for the Army to consider that could help it to achieve its
stated goals for the closure of these facilities.

Finding 3-2. Tracking and reporting parameters and
metrics will facilitate the safe and successful manage-
ment of the closure of the Army’s baseline incineration
chemical agent disposal facilities.

Recommendation 3-2a. At a minimum, the Army
should track parameters and metrics used for disposal
facility closure at two levels: the program level and the
project level. Thereafter, it should determine whether
additional parameters and metrics are required.

Recommendation 3-2b. The Army should ensure that
appropriate and timely management reports are devel-
oped that enable tracking results for parameters and
metrics to be used to make management decisions and
take necessary actions.

The Army, through its systems contractor, has devel-
oped an improved lessons learned program. This is
available to all staff, both those at CMA headquarters
and those at the facilities. Unfortunately, not all the
lessons learned applicable to closure are in searchable
form. This is particularly true of some of the lessons
learned during the JACADS closure. It also seems that
while there is prompt verbal communication and coor-
dination of lessons learned concerning agent disposal
operations, this may not be as true for those involving
closure. It is therefore important that lessons learned
relevant to closure be promptly entered into the system
and be adequately highlighted to bring them to the
attention of the working staff.

The Army contractor for both disposal operations
and closure administers an electronic database, the
“eRoom,” that is a repository for plans, drawings, and
reports. Access to this database is limited in that it must
be requested, and a person’s access is terminated if he
or she has not used the database in 60 days. The com-
mittee recognizes the sensitivity of providing access
to this corporate database, yet it believes arrangements
should be made to make access easier for a broader
group of staff members.
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Finding 4-2. Lessons learned over the course of conduct-
ing closure operations at chemical agent disposal facili-
ties will be helpful to completing without incident future
closure activities within the chemical stockpile disposal
program, and they will minimize costs by reducing the
time and effort needed for learning curves and training.

Recommendation 4-2. The Army should continue to
support the closure lessons learned processes and to
encourage the prime contractor for closure operations
to strengthen the timeliness and manner in which the
lessons learned are shared. In this regard, it is important
that all contractors on-site have access to or knowledge
of the lessons learned applicable to their specific site
activities.

Finding 4-6. The eRoom is a very powerful informa-
tion sharing and management tool, both for developing
new documents and for allowing users to find informa-
tion that is pertinent to a particular issue or problem.

Recommendation 4-6a. The committee strongly sup-
ports the concept of the eRoom and encourages its use
as often as possible.

Recommendation 4-6b. The committee suggests that
the Army and its contractor examine current eRoom
usage and, if appropriate, develop procedures to
increase its usage, including the development of new
documents and determining who should have access
during closure and dismantling activities.

The restrictive practices that state regulatory agen-
cies have used to address agent disposal operations
at the baseline stockpile facilities were developed as
operations began to destroy the chemical agents. Dur-
ing closure, in contrast with disposal operations, there
will not be any significant amount of agent present, and
there will be no munitions. Potential minimal amounts
of agent can remain in occluded spaces or, even less
likely, in pockets on floors and walls. Thus, the risks
to human health and the environment from agent and
munitions will be significantly reduced during closure
from those that existed during disposal processing.
This difference in risk represents a fundamental change
from disposal operations to closure operations. It
should provide the basis for considering less restrictive
practices.

Review of Closure Plans for the Baseline Incineration Chemical Agent Disposal Facilities

Finding 5-1. The risk of exposure to chemical agents
during closure operations is expected to be significantly
lower than what potentially could be encountered
during agent disposal operations. The regulatory stan-
dards and practices used by some states for controlling
agent-contaminated materials were developed early
in the program, when there was little experience with
managing the risks of materials exposed to agent.
These practices and regulations may be more restrictive
than necessary considering the nature of the closure
operations.

Recommendation 5-1. The Army should evaluate
the reduced risk of exposure to chemical agents and
their degradation products from closure operations
and waste materials in view of restrictive regulatory
practices. It should also consider negotiating with the
regulatory community to obtain less restrictive, but still
safe, regulatory practices that allow for more efficient
closure operations.

The Army, in setting overall goals for the program
for facilities’ closure, has opted to use mass demolition
wherever possible. This depends on ensuring that all the
spaces to be demolished are safe and essentially agent
free, as determined by meeting agent clearance levels
that provide for an environment that is safe for workers
and the public. Two protocols are essential for mass
demolition to be used successfully: first, the occluded
space survey, followed by, second, the unventilated
monitoring test (both discussed more fully in Chapter
6). Mass demolition, which enables the use of mechani-
cal deconstruction using conventional construction
equipment to remove structures and minimizes human
actions required for deconstruction, should not take
place until management is assured that these tasks
have been accomplished properly and successfully.
The committee examined both of these protocols and
believes that they should be uniformly applied at every
site. Further, the committee believes that a second sur-
vey should be done to verify the results of the first. In
addition to uniformly applying the occluded space sur-
vey and unventilated monitoring test protocols at every
site, the committee believes that guidance from senior
CMA and site leadership to ensure that these protocols
and steps are carried out very carefully is warranted to
ensure safe operations.
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Finding 6-1. The occluded space survey is a key compo-
nent of the overall monitoring strategy for closure, and it
requires occluded space survey teams with a high level of
expertise and significant training for proper execution.

Recommendation 6-1. Occluded space survey proto-
col should be standardized across the entire enterprise,
and training should be strengthened, standardized
across the program, and continually updated.

Finding 6-4. Unventilated monitoring testing—con-
ducted in sequence with site exposure and spill his-
tories, ventilated monitoring, and occluded space
surveys—is appropriately designed to ensure protec-
tion of workers and the general population from agent
exposure via airborne pathways. It is the final “critical
step” in clearing a site for mass demolition.

Recommendation 6-4a. The Army should ensure
both that the unventilated monitoring testing (UMT)
protocol is uniform throughout the enterprise and
that the information gained by the UMT sequence
is aggressively communicated to subsequent closure
sites.

Recommendation 6-4b. Locations of prior exposures
and spills should be compared with the results of the
unventilated monitoring testing (UMT) measurements.
Correlation (or not) of past exposure events with
UMT release rates could provide valuable insight into
residual contamination, effectiveness of occluded space
surveys, and UMT efficacy.
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Introduction

The disposal of the chemical weapons stockpile
has been a major undertaking of the Army under a
1985 mandate from Congress (Public Law 99-145).
This stockpile contained approximately 30,000 tons of
chemical nerve agents GB or VX, and several forms of
mustard agent. These agents were contained in about 3
million munitions of various types, as well as in bulk
storage containers.

There were nine chemical stockpile storage sites at
the start of the program. Eight were located in the con-
tinental United States and one was on Johnston Atoll
in the Pacific Ocean southwest of Hawaii. By Act of
Congress, no stockpile was to be relocated (Public Law
103-337). Consequently, nine chemical agent disposal
facilities were to be built contiguous to the stockpile
storage sites. The locations, types, and percentage of
stockpiled agent, and the range of munitions and con-
tainers that were stored at each of these stockpile sites,
are shown in Figure 1-1.

Since 1984, the National Research Council (NRC)
has provided scientific and technical guidance to the
Army on important aspects of the stockpile disposal
plans and programs with an overarching goal of safe
and expeditious implementation of stockpile destruc-
tion. This guidance has taken the form of approximately
50 reports to date.

Initially, incineration (combustion) was selected
as the destruction process of choice. But in the early
1990s, Congress required the Army to evaluate alter-
native, noncombustion technologies and utilize them
if they were as safe and cost-effective as incineration
(Public Law 102-484). At that time, all but four of the

disposal facilities were either constructed or in design,
with one facility, the Johnston Atoll Chemical Agent
Disposal System (JACADS), in operation.!

Two basic processes are used in the disposal program:
incineration and chemical neutralization. Five facilities
employed incineration: Johnston Atoll Chemical Agent
Disposal System (JACADS), Tooele (Utah) Chemical
Agent Disposal Facility (TOCDF), Anniston (Alabama)
Chemical Agent Disposal Facility (ANCDF), Umatilla
(Oregon) Chemical Agent Disposal Facility (UMCDF),
and Pine Bluff (Arkansas) Chemical Agent Disposal
Facility (PBCDF). These all had a mix of agent and
weapons in the related stockpile. The two storage
sites at Newport Chemical Depot (Indiana), and at the
Edgewood Chemical Activity at the Aberdeen Proving
Ground, Maryland, stored nerve agent VX and mustard
agent, respectively. The agent was stored only in bulk
ton containers at these sites. The disposal facilities con-
structed at these two sites—namely, the Newport Chemi-
cal Agent Disposal Facility (NECDF) and the Aberdeen
Chemical Agent Disposal Facility (ABCDF)—used
chemical neutralization. The final two facilities, at
Pueblo (Colorado) and Blue Grass (Kentucky), are under
design and construction. To destroy the agent and meet
the international Chemical Weapons Convention treaty
requirement for complete destruction of the agent and
first-stage degradation products, neutralization followed

The Johnston Atoll Chemical Agent Disposal System (JACADS),
the U.S. Army’s first full-scale chemical weapons disposal facility,
completed its mission in 2000. Available online at http://www.cma.
army.mil/johnston.aspx.
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FIGURE 1-1 Location and original size (percentage of original chemical agent stockpile) of eight continental U.S. storage

sites. SOURCE: OTA, 1992.

by biodegradation will be used in the case of Pueblo, and
neutralization followed by supercritical water oxidation
in the case of Blue Grass.

FACILITIES COVERED IN THIS REPORT

This report focuses on the four incineration or “base-
line” facilities that are operating, as well as the Chemi-
cal Agent Munitions Disposal System (CAMDS).
Located at Deseret Chemical Depot (DCD) in Utah,
CAMDS was a pilot facility for testing destruction
processes and equipment. Not included in the study are
ABCDF and the NECDF. These relatively small facili-
ties have both completed their mission and have already
been dismantled. Regulatory closure of ABCDF and
NECDF has been completed. The destruction facilities
for the Pueblo, Colorado, and Blue Grass, Kentucky,
sites will be full-scale pilot plants. Their facility and
process designs are completed, and the facilities are
currently under construction under the auspices of
a separate DoD program, the Assembled Chemical
Weapons Alternatives (ACWA) program. These facili-
ties likewise are not addressed in this study.

The four baseline incineration facilities in the con-
tinental United States—TOCDF, ANCDF, UMCDF,
and PBCDF—are nearing the end of their missions.
They will then go into closure operations in order to
prepare the facility sites for future use. This report
addresses the issues and challenges that should be
focused on during the planning and the conducting
of closure operations for these facilities. The TOCDF
was the first of these facilities to begin agent disposal
operations in August 1996. At the time this study was
initiated, it was thought that it would be the first of
these facilities to close. The Army initially intended to
use the closure plans for TOCDF as the programmatic
closure plans and the basis for closure plans for the
other three facilities. That no longer appears to be the
case. It appears now that PBCDF will be the first of the
four facilities to undergo closure, with ANCDF most
likely to be the second facility closed. The committee
with the concurrence of the Army’s Chemical Materi-
als Agency (CMA), therefore, examined the available
information for all four baseline facilities and CAMDS
and discussed closure plans with representatives from
each of these facilities.
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Whereas each facility has unique characteristics and
issues, many of the issues and challenges for closure
will be the same for all of them.? Thus, this report
addresses the general challenges while also considering
the specific issues related to each facility. Throughout
this report, CAMDS is addressed as part of the baseline
group of facilities.

The CAMDS facility, a research and development
pilot facility colocated with TOCDF at the Deseret
Chemical Depot, has been undergoing closure opera-
tions for some time. Closure operations at CAMDS
were initially undertaken under a separate contract that
has been terminated. Responsibility for the closure of
CAMDS and the requisite operations transferred to
the operating contractor for TOCDF. The Committee
to Review and Assess Closure Plans for the Tooele
Chemical Agent Disposal Facility and the Chemical
Agent Munitions Disposal System (CMA Closure
Committee) previously addressed the CAMDS clo-
sure (see Appendix A for this committee’s initial letter
report). In this current report, CAMDS is considered a
part of TOCDF.

JACADS CLOSURE

CMA currently provides managerial leadership and
oversight of the chemical stockpile disposal activities.
A predecessor organization of the CMA, the Program
Manager for Chemical Demilitarization (PMCD), had
requested the NRC to undertake a study of the closure
of JACADS. This request culminated in the issuance
of the report Closure and Johnston Atoll Chemical
Agent Disposal System (NRC, 2002). That study was
undertaken before any closure activities were begun
at JACADS. It examined the planning for closure and
closure operations from late 1999 through early 2001.
The report reviewed planning but did not review or
assess actual demolition activities because no such
activities had been undertaken before the report was
finalized.

The JACADS report provided the Army with 19
recommendations to help in closure planning and

2Depending on the particular site, the planning for closure of the
chemical agent disposal facilities that are the subject of this report
is designed to achieve Resource Conservation and Recovery Act
(RCRA) clean closure to either industrial or residential standards.
The facility closure process includes management of waste gener-
ated during processing operations as well as management of surplus
buildings and equipment.
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operations. These covered decision making and proj-
ect planning, personnel retention, acquisition strategy
and procurement, cost control, monitoring, security,
safety, and public involvement (NRC, 2002). The CMA
Closure Committee has reviewed the report for appli-
cability to the closure of the other baseline incineration
facilities, and it has included these considerations in the
development of and recommendations in this report to
the extent that this information is applicable to the cur-
rent facilities’ closure situations The 19 recommenda-
tions are still applicable. The lessons learned as a result
of the JACADS closure operations are of equal import
and provide valuable insights that are incorporated in
this report and are being incorporated into the Army’s
closure planning activities.

COMMITTEE LETTER REPORT

A team of the committee undertook a preliminary
evaluation of the program closure planning for the
facilities using TOCDF and CAMDS closure planning
documents and presentations from October to Decem-
ber 2009. The report of that evaluation (Appendix A)
provided a set of key parameters for successful closure
against which development and subsequent execution
of closure plans can be evaluated. These parameters are
part of the basis of the present report, which examines
the closure planning process and configurations for
each of the four baseline incineration chemical agent
disposal facilities. The preliminary report addresses
the CAMDS closure, which is ongoing. The findings
of the preliminary report are incorporated into the cur-
rent full report.

STATEMENT OF TASK

The CMA Closure Committee was given the follow-
ing statement of task:

The NRC will form a committee to provide two reports. The
first is an interim report assessing the following:

* Examine the current closure plans for TOCDF and
CAMDS and make recommendations as required.

* Recommend key parameters to assess an integrated ap-
proach to common closure requirements.

» Assess planning for compliance with unique regulatory
requirements of the State of Utah towards closure of the
two chemical disposal facilities.

Following the issuance of the interim TOCDF-CAMDS
closure report, the National Research Council will issue a
comprehensive report as follows:
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» Update the 2002 NRC report Closure and Johnston Atoll
Chemical Agent Disposal System, as required.

« Using the key parameters to assess an integrated approach
to common closure requirements (as recommended in
the interim TOCDF-CAMDS closure report), determine
applicable lessons learned from the closure of JACADS,
ABCDF, and the ongoing closure of NECDF for potential
use during incineration facility closure.

As described previously, at the time the committee
commenced its study activities, it became apparent to
the members, and was acknowledged by CMA, that
closure planning for TOCDF—and to a lesser extent
CAMDS—had not evolved to a point that would allow for
detailed evaluation of those plans either for those facilities
or as models for the other sites. Therefore, the committee
examined closure documents that were available from all
four incineration facilities as well as applicable documents
from ABCDF and NECDEF. As a result, the committee’s
focus, with the concurrence of the CMA Program Man-
ager, considered each of the four facilities, particularly
those that would be closing before TOCDF.

THE COMMITTEE’S APPROACH

The committee focused its attention primarily on the
approach to closure planning by the Army and, where
available, on the closure plans for those chemical agent
disposal facilities that were currently expected to be
the first to close and whose closure planning was the
furthest evolved. These are PBCDF and ANCDEFE. At
the time this report was prepared, it was anticipated
that PBCDF would be the first facility to begin closure
operations, followed by ANCDF and then, depend-
ing on the situation at the time, by either UMCDF or
TOCDEF. A summary of available and planned closure
documents for the facilities is found in Chapter 2.

STRUCTURE OF THE REPORT

This chapter summarizes the history of the Army’s
chemical stockpile disposal program and chemical
agent disposal facilities. The first full-scale facility,
JACADS, operated from 1986 until its closure in 2001.
Four second-generation facilities—TOCDF, ANCDF,
UMCDEF, and PBCDF, constructed from 1989 through
2005—are in various states of preparation for closure
in the 2013-2015 time frame.

In Chapter 2, the committee examines the overall
closure planning for the four baseline incineration
chemical agent disposal facilities, including facility

decommissioning and closure objectives, regulatory
drivers, and expectations for future use. A brief discus-
sion of the status of the planning for each of the four
facilities is also presented, as is a summary of the avail-
able and planned closure documents for each facility.
It should be noted here that, as is discussed in more
detail throughout the report, all four facilities present
different challenges because the closure goals are in
some ways different for each facility.

In Chapter 3, the committee identifies a series of key
parameters along with associated metrics for overall
management of the current and upcoming closures.
These parameters and metrics are differentiated into
program- and project-level considerations and activi-
ties. It is left to the Army and its contractors to develop
a similar set of parameters and metrics applicable to
work at the task level. The relevance of using leading
indicators is discussed in view of the transition from
disposal operations to the new types of activities being
undertaken as deconstruction becomes the central
activity.

Chapter 4 examines the Army’s lessons learned
process as it pertains to closure operations. The chapter
also discusses the Army’s use of a more recent but key
management tool, the eRoom. The lessons learned pro-
gram has, by the nature of activities to date, emphasized
operations and must for the next several years place
equal emphasis on closure planning and eventually clo-
sure execution. The contractor-operated eRoom is an
invaluable tool for viewing and obtaining detailed plans
and documents. Provided that accessibility is properly
structured, it can be a valuable aid in the closure plan-
ning process as well as being a useful tool for reviewing
similar documents for consistency between sites.

Chapter 5 examines regulatory issues and constraints
including general and site-specific Resource Conserva-
tion and Recovery Act (RCRA) closure requirements,
programmatic constraints, and installation-specific
constraints. These constraints are often facility specific
and if not properly managed can be very time-consum-
ing and costly.

Chapter 6 examines the monitoring and analytical
challenges that will be new and different from those
experienced during the disposal operations phase of
the facility. The role of the usual RCRA extractive
analysis testing of waste and the difficulty in using that
traditional methodology is discussed. The use of vapor
screening as a monitoring tool that will be protective of
workers and the general public while allowing for effi-
cient deconstruction, or mass demolition, is evaluated
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in detail. The committee concerned itself primarily with
the waste materials that have been or could have been in
contact with agent during the life of the facility. Material
not in those categories is discussed in an earlier report
on secondary waste (NRC, 2008). Waste of a general
industrial or commercial nature can be managed as
such waste materials are routinely handled. Therefore,
the committee considered that it could not contribute
additional advice regarding their management.

Throughout the report, findings and recommenda-
tions follow the relevant discussion.
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Overall Closure Planning for Baseline Facilities

BACKGROUND

Successful closure of the baseline chemical agent
disposal facilities will require programmatic, facility-
specific, and task-level planning. At the program level,
the U.S. Army’s Chemical Materials Agency (CMA)
management staff has articulated certain expectations
it has of each site preparing to undergo site closure
through its Strategic Plan for 2010 to 2015 and other
CMA policy guidance (CMA, 2009). Closure planning
by each of the four chemical agent disposal facilities
must integrate these expectations while addressing the
unique or specific processes and circumstances that
exist at each site.

Plans for all four of the baseline facilities must
address the safety of workers and the community and
the requirements of applicable regulations. In addition,
they must include, at a minimum, the following plan-
ning elements:

1. Anoverall site-specific closure plan that describes,
at a high level, the closure strategy for the site,
consistent with any articulated CMA direction;

2. A decommissioning plan that describes the pro-
cess to take the facility, including units and equip-
ment out of service;

3. A decontamination plan that addresses how haz-
ardous substances (both agent and non-agent) will
be removed or destroyed prior to demolition and
subsequent management of waste/material; and

4. A demolition plan that describes the approach to
removing equipment and razing structures.

10

The committee asked the Army to provide the status
of planning for each of the above key elements and
several other associated facility-specific planning ele-
ments, shown in Column 1 of Table 2-1, for each base-
line facility. The Army’s response is provided in Col-
umns 2 through 6 of Table 2-1. Planning components
completed as of June 16, 2010, when the committee
ceased gathering information, are indicated in Table 2-
2. As shown, each of the facilities is in a different state
of closure planning. Site-specific closure planning is
most advanced at the Pine Bluff facility, followed by the
Umatilla, Anniston, and Tooele facilities, respectively.
Relevant to the statement of task, most of the planning
components in Tables 2-1 and 2-2 were not yet devel-
oped for the Tooele facility by this date.

PROGRAMMATIC PLANNING

A programmatic plan sets CMA leadership’s stan-
dards and expectations for closure planning at the four
baseline facilities. The committee believes that at a
minimum, a programmatic plan should include: any
pertinent Army policy statements, goals and metrics,
expectations on safety and regulatory requirements,
and quality assurance.

Key Parameters, Metrics, and Goals—
The Army’s Definition of Success

It is critical to the success of any program to iden-
tify what is important; put simply, “What does success
look like?” A key mechanism for the realization of an
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TABLE 2-1 Status of Closure Planning Documentation for Each Baseline Chemical Agent Disposal Facility

Anniston Pine Bluff Tooele Chemical Agent Umatilla

Chemical Agent Chemical Agent Chemical Agent Munitions Chemical Agent
Planning Disposal Facility Disposal Facility Disposal Facility Disposal System Disposal Facility
Component (ANCDF) (PBCDF) (TOCDF) (CAMDS) (UMCDF)
Site Facility The RCRA FCP has The Facility Closure The FCP is scheduled  Scope is captured The FCP is included in
Closure Plan been submitted, approval Plan (PB-PL-110) was  for issuance in in the Facility the Decommissioning
(FCP) expected in January 2011.  issued in February September 2010. Decontamination Plan (UM-PL-108) issued

Closure Planning
Implementation
Strategy (CPIS)

Decommissioning
Plan

Decontamination
Plan

Demolition Plan

Final plan will follow this
approval, estimated
for March 2011.

The ANCDF CPIS
was issued in November
2008.

The ANCDF
Decommissioning Plan

is included in the Facility
Disposition Plan issued on
March 29, 2010.

ANCDF is updating the
Decontamination Plan that
was included in the Permit
modification that was
submitted to ADEM for
review on April 29, 2010.
Approval is expected by
March 2011.

In lieu of a separate
distinct Demolition Plan
ANCDEF will provide
detailed demolition

scope of work in the
Closure Work Proposal
and Engineering Work
Packages for the areas to
be demolished along with
an Estimate and a Request
for Proposal to be put

out for bid to qualified
demolition contractors.
The detailed packages for
the MDB and the Pollution
Abatement Areas (the only
areas to undergo mass
demolition) are due to be
issued by June 1, 2011.

2010.

The CPIS is included
in the FCP (PB-
PL-110) and in the
Decommissioning
Plan (PB-PL-108)
issued in February
2010.

The PBCDF
Decommissioning
Plan (PB-PL-108)

was issued in February
2010.

The Decontamination
Plan (PB-PL-118) was
issued on February 12,
2010.

The Demolition Plan
will be addressed

in the Final Site
Decontamination
Decommissioning and
Demolition (DDD)
Package (DDD-16-
040). Issuance of this
plan is estimated in
January 2011.

The CPIS is included
in the FCP that is
scheduled for issue
September 2010 and in
the Decommissioning
Plan (scheduled for
issue in August 2010).
For the preparation

of the CPIS TOCDF
used the Capstone
document that was
developed during the
Programmatic Closure
Project, the CMA
closure guide, and
other programmatic
documents as a basis.

The Decommissioning
Plan is part of the
FDDP. The FDDP is
scheduled for issuance
in August 2010.

The Decontamination
Plan is part of the
FDDP. The FDDP is
scheduled for issuance
in July 2010.

The TOCDF
Demolition Plan is

part of the Demolition
and Disposition Plan.
Issuance on this plan is
estimated in September
2010.

and Disposition Plan
(FDDP) issued in
March 2010.

Scope is captured in
the FDDP and was
issued in March 2010.

This scope is captured
in the FDDP issued in
March 2010.

This scope is captured
in the FDDP issues in
March 2010.

The CAMDS
Demolition Plan is
being developed with
the TOCDF Demolition
and Disposition Plan
and is scheduled to be
issued in September
2010.
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in May 2010.

The CPIS is included in
the Decommissioning
Plan (UM-PL-108) issued
in May 2010.

The Decommissioning
Plan (UM-PL-108), rev.
1, was issued in May
2010.

Content on
decontamination was
included in the RCRA
FCP. ODEQ approval of
the FCP is expected in
September 2010.

Content on demolition
was included in the
RCRA FCP. This plan is
currently under review by
ODEQ. (PMR-09-006).
Approval is expected in
September 2010.

Continued
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TABLE 2-1 Continued

Anniston Pine Bluff Tooele Chemical Agent Umatilla

Chemical Agent Chemical Agent Chemical Agent Munitions Chemical Agent
Planning Disposal Facility Disposal Facility Disposal Facility Disposal System Disposal Facility
Component (ANCDF) (PBCDF) (TOCDF) (CAMDS) (UMCDF)
Regulatory Closure The RCRA Closure Plan This plan is included The RCRA Closure The CAMDS RCRA The RCRA Closure

Plan

Programmatic
Documents Review
(TOCDF)

Personnel Planning

Closure Safety Plan
(CSP)

was submitted to ADEM
as part of the Permit
modification submitted
to ADEM in April 2010.
Approval is expected in
January 2011.

The TOCDF program-
matic documents have
been made part of the
site library and are
continuously used for
development of closure
work packages.

A Transition De-staffing
Plan is planned to be
incorporated into the
Closure Integrated Master
Schedule in September
2010.

ANCDF will use the
existing plan with
appropriate revisions.
Revision is scheduled for
March 2011.

in the FCP and in the
Decommissioning
Plan (PB-PL-108) that
were issued in
February 2010.

PBCDF continually
evaluates Closure
Lessons Learned
during DDD package
development.
Programmatic
documents are
addressed in the
Facility Closure Plan
(PB-PL-110), as
appropriate. A set of
parallel programmatic
documents were
prepared for PBCDF
and are maintained for
internal use at PBCDF
during development
of the DDD packages.
This effort is ongoing.

De-staffing plans are
under development at
PBCDF. Issuance is
anticipated in August
2010.

The CSP is addressed
under the System
Safety Implementation
Plan Volume II (PB-
PL-025), the
Occupational Health
and Hygiene Plan
Volume II (PB-PL-
027), and the Accident
Prevention Plan Volume
II (PB-PL-039).

Plan is scheduled for
submittal in June 2010.
Approval is expected
in December 2010.

This review task is

being performed as
part of the develop-
ment of the Facility
Closure Plan.

De-staffing plans are
being addressed via

a Human Resources
initiative. A Project
Management Plan has
been approved for this
effort and a schedule
is being developed for
issue by September
2010. High-level
de-staffing plans have
been communicated
to the workforce via
Visions and Values

meetings held in March

2010. This was also
communicated to the
Citizens Advisory
Commission in March
and will be updated in
the Fall of 2010.

Closure safety plans
will be summarized in
the Facility Closure
Plan, expected for
issuance in September
2010.

Closure plan was
approved by DSHW
on February 25, 2010.

This is being performed
as part of the TOCDF
effort. There were
site-specific documents
developed for CAMDS
modeled from the
TOCDF programmatic
documents that are
being used internally.

De-staffing planning
for CAMDS is part of
the overall TOCDF
planning effort.

Safety planning for
CAMDS Closure
utilizes safety plans
and procedures
incorporated from
TOCDF.

Copyright © National Academy of Sciences. All rights reserved.

Plan update has been
submitted to ODEQ
(PMR-09-006). Approval
is expected in September
2010.

Because of the
similarities between the
TOCDF and UMCDF,
Umatilla conducted an in-
depth review of TOCDF
programmatic documents
and has developed work
plans for closure making
extensive use of these
documents.

The UMCDF De-staffing
Plan has been drafted.
Issuance is expected in
July 2010. A Transition
Plan is in draft; issuance
is expected in July 2010.

UMCDF will use the
existing plan, revised to
address unique closure
conditions. Issuance of
the revision is expected
in October 2010.
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TABLE 2-1 Continued
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Anniston

Chemical Agent
Planning Disposal Facility
Component (ANCDF)

Pine Bluff
Chemical Agent
Disposal Facility
(PBCDF)

Tooele

Chemical Agent
Disposal Facility
(TOCDF)

Chemical Agent
Munitions
Disposal System
(CAMDS)

Umatilla
Chemical Agent
Disposal Facility
(UMCDF)

Public Participation

ANCDF encourages public

Plan participation in round

table meetings, to be held

in the community, with

the goal of discussing the
impact of ANCDF closure
on the employees and the

community in general.

Public participation

in PBCDF closure
planning is addressed
in the Facility Closure
Plan (PB-PL-110).
This plan is scheduled
to be issued June 25,
2010.

Public participation is
being addressed as part
of the human resources
initiative. A Project
Management Plan has
been approved for this
effort and a schedule

is being developed for
issue by September
2010. Also closure
discussions took place
with the Citizens
Advisory Commission
in March and will be
addressed again in the
Fall of 2010.

Public participation
for CAMDS is being
addressed along with
the TOCDF effort.

UMCDF does not plan to
develop a self-standing
public participation plan.
Continued community
participation in both
Land Reuse Authority
coordination meetings
and in routine Citizens
Advisory Commission
meetings will form

the basis for public
participation in UMCDF
closure plans.

NOTE: ADEM, Alabama Department of Emergency Management; ANCDF, Anniston Chemical Agent Disposal Facility (Alabama); CAMDS, Chemical
Agent Munitions Disposal System (Utah); CPIS, closure planning implementation strategy; CSP, closure safety plan; DSHW, Division of Solid and Hazardous
Waste (Utah); FCP, facility closure plan; FDDP, facility decontamination and disposition plan; MDB, munitions demilitarization building; ODEQ, Oregon
Department of Environmental Quality; PBCDF, Pine Bluff Chemical Agent Disposal Facility (Arkansas); RCRA, Resource Conservation and Recovery Act;
TOCDF, Tooele Chemical Agent Disposal Facility (Utah); UMCDF, Umatilla Chemical Agent Disposal Facility (Oregon).

SOURCE: P.C. Mohondro, URS Programmatic Closure Planning Manager, with input from R.J. Gramatges, URS Specialty Group Manager, and from the
ANCDF, CAMDS, PBCDF, TOCDF, and UMCDF Site Closure Managers, June 2010.

TABLE 2-2 Closure Planning Documents Completed by June 16, 2010, for Each Baseline Chemical Agent Disposal

Facility
Anniston Pine Bluff Tooele Chemical Agent Umatilla
Chemical Agent Chemical Agent Chemical Agent Munitions Disposal Chemical Agent
Disposal Facility Disposal Facility Disposal Facility System Disposal Facility

Planning Component (ANCDF) (PBCDF) (TOCDF) (CAMDS) (UMCDF)

Site Facility Closure 4 4 4 4

Plan (FCP)

Closure Planning 4 4 4 4

Implementation

Strategy (CPIS)

Decommissioning Plan 4 4 4 4

Decontamination Plan v v 4 4

Demolition Plan

Regulatory Closure (4 (4 v v

Plan

Programmatic 4 4 4 4

Documents Review

(TOCDF)

Personnel Planning

Closure Safety Plan 4 4 4

(CSP)

Public Participation 4 4 4

Plan

NOTE: The committee ceased data gathering for this study on June 16, 2010.

Copyright © National Academy of Sciences. All rights reserved.
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organization’s view of success is the establishment of
key parameters and metrics. The management of the
closure of the four baseline facilities is a complicated
task requiring diverse teams at multiple sites around the
country to advance the program in a way that ensures
the safety and protection of workers and communities.
The establishment of key parameters and metrics sends
a message from the CMA headquarters staff about what
the program leadership feels is critical to the success of
the facility closure phase of the program. Key parameters
and metrics are also an important mechanism to unify and
integrate approaches across the four baseline facilities.

Initially, CMA envisaged a programmatic plan
developed for the Tooele Chemical Agent Disposal
Facility that would serve as the basis for plans for the
other facilities. This plan was never completed when
it was determined that the Tooele Chemical Agent Dis-
posal Facility would not, as previously discussed, be
the first facility to undergo closure.! Parts of the plan
do exist and serve as a basis for planning as deemed
appropriate by each facility. The closure managers and
their senior staffs for the baseline facilities coordinate
their activities both with a weekly conference call and
regular in-person coordinating meetings. It appears
to the committee that the senior closure managers are
very competent in coordinating and carrying out the
planning activities. However, each facility is develop-
ing its plans to meet its particular situation. This is to
be expected because of the particular situations at each
facility. But it would appear that some guidance from
senior CMA management in policy-critical areas such
as the unventilated monitoring test (see Chapter 6)
would promote uniformity of approach and execution
of planning and, as a result, the closure operations. The
committee believes that at a minimum the program-
matic plan should include goals and metrics, Army
policy, expectations on safety and regulatory require-
ments, and quality assurance.

Finding 2-1. The closure managers and their teams
appear to be highly competent and to coordinate their
needs and approaches well through frequent contacts
and meetings. Each site is taking its own approach to the
planning activities because of differing end use, facil-
ity, and regulatory situations. There does not appear to
be sufficient senior policy guidance in key issues such
as the critical unventilated monitoring test.

Personal communication between Rafael Gramatges, Specialty
Group Manager, URS, and Peter Lederman, committee chair, June
16, 2010.

Recommendation 2-1. Senior Chemical Materials
Agency management should provide policy guidance
for closure in critical areas such as the unventilated
monitoring test to ensure that these critical activities
are planned and executed in a uniform manner across
all facilities.

In addition to parameters and metrics, it is desirable
and appropriate to establish measurable goals, or “tar-
gets.” Clearly articulated goals send strong messages
from the CMA leadership and may also be used to drive
continuous improvement. The committee discusses
parameters in Chapter 3.

Finding 2-2. The Chemical Materials Agency’s Strate-
gic Plan for closure of baseline chemical agent disposal
facilities identifies a number of parameters and metrics,
but it does not articulate measurable goals (targets)
against which progress will be tracked. Goals drive
behavior and performance. For example, the Army mea-
sures 12-month rolling recordable injury rates. However,
it is not clear to the committee whether the Army estab-
lishes a target for reduction of the recordable injury rate.
Similarly, the Army measures schedule slippage, but it is
not clear whether it wants to reduce schedule slippage by
a certain amount over some period of time.

Recommendation 2-2a. Parameters and the associated
metrics for successful closure of the Army’s baseline
chemical agent disposal facilities should be established
at the programmatic (headquarters) and site (project)
levels of the chemical stockpile disposal program
administered by the Chemical Materials Agency. While
the strategic plan addresses key parameters that will be
tracked at the headquarters level, the committee rec-
ommends that parameters be established at the project
level that are consistent with the strategic parameters.
These parameters should be tracked and measured at
the project level at each of the baseline facilities.

Recommendation 2-2b. The Army should develop
specific and quantifiable targets for parameters impor-
tant to the overall chemical stockpile disposal program
and for which the Chemical Materials Agency head-
quarters wants to drive improvement.

Essential Program Elements and Army Policy

Programmatic closure planning must provide the
foundation for the development of site-specific closure
plans, ensuring consistency in approach and establish-

Copyright © National Academy of Sciences. All rights reserved.
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ing requirements of those critical elements that should
be evaluated and integrated into every site specific
plan. Further, any specific policies or strategies that
the Army would like to see executed in site-specific
closure plans should be articulated in programmatic
planning.

The CMA’s “Strategic Plan: Fiscal Years 2010-2015,”
November 2009, describes the vision and mission of the
Programmatic Closure Planning process (CMA, 2009).
This document articulates a vision that “Creates a safer
tomorrow by making chemical weapons history.” It
further articulates the strategic processes that the Army
will use to develop its programmatic approach as well
as establishing management systems to measure prog-
ress toward the CMA vision and mission.

A December 17, 2008, Memorandum from the Chief,
Secondary Waste, Closure Compliance and Assess-
ment, titled a “Program Manager for Chemical Stock-
pile Elimination (PMCSE) Chemical Disposal Facility
Closure Strategy,” describes the PMCSE’s vision for
closure (O’Donnell, 2008). This strategy emphasizes
the importance of safety and seeks also to minimize
cost and schedule by encouraging mass demolition to
the greatest extent possible. Mass demolition enables
use of mechanical deconstruction employing conven-
tional construction equipment to remove structures and
minimizes human actions required for deconstruction.
The memo states, “Put in simplest form, the strategy
uses in situ decontamination followed by confirmatory
head-space monitoring as a gateway to mass demolition
of the facility” (O’Donnell, 2008).

Finding 2-3a. The Chemical Material Agency’s (CMA’s)
“Strategic Plan: Fiscal Years 2010-2015,” November
2009, describes the Army’s vision and mission for the
programmatic closure planning process. This document
also articulates the key parameters and metrics that the
Army will measure and evaluate at the headquarters
level. These key parameters include safety, schedule,
and cost. The CMA’s “Policy Statement #21, Strategic
Baseline Accountability,” March 8, 2010, sets forth the
Army’s expectations on accountability and reporting of
key parameters to CMA leadership.

Finding 2-3b. The Chemical Materials Agency has
placed high importance on implementing mass demoli-
tion, a strategy that has positive implications for safety,
cost, environmental impact, and scheduled completion
of the project.

Review of Closure Plans for the Baseline Incineration Chemical Agent Disposal Facilities

15

Finding 2-3c. Waste characterization (both agent and
non-agent), decontamination, and associated confirma-
tion monitoring are critical to the safe execution of the
Chemical Materials Agency strategy for closure.

Recommendation 2-3. The Chemical Materials
Agency’s closure strategy to emphasize mass demoli-
tion should continue to be actively pursued. However,
this strategy should be supported in planning and
execution by testing and monitoring necessary for suc-
cessful execution of the strategy.

Waste characterization is discussed more fully in
Chapters 5 and 6. The Army is proposing to decon-
taminate the buildings by first removing some of the
equipment, then checking for agent contamination, and,
as necessary, decontaminating surfaces using standard
caustic decontamination solutions (O’Donnell, 2008).
This process will be followed by locating occluded
spaces where agent could be sequestered, and then
opening and decontaminating those spaces. Finally,
ventilated and unventilated monitoring tests, which are
discussed in detail in Chapter 6, will be performed.

FACILITY-SPECIFIC CLOSURE PLANNING

The major planning components that the committee
believes are necessary to execute a safe and successful
site closure are listed in Figure 2-1. Starting with the
end use in mind, each facility will need to develop: an
overall facility closure plan, decommissioning plans,
decontamination plans, demolition plans, and materials
and waste disposition plans.

Each of these “phase” plans should incorporate
safety and health, personnel planning (retention, skill
sets, etc.), public participation, regulatory require-
ments, and any requirements specific to the Army.
Program parameters and metrics should be established
and cascaded down from CMA to the facilities. Targets
should be established and the metrics monitored for
achievement and updating where the Army seeks to
drive continuous improvement. Each facility should
report performance against parameters and any estab-
lished goals back to CMA. Lessons learned should be
continually evaluated and incorporated into all com-
ponents of site closure planning. Incorporating lessons
learned from prior facility closures, such as the John-
ston Atoll Chemical Agent Disposal System, is critical
to continuous improvement and ensuring overall suc-
cess of the closure program. The committee discusses
lessons learned in more detail in Chapter 4.
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FIGURE 2-1 Site-specific closure planning.

Each of the four baseline facilities is in the process
of developing key site-specific documents that will con-
tribute to overall success at both the site level and the
programmatic level. However, each site is at a different
stage of development of the closure planning docu-
ments. Therefore, it is difficult to compare the plans.

Based on a review of existing planning documents,
the key elements of site-specific closure planning are
discussed below and shown in Figure 2-1.

Safety

The committee believes that the plan for each phase
of work should incorporate industry-wide best practices
to achieve the Army’s safety objectives. As the work
toward closure progresses and a facility transitions
from chemical agent demilitarization operations to
decommissioning to decontamination and ultimately
demolition, the competencies and skill sets needed
to safely accomplish the work will change. During
demilitarization, most activities are standardized and
repetitive. As sites progress into closure activities, the
types of work hazards will change. The level of per-
sonal protective equipment necessary will decrease as
closure progresses and the facility is decontaminated.
The potential hazards will change from agent-related
exposures to hazards associated with deconstruction.
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Further, workers who will be involved in these differ-
ent phases of closure need to understand the different
risks that will be encountered and the different health
and safety requirements as closure proceeds.

In discussions with site and CMA staff, the commit-
tee learned about the strong commitment to safety by
those involved in the process, and the committee lauds
this commitment. In reviewing many documents, the
committee has seen safety integrated throughout top
level documents, including the CMA Strategic Plan
and the “Program Manager for Chemical Stockpile
Elimination (PMCSE) Chemical Disposal Facility
Closure Strategy,” as well as in specific work proce-
dures (O’Donnell, 2008). The committee recognizes
that the CMA’s strategy of in situ decontamination
followed by mass demolition will reduce hazards as
decontamination activities progress, but that changing
hazards related to new and different work processes
will result.

Project team members responsible for the execution
of the work should be trained to recognize situations
in which something unexpected is occurring, and they
should have the authority to initiate work stoppages
in these situations. Further, team members should be
prepared to expect an investigation or decision by the
project manager before proceeding.
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Personnel

There is an active program in place, fashioned
after one used at JACADS, to retain and maintain the
well-trained workforce with bonus incentives. As the
facilities transition from demilitarization operations
to closure, there are likely to be personnel challenges,
including losses of talented, competent employees
before the completion of closure activities. There will
also be a need to retrain current employees to work in
a less production-focused, more construction-focused
environment. Training of personnel (new or existing)
who will be involved in the progression of activities
from demilitarization to closure is essential. Further-
more, management of workforce needs and the poten-
tial loss of jobs will likely be a key issue in surrounding
communities.

Finding 2-4. There are numerous personnel challenges
associated with the transition of the baseline chemi-
cal agent disposal facility sites from demilitarization
operations to closure that include retention of person-
nel; retraining and matching of skills and competencies
of existing workers to new work; and integration of
new personnel into the site closure process. Personnel
retention and training, and the management of changing
personnel, are critical to program success.

Recommendation 2-4. The management at each base-
line chemical agent disposal facility must develop a
personnel planning document that addresses retention
of personnel; matches the skills and competencies of
the current workforce to future work; retrains current
personnel to the new work processes; and integrates
new personnel to facility safety procedures.

Public Participation

In general, environmental issues associated with
closure are not a major concern of the communities
surrounding the demilitarization facilities addressed in
this report.? However, the communities are concerned
that the end of demilitarization operations will lead
to workforce layoffs and associated economic conse-
quences. Furthermore, the communities are to varying
degrees concerned about issues related to cleanup of

2Committee members visited and met with members of local
communities at Deseret and Anniston, monitored news reports
from all four sites, and discussed community input with Army and
contractor personnel.

Review of Closure Plans for the Baseline Incineration Chemical Agent Disposal Facilities

17

areas of depots that are outside the chemical disposal
facilities, corrective action, and related disposal activi-
ties, but those issues are for the most part beyond the
scope of the task for this committee. As a site executes
its deconstruction and demolition plans, there is the
potential for additional truck traffic. There may also
be concerns about management of noise or dust. It is
important that the local government and community at
large be informed of and engaged in preparing for these
possibilities before they occur.

The committee believes that in some cases the public
may express concerns over the disposition of materi-
als that may have been exposed to chemical agent. On
the one hand, where the public believes waste materi-
als contain agent or other highly toxic substances,
they may advocate additional treatment and/or more
restrictive disposal practices. On the other hand, where
the public believes that materials have been shown to
be clean, the committee, based on years of observing
recycling activities, judges that the public is likely to
support reuse or recycling.

In general, given the anticipated future uses of the
chemical agent disposal facility sites and the absence
of groundwater contamination associated with demili-
tarization (USACHPPM, 1999), host communities
are expected to accept closure standards based upon
industrial/commercial future uses.

At Umatilla, the Confederated Tribes of the Umatilla
Indian Reservation (CTUIR) have made their position
on closure standards clear. The CTUIR assert their
rights under the Treaty of 1855 to the customary use
of ceded lands and their resources, including the entire
Umatilla Chemical Depot (UCD). The tribes insist
that the U.S. government “protect the interests of the
CTUIR by ensuring that lands, water, soil, air, biologi-
cal, and cultural resources are clean and safe to use”
(CTUIR, 2008, p. 1). In general, CTUIR believes that
the land should be restored by the Army to its 1855
condition, so as to support hunting, gathering, fishing,
and other cultural practices, and to protect the area’s
water resources.? The proposed reuse plan for the UCD
sets aside large tracts for management by the U.S. Fish
and Wildlife Service and the Oregon National Guard,

3Tribal governments, in addition to their possible role as regula-
tors, have a distinct decision-making role to play as derived from
rights that are specified in treaties with the U.S. government. In
some instances, these treaty rights may result in legally binding
obligations on the part of the U.S. government that must be ac-
counted for during the conduct of federal facility cleanup activities
(FFERDC, 1996).
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and the tribes expect access to those lands—although
use of the National Guard’s ranges may be limited in
both time and space.

However, the actual chemical agent disposal facil-
ity is proposed for transfer to the Port of Umatilla for
industrial use, and the tribes acknowledge that this area,
largely paved, should be remediated only to industrial
standards.* The CTUIR believes that cleanup resources
could be better spent sampling and, if necessary, reme-
diating open lands it believes to be contaminated by
the deposition of emissions from the demilitarization
incinerators. The tribes have submitted a sampling and
analysis plan in support of that goal (CTUIR, 2009).
They view investigation and cleanup of surrounding
UCD property as an essential part of the chemical agent
disposal facility closure.

While public concerns over closure, beyond those of
the CTUIR, have not yet crystallized, it is essential that
the Army and its contractors remain prepared for other
issues to arise and continue their extensive community
relations activities at all four baseline facilities. Any
mishap associated with closure would immediately
heighten public concern at these sites and prompt
more intense oversight. In the committee’s earlier letter
report (Appendix A), it recommended that the Army
work with the Utah Citizens Advisory Commission
(CAC) “to establish a continuing, constructive public
involvement [program] between the end of demilitar-
ization and formal closure.” Since then the Army has
explained that it intends to extend the life of the CACs
through closure. The committee is pleased with this
decision and hopes that the public members of those
bodies will continue their efforts after completion of
their original mission: oversight of demilitarization.

Finding 2-5. At each of the four baseline chemical
agent disposal facility sites, the Army has created a suc-
cessful community relations and public participation
program through its Citizens Advisory Commission,
Outreach Office, and other forums. The Army plans to
continue these essential activities through closure.

Recommendation 2-5. The committee supports the
Army continuing public involvement during clo-

4Question-and-answer session with Rodney Skeen, Manager,
Engineering and Modeling Program, Department of Science and
Engineering, Confederated Tribes of the Umatilla Indian Reserva-
tion; and Todd Kimmell and Lenny Siegel, committee members,
May 26, 2010.

sure and recommends an active program to address
public concerns by promoting public awareness and
participation.

Regulatory Drivers and Work Planning for
Compliance

Each site will be subject to state, federal, and local
regulations, including, but not limited to, the Clean
Air Act and the Resource Conservation and Recovery
Act. There may be state-specific requirements, such
as the Uniform Environmental Covenants Act in Ala-
bama and Utah, that each site will need to integrate
into site-specific closure plans. Each site will also
need to consider the appropriate regulatory end point
as required under federal and/or state laws and how
best to meet those end points. Based on its experience,
the committee believes that risk-based> approaches
work best when the future site use and regulatory end
points are integrated with the closure planning. Further,
decommissioning plans that address the end of life
of systems/equipment will need to be developed and
conducted in accordance with the Resource Conserva-
tion and Recovery Act regulatory requirements. Issues
associated with regulatory requirements and compli-
ance are further discussed in Chapter 5.

FUTURE USE AND CLOSURE END-USE VISION

In order to effectively conduct closure, knowledge of
the future use of the site (or area) is necessary. Indeed,
the future use and end use must drive the plan, and the
plan must be executed in a way that allows realiza-
tion of the end use. Questions such as whether storage
igloos or other structures will be reused, or whether or
not the real property will continue as part of military
operations, should be primary factors in the develop-
ment of site-specific closure plans.

In addition, the Army needs to consider the assets
that exist at a facility as well as the materials, waste,
residues, and other media that exist or will be generated
as part of the closure process. To be efficient, planning
for reuse/recycling of assets, materials, waste, and

5“Risk-based” closure means closure of a site to a level that re-
sults in minimal levels of risk to human health and the environment
S0 as to require no further action or monitoring on the part of the
responsible party nor any notice of hazardous waste management
on the deed to the property.
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residues should be integrated into the overall closure
planning process.

Finally, if cleanup is required, knowledge of future
site use can be employed to plan for risk-based cleanup
that will ensure protection of those who will have access
to the site in the future and will be cost-effective.

Documentation of Site History

In order to prepare the facility for decommission-
ing, dismantling, and demolition to achieve end-use
requirements and to complete the work without inci-
dent or injury, it is essential to review the history of
operational practices. This is necessary to establish
engineering controls before initiating activities within
a previously contaminated area, to determine surveys
to be done to verify existing conditions—including
occluded space surveys—and other operational activi-
ties such as decontamination of equipment and removal
of liquids. A thorough review of agent and non-agent
contamination history and lessons learned information
obtained from interviews with site personnel will help
facilitate safe closure activities.

The committee has been told by CMA and facility
staff that there is detailed operational information on
contamination history for each facility, and due to the
stringency of the operational controls, there is good
information on site history.

In addition to understanding documented site his-
tory, lessons learned from other sites further advanced
in the closure process provide important information
to understand regarding program history. See Chapter
4 for a discussion of lessons learned.

Finding 2-6. An accurate site history is important to
safe and environmentally sound closure. Site-specific
records on spills and releases, detailed operational site
contamination historical information, and program-
matic lessons learned are important to understanding
a site’s history.

Recommendation 2-6a. The programmatic closure
plan and the site-specific plans should ensure that all
available information on site history as well as lessons
learned are incorporated into closure planning.

Recommendation 2-6b. Even though a great amount
of site history is available, each site should develop a
site contingency plan to deal with finding agent con-
tamination where testing does not indicate its presence
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in the event that the documented site history proves to
be incomplete or inaccurate.

Selection of Decontamination Methods

Selection of decontamination methods includes
preparation of an equipment decontamination plan and
identification of the appropriate methods to be used for
decontamination, procedures to document decontami-
nation, and the future uses planned for the equipment
and the appropriateness of the decontamination criteria
employed. Decontamination methods and monitoring
are explored further in Chapter 6.

Decontamination

Decontamination is the removal of hazardous sub-
stances (agent and non-agent) that have been deposited
or absorbed on internal and/or external surfaces at a
facility by use of air-washing, chemical, mechanical,
and/or thermal methods. In order to determine the
most effective method for decontamination, the plan
should consider the documented site operational his-
tory, worker and community safety, regulatory require-
ments, and waste management (whether disposal or
reuse/recycling).

Occluded Space Survey

The occluded space survey is designed to identify
locations where agent liquid may have accumulated to
ensure effective decontamination. Successful comple-
tion of the occluded space survey is key to the mass
demolition strategy. A detailed discussion is found in
Chapter 6.

Demolition and Equipment/Debris Removal

Prior to mass demolition, equipment that has been
determined to be contaminated must be dismantled
and decontaminated. Similarly, equipment or materials
areas that are intended to be reused or redeployed must
be identified and decontaminated. If decontamination
of any item in the area, such as equipment, equipment
support, or concrete floor, is not possible, the item
should be removed and managed as hazardous waste.
Subsequent to dismantling, decontamination, and con-
firmatory monitoring, the facility/structure is prepared
for mass demolition by deactivating all utilities to the
area to be decontaminated and isolating the utilities that
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may be located in the utility corridor. Demolition refers
to the mechanical removal of structures with conven-
tional construction equipment and industrial demolition
techniques. Planning documents that address mass
demolition will need to consider dust suppression,
noise, and traffic studies and plans. As discussed above,
the Army’s preference is to move toward mass demoli-
tion in order to improve safe working conditions and
to minimize manual labor.

Cost and Schedule

Integrated cost and schedule should be tracked at the
program level. It is important to forecast and track cost
and schedule against the project schedule and allotted
budget. The committee heard from Army and contrac-
tor staff that they currently use project tracking tools
such as earned value to measure progress against scope,
schedule, and budget.® Earned value is a commonly
accepted project management tool.

Closure Project Management and Closure Team

The experience of committee members is that for
successful project execution, the project management
quality assurance document, in addition to the project
organization chart, should clearly indicate the roles
and responsibilities of the project team members. The
decommissioning work packages should contain steps
such as daily (or as necessary) project briefing before
starting a task and hold points for effective project

SPersonal communication between Carla Heck, Project Manager,
URS, and the committee, January 27, 2010.

control. This is also a good opportunity to reflect on
health, safety, and security issues.

Finding 2-7. It was not evident to the committee
that a project quality assurance plan for closure was
developed for every baseline chemical agent disposal
facility site.

Recommendation 2-7. The Army should create a
project management quality assurance plan for each
baseline chemical agent disposal facility site, describ-
ing the project organization, accountability, and lines of
responsibilities for closure project execution for routine
and unforeseen work situations.
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Important Parameters for Successful Closure

BACKGROUND

The committee provided a series of key parameters
for overall management of the current and upcoming
chemical agent disposal facility closures in an earlier
interim letter report (Appendix A). As an initial basis for
developing these parameters, the committee considered
the lessons learned by the U.S. Army Chemical Materi-
als Agency (CMA) from closure of the Johnston Atoll
Chemical Agent Disposal System (JACADS), which
was the first full-scale incineration-based disposal
facility. The Aberdeen Chemical Agent Disposal Facil-
ity (ABCDF), which was the first neutralization-based
disposal facility, and the Newport Chemical Agent Dis-
posal Facility (NECDF), another neutralization-based
facility, were also considered.

The committee has modified the original list of
parameters given in the interim report and developed
a structured approach that presents the parameters and
the associated metrics more effectively. Using these in
conjunction with the experiences gained from previous
closures, along with earlier programmatic plans for
closure of TOCDF and CAMDS and the knowledge
and experience of the committee members, the com-
mittee developed recommendations that it believes
can improve the current and future closures of disposal
facility sites. It is imperative to track the critical crite-
ria, including the agency and regulatory requirements,
necessary to successfully managing a closure project.

The committee continues to emphasize that the fore-
most goal of the parameters and metrics is to promote
a safe and successful program for facility closure. To
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accomplish this, the effective use of well-developed
management reports can serve as a feedback mecha-
nism for the continuous improvement of closure activi-
ties and, where necessary, can serve as a mechanism for
stopping work until appropriate corrective actions can
be made. The role of a management reporting process
is best described by the plan-do-check-act cycle used
by many organizations and described at the American
Society for Quality website.! As originally identified
in the interim letter report, metrics are of two kinds:
leading metrics, which help to predict performance, and
lagging metrics, which indicate the actual performance.
While the committee considers the listed parameters
and corresponding metrics to be important, it notes that
they need not be considered all-inclusive.

KEY PARAMETERS

The parameters in Table 3-1 and Table 3-2 are shown
along with associated metrics as a starting point for the
management of closure activities at the program and
project levels. It is imperative that different parameters
be tracked at the appropriate management and activity
levels. This section develops a parameter framework for
both the program and the project level that is defined
later. The list of parameters has been revised from the
original list in the interim letter report and includes

A discussion of the plan-do-check-act cycle is found at http://
www.asq.org/learn-about-quality/project-planning-tools/overview/
pdca-cycle.html.
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TABLE 3-1 Program-Level Parameters and Metrics

Metric Definition Type

Safety, Health, and Security

Near-miss Number of unsafe Leading
conditions

Incident investigations completed within 30 days Percent complete Leading

Cross-training for workforce/supervisors Percent complete Leading

Random drug testing Percent complete Leading

Occluded space survey process Yes/No Leading

Unventilated monitoring test process Yes/No Leading

Numbers of recordable injuries (RIs) Number Lagging

Number of lost workday cases Number Lagging

Days away from work due to workplace incident/injury Number Lagging

Fatalities (all causes) Number Lagging

Training and Development

Continuing education Hours/year Leading

Communication

Safety culture survey 1-5 scale Leading

Leadership communication sessions Number/year Leading

Cost

Federal requirements Standard metrics Lagging

Program cost objectives Program cost targets Lagging
metrics

Schedule

Schedule status Percent complete Lagging

Earned value Compare progress to Lagging
expenditures

Environmental Compliance

Establish facility future use for all sites (RCRA and BRAC) Yes/No Leading

Establish RCRA closure performance standards for all sites Yes/No Leading

Develop RCRA permit closure plan for all sites and coordinate with state regulators Yes/No Leading

Develop supplemental closure plans at each site and coordinate with state regulators Yes/No Leading

Develop plan in coordination with state regulators at each site to minimize waste/maximize reuse and recycling Yes/No Leading

Develop plan in coordination with state regulators at each site for disposition of waste Yes/No Leading

Management

Develop roles and responsibilities for key personnel Yes/No Leading

Develop quality assurance management program including design control, training, document control, revision Yes/No Leading

control, performance review, and internal audits for a comprehensive quality assurance program

TABLE 3-2 Project-Level Parameters and Metrics for the Chemical Agent Disposal Facilities

Metric Definition Type

Safety, Health and Security

Near-miss Number of unsafe Leading

conditions
Incident investigations completed within 30 days Percent complete Leading
Cross-training for workforce/supervisors Percent complete Leading
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TABLE 3-2 Continued
Metric Definition Type
Appropriate personal protective equipment for all tasks Yes/No Leading
Closure of open safety items in a timely manner Percent complete Leading
First aid cases Number
Recordable injuries and exposures® Number Lagging
Lost-time injuries® Number Lagging
Fatalities (all causes) Number Lagging
Hazardous assessment plan Yes/No Leading
Occluded space survey #1 Yes/No Leading
Occluded space survey #2 Number of failures Lagging
Unventilated monitoring test Number of failures Lagging
Maintenance
Planning and scheduling all maintenance Yes/No Leading
Appropriate maintenance for deconstruction equipment Percent complete Leading
Appropriate calibration and checking of monitoring equipment Yes/No Leading
Preventive/predictive maintenance program for key equipment Percent complete Leading
Monitoring/audit of maintenance plan Percent complete Leading
Training and Development
Cross-training for critical operation deconstruction positions Yes/No Leading
Proper certification for employees and contractors Yes/No Leading
Hazardous waste certification for appropriate workers Yes/No Leading
‘Workforce training on the facility and on non-normal situations Yes/No Leading
Workforce training for deconstruction personnel Yes/No Leading
Communication
Schedule(s) communications with local citizens advisory commission Yes/No Leading
Proactive two-way communications with neighboring communities Yes/No Leading
Proactive and frequent communications by senior site personnel with the state regulatory personnel Yes/No Leading
Regularly scheduled two-way communications with workforce Yes/No Leading
Cost
Periodic cost spending plan Yes/No Leading
Track costs to spending plan Yes/No Lagging
Schedule
Develop project schedule milestones Yes/No Leading
Track engineering changes Percent complete Lagging
Track project schedule milestones Percent complete Lagging
Environmental Compliance
Establish closure performance standards for closure waste? Yes/No Leading
Closure plans included in RCRA permit, supplemented by more detailed plans® Yes/No Leading
Closure addressed in other applicable permits” Yes/No Leading
Approval of waste analysis plan and characterization protocols? Yes/No Leading
Approval of monitoring plans for other appropriate media Yes/No Leading
Establish where generator knowledge can be used” Yes/No Leading
Develop plans for optimizing reuse and recycling Yes/No
Develop protocols for segregation of hazardous and nonhazardous waste materials? Yes/No Leading
Monitor compliance with RCRA permit closure plan Monitor percent Lagging

compliance and

notices of violation
Monitor compliance with other permits Monitor percent Lagging

compliance and

notices of violation

Yes/No Leading

Management
Develop effective records retention process Yes/No Leading
Regularly review lessons learned database for effectiveness Yes/No Leading
Review material management process including reuse/recycling Yes/No Leading

4OSHA requirement.
bPer state approval.
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additional parameters from the list developed in the NRC
report Evaluation of Safety and Environmental Metrics
for Potential Application at Chemical Agent Disposal
Facilities (NRC, 2009). That report served as an excel-
lent framework for operating disposal facilities as well
as a starting point for closure planning. Appendix B of
the present report includes the complete list developed
in that study. This current report expands the list with
additional critical management parameters required for
closure. The overriding purpose of the parameters and
metrics is to instill a culture of continuous improvement
for all aspects of closure and deconstruction, including
safety, regulatory, and program and project management.
The list developed by the committee is more complete
than the one previously developed in the interim report;
nevertheless, it still need not be considered all-inclusive.
The following findings and recommendations are pro-
vided by the committee for consideration by the Army.

Finding 3-1. A formal and structured system of param-
eters and metrics, including leading as well as lagging
metrics, provides important guidance for planning,
organizing, and implementing efficient closure of base-
line incineration chemical agent disposal facilities.

Recommendation 3-1. The Army should consider the
parameters and metrics presented in this report as it
plans and executes the closure of the baseline chemical
agent disposal facilities.

Finding 3-2. Tracking and reporting parameters and
metrics will facilitate the safe and successful manage-
ment of the closure of the Army’s baseline incineration
chemical agent disposal facilities.

Recommendation 3-2a. At a minimum, the Army
should track parameters and metrics used for disposal
facility closure at two levels: the program level and the
project level. Thereafter, it should determine whether
additional parameters and metrics are required.

Recommendation 3-2b. The Army should ensure that
appropriate and timely management reports are devel-
oped that enable tracking results for parameters and
metrics to be used to make management decisions and
take necessary actions.

Following is a summary of each of the categories
of parameters.

Safety, Health, and Security

The CMA programmatic staff, along with the site
management personnel and workers at chemical agent
disposal facilities, continues to promote an operational
culture focused on safety, health, and security. The
performance record of the various sites during the dis-
posal operations phase demonstrates the management
focus and employee awareness of the safety programs.
Table 3-3 summarizes site injury rates for the baseline
chemical disposal sites through the first quarter of
2010. These data indicate the performance of opera-
tions management in maintaining a safe work environ-
ment. However, a major concern related to safety not
present in the day-to-day operations is the new and non-
repetitive activities during closure, which can result
in unexpected situations that present safety issues. An
effective safety program for closure requires that both
leading and lagging metrics be tracked, documented,
reported in a timely manner, and communicated as part
of the process. As reported in the interim letter report,
satisfactory results concerning safety, health, and secu-
rity are supported by the establishment of systematic
data collection, site observations, incident reporting,
and an effective investigation process. This requires
the involvement of the entire organization from the
programmatic and site management personnel, proj-
ect planners, operational personnel, contractors, and
all workers involved in the execution of the closure
activities. As the site transitions from operations to
closure, the potential for unforeseen/unexpected safety
occurrences may increase in number and complexity,
requiring close surveillance and awareness on the part
of not only the closure teams but also the existing
operations teams.

Maintenance

The successful closure of the baseline incinera-
tion disposal facilities requires correct execution of
all maintenance work activities on equipment that
will impact the closure. Execution includes effective
planning and timely scheduling of all maintenance
work on key equipment used for disposal operations,
closure, and monitoring. In the deconstruction busi-
ness, many safety and regulatory problems can be
prevented through well-managed maintenance work
processes. Additionally, negative impacts on schedule
can be minimized when critical equipment is properly
maintained. Benchmark studies have shown that results
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TABLE 3-3 Chemical Demilitarization Site Recordable Injury Rates as of March 31, 2010

Employee Hours

Worked Since Current Highest Lowest Highest Lowest

Facility Last LWC (hr) 12-Month RIR 1-Month RIR¢ 1-Month RIR? 12-Month RIR¢ 12-Month RIR?

ANCDF 4.5 million 0.69 5.18 0.0 1.75 0.27
(988 days)

NECDF 1.9 million 0.33 4.45 0.0 1.95 0.18
(914 days)

PBCDF 3.0 million 0.13 3.32 0.0 1.17 0.00
(770 days)

TOCDF 8.9 million 0.76 14.54¢/11.26 0.0 4.82 0.46
(1,624 days)

UMCDF 6.2 million 1.06 3.83 0.0 2.25 0.34

(1,369 days)

NOTE: LWC, lost workday case; RIR, recordable injury rate.
4Highest 1-Month RIR in entire facility operational history.
bLowest 1-Month RIR in entire facility operational history.
“Highest 12-Month RIR in entire facility operational history.
9Lowest 12-Month RIR in entire facility operational history.

¢The higher number includes 11 cases of food poisoning that occurred at a safety celebration. The lower number excludes these 11 cases.
SOURCE: Cheryl Maggio, Deputy Project Manager Chemical Stockpile Elimination, CMA, May 28, 2010.

are optimized by having 80-85 percent of all required
maintenance activities planned and scheduled.?

Training and Development

The basis for successful completion of closure of
baseline chemical agent disposal facilities is the active
involvement and proper preparation of each site’s
entire workforce. Strategic elements identified by the
committee that should be tracked and reported include
the employee selection, training, and development
process.

The leading and lagging metrics provided in Table
3-1 for this parameter represent critical items that, when
successfully addressed, will result in a more qualified
workforce and a higher probability of success. For
example, the technical aspects, complexity, and unique
safety and environmental requirements of a facility clo-
sure mandate that the workforce be properly selected
and prepared through education and training. That
training drives performance results for new activities,
especially when new personnel are involved, is a well-
established fact, and closure will constitute a new activ-

2A discussion of benchmark studies that establish optimal levels
of maintenance is available online at http://www.reliabilityweb.com/
excerpts/excerpts/Maintenance_Benchmarks.pdf. Last accessed
July 1, 2010.

ity at baseline chemical agent disposal facilities. The
committee continues to believe that concerted efforts
should be made to train the deconstruction workforce
on hazards and awareness pertinent to the site and
facility situations. Cross-training between personnel
familiar with operations and individuals responsible
for closure constitutes a critical interface for promot-
ing safe and successful outcomes for closure activities.
Training requirements for closure operations are very
different from operational activities and therefore must
be closely monitored. An example of the importance of
workforce training is the criticality of the unventilated
monitoring process for the closure facilities and the
need to develop solid training materials (as discussed
in detail in Chapter 6).

Communications

The committee believes that a strong, positive com-
munication strategy engages a full range of stakehold-
ers involved in the execution of the closure programs.
The committee appreciates the strong, positive safety
culture that has been developed at TOCDF, CAMDS,
and other CMA sites, and it believes that that culture
will continue into the closure phase as long as the fre-
quent formal and informal sharing of information and
ongoing dialogue continue. Additionally, the closure
management must actively lead and support commu-
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nications with all key stakeholders, including federal
and state authorities and local community groups. Good
communications build trust and provide more oppor-
tunities to understand the changing nature of risk. The
committee has selected the metrics identified as critical
to ensuring a proactive communication strategy.

Cost

Program cost objectives comprise a key strategic
parameter for successful completion of the site closure as
indicated in the committee’s interim report for successful
completion of the site closure. The committee was nei-
ther tasked nor provided with the financial data necessary
to assess how the programs are progressing in terms of
cost management. The committee believes strongly that
the various levels of management, including CMA at the
program level and the prime and subcontractors at the
project level, should be able both to forecast anticipated
costs and to effectively understand, manage, and explain
all expenditures during the implementation of program
and project work and have a robust cost control system.
It is imperative that all federal financial requirements be
met for the projects to be successfully undertaken in the
closure and closure process.

Schedule

Based on the complexity and cost of the satisfactory
completion of the chemical agent disposal facilities
site closures, the committee believes that the leader-
ship needs to develop and adhere to a comprehensive
schedule. Additionally, how management addresses
programs and project changes and delays within the
closure process are critical to timely and cost-effective
completion and are therefore identified as a parameter
to be tracked. Safety becomes a critical item when
tracking schedule changes and when pressure develops
to complete an activity on time.

Environmental Compliance

Environmental compliance issues associated with
the closure of the baseline chemical agent disposal
facilities are a priority for management. The track-
ing of performance in this regard will be critical. The
CMA closure team and the teams at each facility have
evidenced a strong understanding of regulatory compli-
ance and monitoring requirements. Key attributes for

successful closure include obtaining regulatory agree-
ment with the closure plans with the state authorities
on a timely basis. This requires close coordination with
the state regulatory community to obtain early agree-
ment on the anticipated future use for the facility and
the related closure performance standards that must be
achieved. State environmental regulatory authorities
have been engaged throughout the process in the review
of plans and specifications for the closure.

Just as important as the closure performance stan-
dards are reaching agreement with the state regula-
tory authorities on the manner in which performance
standards will be achieved. Throughout the closure
process, compliance monitoring will be required. The
metrics provided herein are designed to track timely
selection of future use, agreement on the performance
standards, and the manner in which the performance
standards will be achieved, leading eventually to final
facility closure.

The committee’s metrics for environmental compli-
ance are based in part on the recommendations estab-
lished within the NRC report Evaluation of Safety and
Environmental Metrics for Potential Application at
Chemical Agent Disposal Facilities (NRC, 2009).

Management

The responsibility of management is to set the tone
and direct the site effort for all work activities. The met-
rics listed for this parameter offer ways to consider how
management measures its activities and their effective-
ness. Management is responsible for developing and
structuring parameters and metrics for each segment of
the workforce. Not all of the workforce can or should
receive and react to all of the information resulting
from the metrics discussed in this chapter. However,
each parameter and each metric must be reviewed for
its intended audience.

Closure program quality is a key strategic element
for successful program completion. Quality elements
such as adequate and appropriate analytical capabilities,
inventory and material management, records retention,
and lessons learned comprise critical management
items that can significantly affect the efficiency of the
overall closure effort. Careful materials management
is a key to successful facilities closure and manage-
ment control while quality protocols for segregation of
generated hazardous and nonhazardous materials must
be implemented. This will require proper identification

Copyright © National Academy of Sciences. All rights reserved.



IMPORTANT PARAMETERS FOR SUCCESSFUL CLOSURE

and inventory control of these materials. The commit-
tee has identified a set of key metrics to be tracked for
successful closure.

GROUPINGS OF PARAMETERS

The large number of parameters and associated met-
rics to be tracked and reported over the course of the
closure of chemical agent disposal facilities will result
in the generation of significant amounts of informa-
tion. In managing the closure operations, management
should divide the parameters and metrics into two lev-
els: the program level and the project level. The com-
mittee did not attempt to address task-level activities.
However, the Army and its closure contractors should
do so to track the key parameters identified and the
corresponding metrics.

Program Level

Program management is the process of managing
one or more related projects, often with the intention
of improving an organization’s performance. The man-
agement of the site and the CMA is concerned with
the aggregate result or end use. Typically, a program
approach is broken down into projects that reflect the
overall objective. The emphasis for the program man-
agement staff involves coordination and prioritization

Review of Closure Plans for the Baseline Incineration Chemical Agent Disposal Facilities
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of resources across projects as well as supervision of
links between the projects and the overall costs and
risks of the project. Closure and deconstruction activi-
ties require the possession or acquisition of an under-
standing of the unique aspects of these operations, and
therefore the parameters and metrics must reflect such
an understanding. At the program level, the intent is
to focus more on the leading metrics in the hopes of
anticipating future issues.

Project Level

The key difference between a program and a project
is the finite nature of the project. A project is designed
to deliver an output or deliverable, and its success will
be determined in terms of delivering the right output at
the right time and at the right cost. Project-level metrics
will primarily be the responsibility of the contractors,
both prime and subcontractors, to track the results and
manage accordingly. The project-level metrics will be
more heavily weighted to lagging metrics and focused
on continuous improvement.
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Management Systems:
Lessons Learned Process and the eRoom Tool

LESSONS LEARNED—A MANAGEMENT SYSTEM

An important management system in any manu-
facturing process with high hazard potential is one
in which institutional knowledge and experiences
are captured and shared with all affected personnel.
Management systems can be composed of both infor-
mation technology elements and processes whereby
human work is performed. The chemical stockpile
disposal program makes use of both techniques. There
are frequent and focused (usually telephone) meetings
on lessons learned. These meetings involve the les-
sons learned coordinator for each site plus appropriate
experts to provide advice/information on any particular
topic. The lessons learned database was set up in 2002
and has been continually updated. The current (2010)
version enables personnel to query the database to
obtain information about procedures and specific topics
and to search site spill history and prior closure activi-
ties. The database covers multiple years of operation
and multiple facilities and would appear to be serving
the needs of the program. Many management person-
nel, both Army and civil service, have access to this
database. While similar commercial systems do exist,
the lessons learned database, which was developed
internally by the Army and its contractors, is able to
codify and catalogue, as well as search and retrieve,
needed information.

In setting up the database, the program has suc-
cessfully wrestled with most of the key questions sur-
rounding use of the database; information collection,
retrieval, and sharing; worker training; and systems
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support and management. The database has been in
use since early 2002, but the design and operational
details were revised in 2006. The newer version is more
complete in controlling how information gets into the
database, in review mechanisms to ensure the accuracy
and usefulness of the data, and in delineating to whom
and what type of access will be available. In a telecon-
ference call with members of the committee, the Army
asserted that the database program is substantially
improved over that in use in 2002 particularly with
regard to some shortcomings identified in the earlier
National Research Council (NRC) report Evaluation
of Chemical Events at Army Chemical Agent Disposal
Facilities (NRC, 2002).! The Army attributed the
improvement to a unified ownership of all aspects of
the database by its contractor, the URS Corporation,
with support from the Army. This includes keeping
it up to date. The Army also provided the committee
access to the most recent version of the lessons learned
program.

Finding 4-1. The current version of the lessons learned
database is significantly improved over the 2002 ver-
sion; it is much easier to access and use the search func-
tions. The Army is to be commended on implementing
the changes that made the database more usable.

ITeleconference with participants Timothy Garrett, Site Project
Manager, ANCDF; Amy Dean, Environmental Engineer, Project
Manager for Elimination of Chemical Weapons, CMA; Peter
Lederman, committee chair; and Leigh Short, committee member,
February 11, 2010.
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It is noted that having a good lessons learned system
is a widely used operations tool in industry. The devel-
opment of the current programmatic database took a
more bottom-up approach than the previous (2002)
version discussed in NRC (2002). With continuing
support by the Army, the current version of the data-
base has gone through several iterations to arrive at its
present form. The data in the system are almost entirely
specific to operational issues arising during weapon
destruction at their respective facilities. Nonetheless,
the data on closure, while currently limited to the three
facilities that have closed thus far—Johnston Atoll
Chemical Agent Disposal System, Aberdeen Chemical
Agent Disposal Facility, and Newport Chemical Agent
Disposal Facility—are likely to be of interest to demoli-
tion contractors, for example. The committee strongly
supports the concept of continuous improvement of the
existing system for programmatic data.

The Importance of Lessons Learned

In any endeavor, the experience that comes from
doing offers opportunities for learning and gaining
wisdom. This is true whether the outcome of the activ-
ity was good and as anticipated—or otherwise. That is
to say that we learn from our past, both good and bad.
Similarly, the chemical stockpile disposal program
has embraced a lessons learned approach. When deal-
ing with chemical agents and other toxic substances,
protecting the safety and health of the workforce and
the surrounding communities becomes an essential
priority. This is true for activities spanning construc-
tion and agent disposal operations, and it extends to the
closure and dismantlement of the disposal facilities. It
becomes an even more critical priority as the majority
of the workforce shifts from workers trained in agent
disposal operations to those trained in demolition but
who are less familiar with chemical agent properties
and safe practices in agent issues.

Strong anecdotal evidence indicates that a lessons
learned approach has been helpful in the planning,
construction, operation, closure, and deconstruction
of chemical agent disposal facilities over the course of
the chemical stockpile disposal program.”> The com-
mittee judges that a continued, formalized, lessons

2Personal communication among Brad Tibbils, Project Manager,
URS; Peter Lederman, committee chair; Leigh Short, committee
member; and Deborah Grubbe, committee member, March 3,
2010.

learned process has and continues to significantly ben-
efit the conduct of chemical demilitarization closure
activities.

Defining Lessons Learned and the Lessons Learned
Process

A lesson learned is derived from knowledge, expe-
rience, training, exercises, and actual incidents, and it
reflects both positive and negative lessons. The lessons
learned process can be divided into four discrete steps
(see Figure 4-1):

1. Identify idea and articulate concepts.
2. Codify, catalogue, approve, and store.
3. Search and retrieve.

4. Integrate into current work activity.

Only by completing all of the above steps is the
value of the prior knowledge and experience able to
be fully assimilated and be useful in planning and
executing a specific task or change. If any of the four
steps is not completed, the objective of having a func-
tioning lessons learned process is not fully realized.
Likewise, the continuous improvement process applies
to all steps. It is also important that any staff member,
government, or contractor be able to easily access the
data and find any lesson learned that is applicable to
a particular issue. Moreover, the committee believes
that a mechanism should exist whereby proposed les-
sons learned that are initially rejected be independently
reviewed and potentially reconsidered for inclusion in
the database.

The current lessons learned process flow (shown in
Figure 4-2) was adapted by the committee from a more
detailed flow sheet prepared by the Army. Many of the
current documented lessons learned are pertinent to
agent processing operations. Some of the information
concerning closure lessons learned from the Johnston
Atoll Chemical Agent Disposal System and associated
procedures apparently exists only in hard copy and is
not able to be digitally searched. However, there is a
growing body of electronically searchable knowledge
and experience relevant to closure, deconstruction,
and dismantlement. This latter body of knowledge,
the closure-based lessons learned, is the focus of the
evaluation done by the committee.

This committee has focused its attention on the pro-
grammatic lessons learned process that is managed by
the Army and its prime contractor. Useful data reside
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FIGURE 4-1 Steps of the lessons learned process.
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FIGURE 4-2 Flow sequence for lessons learned.

Uploaded to
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no action

SOURCE: Closure community portal document 100218—-LL Flow Chart—CMA..ppt.

in the information system and are reasonably straight-
forward to use, although a little training is needed. The
current programmatic lessons learned program is very
much improved over the earlier (2002) versions with
regard to searchability, accessibility, and a more for-
malized process of entering the lessons learned. How-
ever, it is incumbent on the Army and its contractors
to remain good stewards and to continuously improve
the process.

Any staff person who has an account on the system
can submit a lesson learned. There is a lessons learned
submission form that is available electronically and in
hard copy. Subcontractors who do not have accounts
must take the extra step of raising a potential lesson
learned with a prime contractor representative. This
limitation could become an issue during closure activi-

ties as some new lessons learned may originate from
other than Army or prime contractor sources.

Finding 4-2. Lessons learned over the course of con-
ducting closure operations at chemical agent disposal
facilities will be helpful to completing without incident
future closure activities within the chemical stockpile
disposal program, and they will minimize costs by
reducing the time and effort needed for learning curves
and training.

Recommendation 4-2. The Army should continue to
support the closure lessons learned processes and to
encourage the prime contractor for closure operations
to strengthen the timeliness and manner in which the
lessons learned are shared. In this regard, it is important
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that all contractors on-site have access to or knowledge
of the lessons learned applicable to their specific site
activities.

Each site has a lessons learned coordinator who
receives the submitted lessons learned forms and logs
them into the system for review. This coordinator
ensures that the data are complete and assigns each
data set a lessons learned number. At this point, one
of three outcomes is possible: the lesson learned can
be rejected; it can be accepted and entered into the
system; or it can be reworked at the initiating site and
then forwarded.

Because each site has a lessons learned coordina-
tor, system variation is introduced by having differ-
ent people exercising judgment. However, terms and
categories for the system are preprogrammed into the
software, which reduces variability. The title for a les-
son learned is at the discretion of the submitter and is
free form. The submitter is also allowed to categorize
suggested priority ratings for timing and safety. If site
managers determine that a lesson has imminent rel-
evance to safety, an email is generated and uploaded
to the database. This determination of a high priority
requiring immediate notification of the other sites is
made by the lessons learned coordinator and subject
expert at the site.

The site coordinator and other appropriate personnel
verify the uniqueness of the proposed lesson learned
and, if appropriate, recommends inclusion in the data-
base. An email accompanies any lesson learned that is
forwarded beyond its originating facility. The proposed
lesson learned is subject to further review, and appro-
priate actions (if any) are conducted.

Once the lesson learned is forwarded from the site, it
is subject to external review by a program-wide subject
matter expert who reviews and approves, or reviews and
issues, the lesson learned for information only. A lesson
learned issued only for information indicates that no spe-
cific action is required by any facility. This review pro-
cess at the program level allows for greater consistency
within the specified subject area. Coordination among
the subject matter experts is vital to ensure consistency
in lessons learned treatment across subject areas. The
subject matter expert is the person who can revise or alter
a lesson learned entry during the review process, as well
as being qualified to make a determination that the lesson
learned is only for informational purposes.

There is no documented appeal process in place if
the submitter disagrees with the decision at the site level
by the lessons learned coordinator or site subject matter
expert to reject the lesson learned. The individual(s)
who submitted the lesson learned may disagree with the
disposition decision and should have an opportunity to
document this position and make a case for inclusion.
There does not appear to be an opportunity to question
this rejection. Rejected submissions should be reviewed
independently from the initial review to ascertain that
in fact the lesson might not be useful to, for example,
a demolition contractor. While the committee has not
seen evidence of serious problems with this part of the
process, the inability to capture what information was
discarded at a given point in time is not optimal.

The search mechanism for the lessons learned data-
base is significantly improved over the 2002 version.
However, the novice or inexperienced user may not
have adequate ability to conduct a search without help
or extra training. It was not apparent to the commit-
tee that novice users are sufficiently familiar with the
search functions. This may become a more serious issue
during closure when most of the activities are not typi-
cal of the more standardized activities that take place
during agent disposal operations.

Finding 4-3. There is no system in place to review
a determination to reject a proposed lesson learned.
Rejection may become a more important issue during
closure than it is during operations because the review
system is not geared to closure. The current system
depends in part upon knowledge of how the search
mechanism is constructed and upon use of the appropri-
ate search words or terms.

Recommendation 4-3a. The Army should require a
mechanism to validate the decision to reject a lesson
learned.

Recommendation 4-3b. The Army should require
implementation of a means to familiarize people with
those paper-based lessons learned from the experiences
at the Johnston Atoll Chemical Agent Disposal System
that are not accessible through the electronic lessons
learned database.

Recommendation 4-3c. The Army should consider
developing a real-time user support tool to help novice
users search the lessons learned database.
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In addition to the searchable electronic database,
the Army and its contractors participate in weekly
teleconferences and conduct quarterly meetings on
lessons learned relevant to closure preparations. These
activities serve to make the preparatory efforts directed
toward closure lively and current, and attendance has
been high. The ability to query an expert in real time
is another excellent way to ensure that lessons learned
deliver the benefits intended.

Access to the Lessons Learned Database

There are two levels of access to the database, one
of which is widely available, and another that in addi-
tion to access allows data input/changes, but is not
widely available. It appears to the committee that the
current system operates in a manner that could inhibit
a potential user (particularly during closure activities)
from correctly locating an applicable lesson (assuming
it is present). The Army should consider how the clo-
sure lessons learned information could be made avail-
able to all potential subcontractors during the bidding
phase for particular closure tasks. Such information
may be pertinent to all bidders, only one of whom will
be selected.

During actual closure operations, a different set of
contractors will be on-site and a very different set of
problems may arise. There appears to be no current
means of ensuring that the lessons learned will be acces-
sible during closure and/or the knowledge contained
in the database will be made available to appropriate
subcontractor personnel. The information in lessons
learned documents can provide a firm foundation to
facilitate safe, fast, and cost-effective closure opera-
tions, but the information must be readily available.

Currently, although a detailed database does exist,
it may be somewhat difficult for an inexperienced user
(such as any closure contractors) to access or obtain the
pertinent information contained therein. This has not
seemed to be an issue during chemical agent destruc-
tion operations, but as indicated above, it might be
more problematic during closure. At present, manage-
ment holds periodic meetings and phone calls to share
lessons; however, during closure, that approach could
suffer from unfortunate timing, and it may require par-
ticipants to have good memories. A user who is looking
for closure information to, for example, prepare a work
plan for occluded space surveys might have difficulty
finding any appropriate information in the database as
currently configured. The Army should consider imple-

menting a more proactive system by which information
is immediately pushed out to users who are specifically
notified when a lesson learned is approved in their area
or for their facility. This will become increasingly more
critical as closure activities accelerate. Such a system
could have subject matter experts taking a greater lead-
ership role in the process, for example, by checking the
type of data a user is seeking and ensuring that the user
is able to find all pertinent information. One of the key
aspects of lessons learned is their value as an appropri-
ate “just in time” tool. A lesson learned too early can be
lost and forgotten, and a lesson learned too late may be
disastrous for individuals and the program.

Finding 4-4. Since the number and type of contractors
on-site will differ during closure and agent disposal
operations, the use of the lessons learned database and
its applicability may be different during closure opera-
tions from what has been the case previously.

Finding 4-5. The lessons learned database is search-
able, but the search mechanism is relatively difficult to
use by the novice user.

Recommendation 4-5. Rather than relying completely
on the current means of searching the lessons learned
database system, the Army should develop a proactive
mechanism that assists new or novice users, particular-
ly dismantling subcontractors to find, or be made aware
of, the data in the lessons learned that would apply to a
particular problem.

THE eROOM

The contractor maintains an eRoom, an electronic
repository of documents related to the chemical stock-
pile disposal program that includes closure-related
documents, permit-related documents, and documents
relating to operational matters (see Box 4-1). However,
there does not appear to be a very strong in-place train-
ing system to familiarize all appropriate employees
(including those primarily involved with closure) with
the use and benefits of the eRoom. It is potentially a
very strong management tool. Other companies that
have a similar system typically find it necessary to
devote a considerable amount of time and resources
to ensuring that it is used to the fullest possible extent.
The Army and its contractor might evaluate whether the
current training is adequate, and whether the use of the
eRoom could be strengthened to benefit closure activi-
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BOX 4-1 Description of the CMA eRoom

An eRoom is an electronic space established by project management to enable members of a team selected by project management to collaborate
and share information pertaining to work-in-progress. This is accomplished by making project information available to the team members for reviewing,
copying, commenting upon, and possible editing irrespective of organizational affiliation or geographic location.

Project management selects a member of the team to establish, implement, and coordinate eRoom activities. This team member is referred to as
the coordinator. There may be more than one coordinator for an eRoom.

A coordinator, with IT support, adds other team members to the eRoom membership (list) at the request of project management and, with manage-
ment guidance, assigns one of three possible roles to each member.

Team member roles are that of observer, participant, and coordinator. Each role provides different levels of functionality within the eRoom. An
observer may view and copy contents located within the eRoom; a participant may view, copy, add, and modify contents; a coordinator may view,
copy, add, modify, and delete any content. A coordinator may also modify roles and access permissions to content for team members. The coordinator
monitors the eRoom for usage and periodically consults with management as to whether access to the eRoom by any individual should be maintained
or terminated.

The eRoom content primarily consists of files, folders, and objects, including audio and video. A team member who has been assigned a role
which would enable them to add content may either drag and drop or upload content from another location. The team member who adds the content
becomes the “owner” and may specify at the time of content addition which other team members may view the content, are identified as co-owners
of the content, and may edit the content. The team member may also send an email alert to individual or multiple team members to advise them of
the content availability.

The eRoom incorporates additional functionality which may be deployed by the implementing organization. The Closure eRoom was established
to disseminate programmatic information to stakeholders and to exchange information from the various sites for enhancement in the development of

site-specific documents.

SOURCE: Rafael J. Gramatges, Specialty Group Manager, URS Corporation, March 29, 2010.

ties. As an example, the wording of specific documents
such as sampling strategies and permit language at dif-
ferent sites could be reviewed for internal consistency
before submission to a regulatory agency.

An individual must ask for access to the eRoom. If
an individual has not used the eRoom within 60 days
the access is canceled. An individual may be granted
access to portions of the eRoom (for example, closure-
related topics only or monitoring-related topics only).
The committee was told that this security protocol is
needed because the eRoom is URS company-wide and
not restricted to Chemical Materials Agency activities
only. For this reason access is limited; a change would
require action at a high URS corporate level.

Typical screens for the eRoom show who has access
to the room, what role the individuals have in the orga-
nization, and where their offices are physically located.
From the screens the committee reviewed, it is apparent
that a relatively small number of individuals actively
use the eRoom. In order for the eRoom closure lessons
learned to be an effective management tool, the room
would typically need to be used by a wide variety of
people, and during closure. For example, selected por-

tions might need to be made available to subcontractors
since they will be a key part of the closure process.

One eRoom screen shows the details of how each
topic area within the eRoom is addressed. For example,
a screen on the topic of coordination and collaboration
outlines when the eRoom was created, who the main
contact is, key news and information items for the
users, and a legal disclaimer about privileged informa-
tion. This is followed by a listing of all the files, docu-
ments, and training materials deemed pertinent to the
subject area of closure.

Another eRoom screen outlines the history of docu-
ment retention and change. This is extremely helpful
when determining the age and relevance of informa-
tion. The records retention page lists the document’s
name, the date it was modified, the name of the docu-
ment owner, and the document’s size.

The eRoom is a potentially very powerful tool both
for coordination purposes during draft markups or for
someone looking for information on a particular topic
(for example, a Resource Conservation and Recovery
Act permit and its contents). The use of the eRoom
appears to be relatively widespread, but relatively few
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individuals are heavy users. The committee noted that
the closure managers at their June meeting consistently
referred to the eRoom and often asked for certain spe-
cific documents to be uploaded so that all sites could
have access to them. As with the lessons learned, use
of the eRoom is for the most part from the bottom up
in terms of personnel. There appears to be less indica-
tion of a proactive use of the eRoom as a design tool
or by the Chemical Materials Agency management as
a means of promoting consistent sets of information
among similar documents. The eRoom would perhaps
be more useful if the contractor had a system that was
more aggressive in “pushing” information in the docu-
ments to users. The concept of timely access to lessons
learned was described above, and this same concept
also needs to be considered in any use of the eRoom
during closure, particularly by subcontractors active in
closure activities.

Finding 4-6. The eRoom is a very powerful informa-
tion sharing and management tool, both for develop-
ing new documents and for allowing users to find
information that is pertinent to a particular issue or
problem.

Recommendation 4-6a. The committee strongly sup-
ports the concept of the eRoom and encourages its use
as often as possible.

Recommendation 4-6b. The committee suggests that
the Army and its contractor examine current eRoom
usage and, if appropriate, develop procedures to
increase its usage, including the development of new
documents and determining who should have access
during closure and dismantling activities.
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Regulatory Requirements Affecting Closure

BACKGROUND

In closing the baseline chemical agent disposal
facilities, the Army must comply with regulations
established under a number of different environmental
regulatory statutes. The most challenging among these
are the facility closure regulations established under
the Resource Conservation and Recovery Act (RCRA)
(40 CFR Part 264, Subpart G). This chapter focuses on
RCRA closure and related issues. It also addresses the
influence of Base Realignment and Closure (BRAC)
and cleanup programs under RCRA and the Compre-
hensive Environmental Response, Compensation and
Liability Act. It is interesting to note that the Chemical
Weapons Convention (CWC), which dictated many
requirements pertaining to the destruction of chemical
warfare materiel, is not a factor during closure.! Once
the stockpile is destroyed, the substantive requirements
of the CWC have been satisfied.

General RCRA Closure Requirements

Under RCRA, the Environmental Protection Agency
(EPA) was charged with developing regulations that
define certain wastes as hazardous and establishing
controls for their management. States adopt these regu-
lations but may choose to be more stringent. Moreover,

'Formally, the Convention on the Prohibition of the Develop-
ment, Production, Stockpiling and Use of Chemical Weapons and
Their Destruction. The treaty was signed by the United States in
1993 and ratified by Congress in 1997.

35

through their authority to dispense RCRA permits,
some states impose conditions that are not reflected in
their established regulations. Of the four states with
baseline incineration sites, Utah and Oregon have
established more stringent regulations than those of
the EPA, and all have imposed permit conditions that
go beyond regulatory requirements.? All are different
in regard to how the chemical agent disposal facilities
were regulated during operations and are to be regu-
lated during closure.

RCRA closure regulations require facilities to com-
ply with a “closure performance standard” (40 CFR
264.111). This qualitative standard requires facili-
ties to close in a manner that is protective of human
health and the environment and that minimizes post-
closure releases of hazardous waste or hazardous waste
constituents. When a facility is “clean-closed,” the
performance standard is typically translated into risk-
based quantitative criteria (e.g., concentrations) that
are determined to be protective of human health and
the environment for specific constituents contained in
waste materials, media, and debris. These criteria are
dependent on the future use of the site. Criteria devel-
oped for residential uses are generally more protective
(i.e., have lower allowable concentrations) than those
developed for industrial uses.

2Several of the states addressed in this report that have baseline
incineration sites have specifically identified waste containing
chemical warfare agents as hazardous waste, whereas such waste
is not so identified under the federal hazardous waste laws.
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The RCRA closure regulations further require facili-
ties to submit detailed closure plans as part of the permit
application submitted during the permitting process.
The closure plan becomes part of the permit when the
permit is issued. The closure plan may be amended
for a number of reasons, but such amendments require
facilities to undergo a permit modification. Permit
modifications are designated Class 1, 2, or 3, reflecting
an increase in impact and complexity. Closure plans
are typically amended one or more times as the date for
actual facility closure approaches. Some closure permit
modifications can be processed as Class 1; more com-
plex modifications would be processed as Class 2 or 3.
The decision as to the class of a modification is made by
the regulatory authority, often in consultation with the
permittee. In addition, especially with complex facili-
ties, more detailed closure plans for specific operations
may be prepared that, although not officially part of
the permit, may still require regulatory approval. These
supplemental closure documents may also be modified
as a closure approaches and as it is under way.

Under RCRA regulations, there are also strict require-
ments pertaining to the time allowed for closure, but
extensions to these deadlines may be approved by the
regulatory authority. At the completion of closure,
requirements for submitting certifications and survey
plats must likewise be met. If a facility is closed in con-
formance with a residential performance standard, few if
any limitations are placed on future land use. However,
if a facility is closed in conformance to an industrial
standard, use restrictions may be imposed to prevent uses
requiring a more protective cleanup (e.g., residential).

Both non-agent and agent-contaminated waste mate-
rials, residues, and contaminated media would also be
expected to be generated during closure.? These could
be treated if required and disposed of on-site, reused
or recycled, or sent off-site to a commercial treatment,
storage, and disposal facility (TSDF). For the third
option, off-site TSDF permits would need to be broad
enough to allow acceptance of closure waste. How-
ever, TSDFs would not be obligated to accept agent-
associated* or other waste.

3Review of Chemical Agent Secondary Waste Disposal and Regu-
latory Requirements provides an overview of the types of wastes
that would likely be generated during closure (NRC, 2007).

4The term “agent associated” is used to refer to wastes that re-
tain the agent designation but may, nevertheless, not contain agent
above analytical detection limits.

State-Specific RCRA Closure Requirements

Utah

In adopting EPA’s RCRA regulations, Utah has
imposed more stringent regulations as well as permit
conditions that go beyond regulatory requirements.>-°
Utah has listed “Nerve, Military, and Chemical Agents”
as an acute hazardous waste’ under waste code P999
and “Residues from Demilitarization, Treatment and
Testing of Nerve Military and Chemical Agents” as
a listed waste® under hazardous waste code F999.
Throughout the disposal campaigns at the Chemical
Agent Munitions Disposal System (CAMDS) and the
Tooele Chemical Agent Disposal Facility (TOCDF),
waste materials resulting from treatment of the P999
waste were designated F999. In accordance with the
RCRA “derived from rule,” residues from treatment,
storage, or disposal of F999 waste retain the hazard-
ous waste designation and the code F999. Thus, waste
materials produced during closure, even those that
result from treatment of F999 waste, are required to
be managed as F999 hazardous waste, even if they are
known or suspected to contain no detectable agent or
other hazardous constituents. !0

Utah has also established specific requirements for
“Cleanup Action and Risk-Based Closure Standards.”
Risk-based closure performance standards are deter-
mined on a case-by-case basis for nearly all facility
closures. Closure performance standards for CAMDS
and TOCDF facilities may be expected to be at least
as stringent as those established using a risk-based
approach for nonchemical agent facilities in Utah.

SUtah’s hazardous waste management program was established
by the Utah Solid and Hazardous Waste Act and is defined within
R315 of the Utah Administrative Code (R315-1 to 17, 50, 101 and
102).

6Stringency, in this context, means additional requirements im-
posed on chemical demilitarization facilities that are not imposed
on commercial treatment storage and disposal facilities within Utah
or across the United States.

7Acute hazardous wastes are established under the RCRA pro-
gram at 40 CFR 261.33(e) (Utah R315-2-9).

8F999 is added to the EPA listing of hazardous waste from non-
specific sources found in 40 CFR 261.31 (Utah R315-2-11).

9The derived-from rule is established under the RCRA program
at 40 CFR 261.3 (c)(2)(i) (Utah R315-2-3 (c)(2)(i)).

19While RCRA and the Utah regulations provide means of dem-
onstrating that listed wastes are not hazardous (e.g., “delisting”),
the demonstration required is often arduous and prohibitively
expensive.
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Utah has also established the following permit con-
ditions pertaining to chemical agent operations that go
beyond regulatory requirements.

Agent Vapors. Utah includes as F999 waste those
waste materials that result from actual or potential
contact with agent vapors. Consequently, significant
additional volumes of various types of materials, which
have or potentially have contacted agent vapors even if
such materials present little or no risk, could be regu-
lated as hazardous waste during closure.

Off-Site Restrictions. Utah has placed restrictions on
transport of potentially agent-contaminated waste off-
site for further treatment and/or disposal. In Utah, waste
must be tested against waste control limits (WCLs)
and may only be transported off-site if these levels are
met. The WCLs are based on meeting the Army’s own
criteria for what were initially developed as drinking
water standards for soldiers in the field (U.S. Army,
2007). Even if the WCL is met, these waste materials
are still controlled as hazardous waste under the State
F999 waste code (NRC, 2008).

Waste Characterization. Since the early days of the
chemical stockpile disposal program, the Army, being
concerned primarily with worker exposure to hazard-
ous agent vapor, has applied a vigorous program of
vapor screening of materials and waste that have been
exposed to chemical agents (AR 385-61). In contrast,
RCRA has historically relied upon a system of direct
analysis of waste for constituents of concern (EPA,
2009). Utah has been reluctant to accept vapor screen-
ing as a means of waste characterization for chemical
agent-associated waste. In those limited cases where
Utah has accepted vapor screening, Utah has required
the Army to apply more stringent criteria than the Army
has established. Further, some waste streams—par-
ticularly those that may absorb chemical agent—are
required to have been decontaminated before being
cleared for off-site shipment.

Waste Carbon and P999. Waste carbon that is actu-
ally or potentially contaminated with chemical agent
is designated P999 in Utah. Because P999 waste may
not be sent off-site for treatment and disposal in Utah,
the Army must develop appropriate on-site treatment
options or other means of ensuring that the carbon
does not pose an unacceptable risk during subsequent
handling—including transport, treatment, or disposal.
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Dual Waste Code for Some Materials. Some types of
waste materials, primarily permeable solids, can be dif-
ficult to sample and analyze for chemical agents. A good
example is demilitarization protective ensemble suits for
worker protection, which become waste after being used.
Because of the difficulty in sampling and analyzing these
suits, application of a WCL is problematic for this waste.
In these cases, Utah has required decontamination of the
materials and application of a dual P999/F999 waste
code prior to off-site transport for disposal.

Generator Knowledge. RCRA allows hazardous
waste generators to use generator knowledge in lieu of
actual testing in characterizing waste as hazardous or
not.!' In many cases throughout the commercial sec-
tor, generator knowledge is used to identify waste as
nonhazardous without any testing. Utah has been cau-
tious, and in some cases reluctant, to allow CAMDS
and TOCDF the use of generator knowledge for char-
acterizing agent-related waste. A good example would
be using generator knowledge to classify waste as
non-F999 based on its having had a low potential for
contact with agent vapors.!2

Arkansas

In adopting EPA’s RCRA regulations, Arkansas
retained its primary structure, but in contrast to Utah,
the state did not specifically designate chemical agents
or chemical munitions as listed hazardous waste.!?
Hence, in Arkansas, chemical agent-associated waste
is considered hazardous waste only if it exhibits any of
the four hazardous waste characteristics (ignitability,
corrosivity, reactivity, or toxicity; 40 CFR 261.21 to
261.24)1415 Arkansas has not imposed more stringent

HReview of Chemical Agent Secondary Waste Disposal and
Regulatory Requirements (2007) provides a definition and discus-
sion on generator knowledge (NRC, 2007).

2Testing of wood pallets upon which chemical munitions or bulk
agents are stored is typically required even if there is no history of
agent leaking from the munitions or bulk containers.

13Arkansas’s hazardous waste management program was estab-
lished by Regulation 23.

4Generators may manage waste as hazardous even if the waste
would not otherwise be classified as hazardous waste.

15The most likely characteristic that would be exhibited would be
the RCRA toxicity characteristic, which assesses leachable hazard-
ous constituents. Of these constituents, arsenic and mercury are of
primary concern. Additional characteristics that may be exhibited
would include corrosivity and, potentially, reactivity.
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regulations but has established some permit conditions
pertaining to chemical agents or associated wastes.

At the Pine Bluff Chemical Agent Disposal Facil-
ity (PBCDF), generator knowledge, quality assurance
data, and analytical data are used to make waste charac-
terization decisions. Under the PBCDF RCRA permit,
the term “chemical agent free”!6 refers to contaminated
or potentially contaminated solid materials that have
been tested per the PBCDF waste analysis plan and
found to be below the WCL or to have been thermally
treated for 15 minutes at 1,000°F (NRC, 2008).

Under the waste analysis plan, PBCDF waste may be
shipped off-site for treatment and/or disposal only if:

» The waste was not agent contaminated (as deter-
mined via generator knowledge), or

» The waste meets the criteria established in the
permit for chemical agent free, or

o The waste has been decontaminated and/or moni-
tored to a vapor concentration less than the short-
term exposure limit (NRC, 2008).17

Under the PBCDF waste analysis plan, waste from
areas where a chemical agent may be present must be
sampled and tested for the agent, or the vapor space
above the waste must be monitored. For those batches
of waste characterized by sampling and testing, extrac-
tion and analysis is used to determine agent concentra-
tions. Agent vapor space monitoring is performed by
placing wastes in a container (e.g., drum or bag) and
allowing at least 4 hours at 70°F for the agent vapor
in the headspace of the container to reach equilibrium.
After equilibrium is reached, the concentration of agent
in the headspace is measured. The specific methodol-
ogy to be used for characterization analysis of wastes is
detailed in the waste analysis plan (NRC, 2008).

Alabama

In adopting EPA’s RCRA regulations, Alabama
retained the primary structure of the RCRA regulations
and adopted EPA’s regulations verbatim, with minor

16The term “chemical agent free” or “agent-free” is used by some
of the stockpile states to refer to waste that is “safe” for off-site han-
dling. The committee notes that in reality, these terms denote waste
materials that have been treated to a certain specification or tested
and shown not to contain agent above analytical detection limits.

17The short-term exposure limit is defined as an exposure that is
acceptable for a short period of time, i.e., averaged over 15 minutes
without a respirator.

administrative changes only.!'® Alabama has not specifi-
cally designated chemical agents or chemical munitions
as listed hazardous waste. Hence, in Alabama, chemical
agent-associated wastes would be considered hazardous
waste only if they exhibited any of the four hazardous
waste characteristics (40 CFR 261.21 to 261.24).19-20
Alabama has not imposed more stringent regulations,
but the state has established some permit conditions
pertaining to chemical agents or associated waste.

The Anniston Chemical Agent Disposal Facility
(ANCDF) RCRA permit defines “chemical agent
free”?! as agent concentrations below the lowest
achievable method detection limits as specified by
the analytical method used. In addition, any waste at
ANCDF not exposed to chemical agent liquids or to
vapors >1 STL (short-term limit) is nonhazardous with
respect to chemical agent and may be disposed of oft-
site as nonhazardous waste (NRC, 2008). 22

Under the ANCDF waste analysis plan, EPA’s ana-
lytical methods must be used to determine whether a
sample contains agent or other hazardous constituents.
Methods developed by the Army are used for materials
with no prescribed EPA methods. The ANCDF waste
analysis plan allows agent vapor monitoring for non-
porous waste that has been exposed to liquid chemical
agent or chemical agent vapor concentrations >1 STL
to determine suitability for off-site shipment (NRC,
2008).

Under the ANCDF waste analysis plan, specific
waste streams are screened based on the STL values for
each chemical agent. If the concentrations are <1 VSL
(vapor screening level) this waste may be shipped to
an off-site TSDF. Only nonporous solid waste that is

18Alabama’s hazardous waste management program is defined
within the Alabama Administrative Code 335-14-2.

19Generators may manage wastes as hazardous even if the waste
would not otherwise be classified as hazardous waste.

20The most likely characteristic that would be exhibited would
be the RCRA toxicity characteristic, which assesses leachable
hazardous constituents. Of these constituents, arsenic and mercury
would be of primary concern. Additional characteristics that may be
exhibited would include corrosivity and, potentially, reactivity.

21The term “chemical agent free” or “agent-free” is used by some
of the stockpile states to refer to waste that is “safe” for off-site
handling. The committee notes that in reality these terms denote
waste that has been treated to a certain specification or tested and
shown to not contain agent above analytical detection limits.

22The STL is a concentration typically expressed in terms of
milligrams of a specific agent per cubic meter of air. It is similar
in numerical value to the exposure limits found in the STEL but
without the 15-minute time component.
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combustible in nature or objects that do not possess
occluded spaces may be evaluated for off-site disposal
using chemical agent vapor monitoring (NRC, 2008).

In addition to RCRA requirements, Alabama—TIike a
number of other states—recently established a program
of uniform environmental covenants. The Alabama
Uniform Environmental Covenants Act places limita-
tions on properties undergoing a response action (e.g.,
RCRA closure) that are not approved for unrestricted
use.?3 Specifically, this statute includes a new “Uni-
form Environmental Covenants Program” that places
statewide restrictions on hazardous waste facilities that
chose to close according to an industrial standard.?*
This new law might force the facility to close according
to residential standards.?

Oregon

Oregon has specifically listed chemical agents as
acute hazardous waste, similar to what Utah has done.2°
Blister agents such as mustard are listed under the haz-
ardous waste code P998, and nerve agents, including
GB and VX, are listed under the hazardous waste code
P999. The Oregon regulations also list residues from
demilitarization, treatment, and testing of blister agents
as F998, and residues from demilitarization, treatment,
and testing of nerve agents as F999.

The Oregon regulations define “demilitarization” as
all processes and activities at both the Umatilla Chemi-
cal Depot (UMCD) and the Umatilla Chemical Agent
Disposal Facility (UMCDF) from the start of operations
through approval for closure of all permitted treatment,
storage, and disposal units and facility-wide correc-
tive actions. Also, as with Utah, the derived-from rule
would render waste produced during closure—includ-
ing waste that result from treatment of listed waste—to
be managed as listed hazardous waste materials even if

23Question-and-answer session between Timothy Garrett, Site
Project Manager, ANCDF, and the committee, January 27, 2010.
24The Uniform Environmental Covenant Act is a uniform
statute drafted by the National Conference of Commissioners on
Uniform State Laws and enacted by Alabama in 2007. The statute
is available online at http://www.law.upenn.edu/bll/archives/
ulc/ueca/2003final.htm. The Alabama Uniform Environmental
Covenant Program is available online at http://www.adem.state.
al.us/alEnviroRegLaws/files/DivSEff5-26-09.pdf.
25Question-and-answer session between Timothy Garrett, Site
Project Manager, ANCDF, and the committee, January 27, 2010.
26Qregon has incorporated by reference the federal RCRA regu-
lations under Oregon Administrative Rules [OAR] 340-101-0001.
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they are known or suspected to contain no detectable
agent or other hazardous constituents.

Oregon has also established some permit conditions
that go beyond regulatory requirements. Examples of
these additional requirements are described below.

Off-Site Restrictions. The Umatilla facility’s haz-
ardous waste permit requires on-site treatment of all
agent-contaminated waste. This would include waste,
residues, and media generated during closure.

“Agent-Free” Criterion. Oregon also has an “agent-
free” criterion.?” Permit compliance concentration
(PCC) limits establish levels at which waste materials
are considered agent-free. At UMCDF, waste must
be agent-free prior to shipment to an off-site TSDF.
Samples are considered agent-free if they are below the
established PCCs. The PCCs included in the UMCDF
permit were selected based on (1) generator knowledge;
(2) similar waste streams at Johnston Atoll Chemical
Agent Disposal System and TOCDF; and (3) RCRA
land disposal restriction (LDR) requirements.?® These
PCCs are lower than the WCLs for GB and VX used
at CAMDS and TOCDF, and they may be difficult to
achieve using the existing analytical methods for some
closure waste, residues, and media (see Chapter 6 for a
discussion on analytical issues) (NRC, 2008).

Analytical Methods. At UMCDEF, PCCs are deter-
mined using EPA’s analytical methods unless another
methodology is approved. For detection of chemical
agents, UMCDF standard operating procedure UM-
0000-M-559, “Agent Extraction and Analyses,” is
used. This procedure tailors the analysis to the sample
matrix (NRC, 2008).

2TThe term “chemical-agent-free” or “agent-free” is used by
some of the stockpile states to refer to wastes that are “safe” for
off-site handling. The committee notes that in reality these terms
denote waste that has been treated to a certain specification or
tested and shown to not contain agent above analytical method
detection limits.

281n short, the LDR program requires hazardous wastes to be
treated prior to land disposal to reduce the toxicity or mobility of
hazardous constituents and minimize short- and long-term threats
to human health and the environment. Regulations establishing
LDR requirements may be found in 40 CFR Part 268. A summary
of the LDR program is available online at http://www.epa.gov/osw/
inforesources/pubs/hotline/training/1dr05.pdf.
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Background Concentrations Closure Performance
Standard. The RCRA permit issued to UMCD goes
beyond conventional residential standards to require
the entire depot to be closed to background concentra-
tions. Closure according to background can be con-
sidered a type of residential standard; however, it is a
considerably more stringent requirement.

The Influence of Base Realignment and Closure

Since the late 1980s, many military installations
or portions of installations have been identified for
realignment or closure under BRAC. BRAC is the pro-
cess the Department of Defense uses to “reorganize its
installation infrastructure to more efficiently and effec-
tively support its forces, increase operational readiness
and facilitate new ways of doing business.”?’

Two of the four baseline disposal facilities addressed
in this report are impacted by BRAC:

e The Deseret Chemical Depot is expected to be
closed under BRAC. However, much of the facil-
ity, including storage igloos, land, and remaining
structures, is expected to be turned over to the
Tooele Army Depot.3?

e The Umatilla Chemical Depot, which includes
the UMCDEF, will close entirely under BRAC.
The Umatilla Army Depot Re-Use Authority
(UMADRA), which includes representatives
from Umatilla County, Morrow County, the
Port of Umatilla, the Confederated Tribes of the
Umatilla Indian Reservation, and two ex officio
state representatives, have proposed a reuse plan
that would divide the property among the Oregon
National Guard (20 percent), the U.S. Fish and
Wildlife Service (40 percent), and the reuse
authority (40 percent). Under this plan, UMCDF
would be transferred to UMADRA and then to the
Port of Umatilla for future use.

The Pine Bluff Chemical Activity (PBCA) and
Anniston Chemical Activity (ANCA) are not subject
to BRAC. Following closure, the land and remaining
structures at the disposal facilities will be returned to
the respective installations.

29Additional information is available online at http://www.
defense.gov/brac/definitions_brac2005.html. Last accessed June
9, 2010.

30 This is the current status and may be subject to change.

Facility closure under RCRA can be conducted
independent of BRAC realignment or closure, but it is
important to consider future land use during the RCRA
closure process. Hence, RCRA closure and BRAC
should be coordinated. Because PBCA, ANCA, and
Deseret Chemical Depot (DCD) will remain under
Army control, there is more flexibility at these instal-
lations to consider a range of closure performance
standards under RCRA; an industrial or residential
standard may be pursued depending on situation-
specific factors.

At UMCD, which will be transferred from Army
ownership, closure according to residential standards
may preserve a broader range of future land uses, to
include farming or residential use. Even at UMCD, if
portions of the land are to be slated for post-closure
industrial use, closure to an industrial performance
standard will be significantly less expensive and time-
consuming. As indicated above, however, Oregon cur-
rently requires that the closure performance standard
over the entire installation be set based on background
concentrations.

PROGRAMMATIC CONSTRAINTS

Risk During Closure Versus Risk During Operations

The committee noted in its letter report (Appendix
A) that the restrictive practices the state regulatory
agencies have used to address disposal operations at the
baseline chemical agent disposal facilities were devel-
oped early in the program, when there was little experi-
ence with managing the risks of materials exposed to
agent. During closure, in contrast with agent disposal
operations, there will not be any significant amount of
agent present and there will be no munitions. Thus, the
risks to human health and the environment from agent
and munitions will be significantly reduced during clo-
sure from those that existed during disposal processing.
This difference in risk represents a fundamental change
in the working environment that will exist during clo-
sure operations from that which will have existed dur-
ing disposal operations, and it should provide a basis
for considering less restrictive practices.

Finding 5-1. The risk of exposure to chemical agents
during closure operations is expected to be significantly
lower than what potentially could be encountered
during agent disposal operations. The regulatory stan-
dards and practices used by some states for controlling
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agent-contaminated materials were developed early
in the program, when there was little experience with
managing the risks of materials exposed to agent.
These practices and regulations may be more restrictive
than necessary considering the nature of the closure
operations.

Recommendation 5-1. The Army should evaluate
the reduced risk of exposure to chemical agents and
their degradation products from closure operations
and waste materials in view of restrictive regulatory
practices. It should also consider negotiating with the
regulatory community to obtain less restrictive, but still
safe, regulatory practices that allow for more efficient
closure operations.

One of the means by which less restrictive but
still protective requirements could be employed is by
allowing more use of generator knowledge for waste
classification during closure activities. As indicated
previously, some states have been cautious, and in some
cases reluctant, about allowing stockpile facilities to
use generator knowledge for characterizing agent waste
as either hazardous or nonhazardous.

Another means to tailor current regulatory practices
to the conditions likely to be faced during closure is to
use tailored (more appropriate) off-site requirements.
As indicated above, most of the baseline facility RCRA
permits restrict off-site transportation of chemical
agent-associated waste. Instead they require that such
waste meet state-specific “agent-free” criteria prior to
being able to be released off-site.

Because closure does not normally entail dealing
with materials having significant agent contamination,
tailoring requirements to closure conditions such as
those described above can be a reasonable approach
that does not compromise worker or public safety.
By focusing on controlling only wastes that are truly
hazardous, the Army could actually strengthen its
protection of human health and the environment. Fur-
thermore, if regulatory authorities and the public are
made aware of the Army’s intention to focus on waste
that is truly hazardous, they are likely to support such
a strategy.

One additional area where more tailored practices
can be employed during RCRA closure is in allowing
baseline facilities to delay the formal commencement
of closure operations until building environmental
controls (e.g., operation of the carbon filter system)
have been turned off and actual demolition begins. In
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this manner, gutting of the internal units and equipment
within the building may be conducted as a normal part
of facility operations, rather than as part of the official
closure. By keeping the building environmental con-
trols in place during this dismantlement and removal
period, protection of human health and the environment
is maintained. This practice was conducted success-
fully during closure of the Aberdeen Chemical Agent
Disposal Facility (Bechtel Aberdeen, 2007).

Finding 5-2. Closure will not entail dealing with sig-
nificant amounts of agent or munitions. The following
are examples of practices that can be used to expedite
the overall closure schedule while still protecting
human health and the environment: (1) expanded use
of generator knowledge for waste characterization;
(2) relaxed requirements for off-site transportation
of agent-associated waste; and (3) allowing baseline
facilities to initiate formal closure after building
environmental controls (operation of the carbon filter
system) have been turned off.

Recommendation 5-2. The Army should consider
proposing to regulatory authorities and the public (1)
expanded use of generator knowledge for waste char-
acterization; (2) more tailored requirements for oft-site
transportation of chemical agent-associated waste; and
(3) allowing baseline facilities to initiate formal closure
after building environmental controls (operation of the
carbon filter system) have been turned off.

There are other areas as well where more tailored
practices may be employed during closure while still
protecting human health and the environment. The
committee has not examined all of these but urges
the Army to continually identify additional means of
replacing prior regulatory practices that may have
been needed during operations with more tailored and
appropriate practices.

RCRA Closure Plan and Decommissioning
Work Packages

Closure operations are already under way for
CAMDS, and planning for closure is under way at
TOCDEF. The approach taken has been to prepare a
general RCRA closure plan that describes the type
of closure and standards that will be established, but
to rely on decommissioning work packages (DWPs)
that are not part of the permit for closure of individual

Copyright © National Academy of Sciences. All rights reserved.



Review of Closure Plans for the Baseline Incineration Chemical Agent Disposal Facilities

42 REVIEW OF CLOSURE PLANS FOR THE BASELINE INCINERATION CHEMICAL AGENT DISPOSAL FACILITIES

units and processes.?! In this manner, the most signifi-
cant regulatory issues associated with closure can be
settled during the development of the official closure
plan that becomes part of the permit. Issues that may
be associated with individual units or processes can
thus be addressed outside the permitting process, sav-
ing time and preserving the overall closure schedule.
For example, at CAMDS, the Army anticipates that as
many as 15 individual DWPs will ultimately be nec-
essary. The practice of developing a general closure
plan that is part of the permit and DWPs for individual
units or processes provides a means to save time and
preserve the overall closure schedule.

Managing Permit Modifications Associated with Closure

The above process for establishing a general RCRA
closure plan and associated DWPs notwithstanding,
permit modifications may still be needed prior to or
during the closure process. Class 1 RCRA permit modi-
fications are far less arduous and time-consuming than
are Class 2 or 3 RCRA permit modifications.

Where permit modifications associated with closure
are necessary, the Class 1 modifications would expedite
the approval process. Where Class 2 or 3 permit modi-
fications are anticipated, discussion of the nature of the
modification and processes and procedures with the
regulatory authority well before anticipated submittal
would facilitate processing and approval.

Closure Performance Standards

Without exception, the Army’s baseline chemi-
cal agent disposal facilities addressed in this report
have indicated that they will pursue a clean closure
approach.3? It appears, however, that closure for
PBCDF, CAMDS, and TOCDF will be based on
an industrial closure standard, whereas closure for
ANCDF and UMCDF will be based on a residential
standard. Further, it appears that the residential stan-
dard at UMCDF will go beyond conventional levels
protective of the general population by requiring clo-
sure to background, a much more stringent standard.
Each facility is also unique with respect to the way
the respective state authorities determine how agents,

31 Among the baseline facilities, a variety of terms have been used
to refer to the same type of document.

32Question-and-answer session between Timothy Garrett, Site
Project Manager, ANCDF, and the committee, January 27, 2010.

degradation products, and other hazardous constituents
that will be constituents of concern are regulated.

Finding 5-3. While it appears that the type of risk-
based approach to closure (industrial versus residential)
has been established by the Army at each baseline
chemical agent disposal facility site, the Army has not
negotiated quantitative closure standards for wastes,
residues, and media with the regulatory authorities at
all of these facility sites.

Recommendation 5-3. At the earliest possible time,
the Army should initiate the negotiation process with
state regulatory authorities at all the baseline chemi-
cal agent disposal facility sites for the closure per-
formance standards that will need to be achieved in
wastes, residues, and media, with the goal of having
these standards established well before facility closure
actually begins.

Analytical Methods

Each facility will have to identify analytical meth-
ods that will be used for measuring compliance with
closure standards in waste, residues, and media. Some
modifications to analytical methods may be needed to
achieve state-specific closure standards, and in these
cases, significant time and effort may be required for
the technical development of these modifications and
for achieving regulatory authority approval. Analytical
methods are discussed further in Chapter 6.

Secondary Waste

Secondary waste materials are those that were gen-
erated in the course of agent disposal processing and
similar waste that may be generated during closure
activities. In addition to waste from demolition, large
amounts of secondary waste may need to be managed
during closure. These waste materials may contain
agent degradation products and/or RCRA hazardous
constituents; they may also exhibit RCRA character-
istics. Common hazardous constituents that may be
encountered include polychlorinated biphenyls (PCBs)
and a variety of heavy metals, including arsenic and
mercury.3? Activated carbon that is contaminated with
mercury will present a special challenge, a topic dis-

33PCB disposal is regulated under the Toxic Substances Control
Act (40 CFR Part 761).
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cussed in detail in two prior NRC reports (NRC, 2008,
2009). Any of the four RCRA characteristics (ignitabil-
ity, corrosivity, reactivity, or toxicity; 40 CFR 261.21
to 261.24) may also be exhibited.

For secondary waste to be treated or disposed of, it
must be properly characterized. As with many RCRA
requirements, regulatory authority acceptance will be
required for a determination of the adequacy of proper
characterization. In addition, secondary waste will need
to be sufficiently characterized to allow acceptance by
off-site TSDFs. Disagreements between the Army and
the regulatory authority, or between the Army and off-
site TSDFs, as to what constitutes proper waste charac-
terization have the potential to cause significant delays.
In addition, even if the permit issued for off-site TSDFs
allows acceptance of the Army’s secondary waste, the
off-site TSDF must agree to accept the waste.

Finding 5-4. The determination of the adequacy of
proper characterization of secondary waste will require
regulatory authority acceptance and acceptance by
the off-site treatment, storage, and disposal facility.
Disagreements about what constitutes proper waste
characterization have the potential to cause significant
delays.

Recommendation 5-4. The Army and the regulatory
authority, as well as off-site treatment storage and
disposal facilities, should agree on the definition and
process for proper characterization of secondary waste
well before closure operations begin.

Land Disposal Restrictions for Waste, Residues,
and Media

RCRA LDR requirements impact many of the waste
materials, residues, and media that will be generated
during closure, as well as the legacy waste from storage
activities and other secondary waste present at TOCDF.
These waste materials may contain RCRA hazardous
constituents at levels above LDR treatment require-
ments and may exhibit RCRA characteristics as well,
thus requiring treatment prior to ultimate disposal. The
Army has already established a classification system
for segregating waste produced during closure, but it is
unclear whether this system adequately considers treat-
ment requirements for LDR compliance (URS, 2008).

Finding 5-5. Large amounts of many different types
of waste, residues, and media will be generated dur-
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ing closure activities along with any preexisting (i.e.,
legacy) and newly generated secondary waste. These
materials may contain agent degradation products, but
in many cases they will also exhibit Resource Conser-
vation and Recovery Act (RCRA) characteristics and
therefore will be subject to the RCRA land disposal
restrictions.

Recommendation 5-5. To facilitate handling and
disposal of closure waste, residues, and media, as well
as any legacy and newly generated secondary waste,
the Army should ensure that its tracking system facili-
tates segregation of materials by subsequent handling,
including land disposal restriction treatment require-
ments, so as to avoid unnecessary handling, including
treatment, of some waste types.

Reuse or Recycling of Valuahle Materials

In accordance with federal acquisition regulations,
U.S. government property at the baseline chemical
agent disposal facilities to be closed must be evalu-
ated for suitable reuse at another Chemical Materi-
als Agency (CMA) facility, some other government
facility, or commercial facilities. For example, at the
Aberdeen Chemical Agent Disposal Facility (ABCDF),
where bulk stocks of mustard agent were destroyed
using a chemical neutralization (hydrolysis) process,
reusable nonagent-contaminated equipment (e.g., Min-
iature Chemical Agent Monitoring Systems, laboratory
instruments, electrical equipment) was transferred to
other facilities. Generator knowledge was used to iden-
tify materials that were not contaminated with agent
(Bechtel Aberdeen, 2007).

Materials known to have been exposed to liquid
agent or agent vapor, along with reusable or recyclable
items, are decontaminated and tested using monitoring
and analytical methods as required by the RCRA permit.
Scrap metal is of particular concern due to its intrinsic
value. At ABCDF, scrap material was segregated for
recycling. This included uncontaminated structural
steel, steel rebar, electrical conduit, wire, pipe supports
and racks, and vent piping. Approximately 1,350,000
pounds were recycled (Bechtel Aberdeen, 2007).

The steel from the hydrolysate storage tanks at
ABCDF was also evaluated for scrap potential. The
tanks were cleaned, but an odor caused by the presence
of residual hydrolysate was present. Consequently,
the recycling alternative was not considered viable
(Bechtel Aberdeen, 2007). Attempts were also made
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to release titanium tanks at ABCDF to allow recycling.
The tanks were tented and monitored to determine if
they would meet the general population limit (GPL)
for mustard agent. However, monitoring results were
invalidated by interference from residual hydrolysate,
which prevented detection of mustard agent at the GPL.
Further attempts to address the residual hydrolysate or
monitor other tanks were not attempted (Bechtel Aber-
deen, 2007). The steel from the ABCDF hydrolysate
storage tanks and the titanium tanks were landfilled as
hazardous waste. In both cases, the committee believes
that decontamination is effective in reducing chemical
agents to below levels of concern.

In view of the above experience, the Army has
expressed concern that the costs associated with release
of materials for reuse and recycling may outweigh
the benefits of reuse or recycling.3*3> The committee
believes that it would be best if valuable materials could
be decontaminated as needed and reused or recycled.
At TOCDF and CAMDS, for example, the Army has
indicated that it intends to dispose of all materials from
the facility as hazardous waste even after decontamina-
tion. The committee believes it is undesirable to take
up valuable landfill space with materials that can be
recycled and have so much intrinsic value.

Regulatory authorities and the public are typically
in favor of recycling, although they may show some
reluctance to accept recycling of materials from chemi-
cal agent disposal facilities. However, if the public is
made aware of the environmental and financial ben-
efits associated with reuse and recycling of materials,
including those that have been safely and thoroughly
decontaminated, it is likely to support strategies that
distinguish such materials from those that are truly
hazardous and thus require treatment and subsequent
disposal in a hazardous waste landfill. While members
of the public might not necessarily be interested in
helping the Army save money, they are likely to support
strategies that divert materials from disposal through
reuse or recycling, as long as it can be determined that
such practices are safe. In addition, the Army must
ensure that materials sent for reuse and recycling are
safe for the receiving facility to handle, and that future
uses of reused and recycled materials are safe as well.

34Amy Dean, Environmental Engineer, Project Manager for
Elimination of Chemical Weapons, CMA, “Status of Overall Clo-
sure Planning,” presentation to the committee, March 1, 2010.

35Question-and-answer session between Brian O’Donnell, Chief,
PMCSE Secondary Waste and Closure Team, CMA, and the com-
mittee, March 2, 2010.

Maintaining the confidence of recyclers, regulatory
authorities, and the public in the safety of materials
received for recycling, as well as in reused or recycled
products, is an important consideration.

Finding 5-6. Many valuable high-grade materials,
including steel, tungsten, and other metals, are used
within or constitute materials of construction at base-
line chemical agent disposal facilities. At some of these
facilities, the Army is planning to dispose of these
materials in hazardous waste landfills.

Recommendation 5-6. To the extent feasible, the Army
should avoid landfilling valuable materials and instead
seek ways in which to reuse or recycle them. Where
chemical analyses are insufficient to definitively classify a
material as below levels of concern (as was the case with
tungsten at the Aberdeen Chemical Agent Disposal Facil-
ity), generator knowledge can provide additional assur-
ance that materials are suitable for reuse or recycling.

State Resources

State regulatory permitting and oversight programs
have been losing staff to other programs as the baseline
chemical agent disposal facilities approach and begin
the closure process. At the same time, state resources are
required to review and approve closure plans, DWPs,
data produced during closure, permit modifications,
administrative closure documents, and similar activities
both from within the baseline facilities and from non-
military industrial facilities in each state that compete
for the attention of state regulatory personnel.

Finding 5-7. A general concern for each of the base-
line chemical agent disposal facility sites is that state
resources for reviewing and approving closure plans
and related documentation and data are expected to
become limiting factors for achieving timely review
and approval by the respective regulatory authorities.

Recommendation 5-7. The Army should coordinate
upcoming review and approval needs concerning clo-
sure plans and documentation of the baseline chemical
agent disposal facilities with state regulatory authori-
ties well ahead of anticipated deliveries to them.

The Army schedules for facility closures assume a
3-month period for administrative closure. The Army
defines administrative closure as “everything associated
with Contract closeout, including everything necessary
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to close out facility permits (most notably administra-
tive closeout of the RCRA Permit).”3¢ Administrative
closeout includes the period required by state regulatory
authorities to review all data and information provided
to show that closure performance standards have been
achieved and to officially approve the facility as closed.
While administrative closure of 3 months is possible,
experience at complex facilities, such as the Johnston
Atoll Chemical Agent Disposal System, shows that
administrative closure can take considerably longer.

Finding 5-8. The time allotted by the Army for admin-
istrative closure of the baseline chemical agent disposal
facilities is just three months. The committee believes
that the assumption of three months for achieving
administrative closure is unlikely to be achieved.

Recommendation 5-8. The Army should be more
realistic about the time it assumes will be needed for
administrative closure of the baseline chemical agent
disposal facilities.

Disposition of Igloos Used to Store Chemical
Munitions and Waste

In addition to closure of the baseline destruction
facilities, the igloos used to store chemical muni-
tions and other wastes (e.g., secondary wastes, legacy
wastes) will also need to undergo closure in accor-
dance with RCRA requirements. Storage (and the
closure/disposition of igloos) is conducted under an
entirely different RCRA permit from the chemical
agent destruction facility. In some cases, ownership
of the storage permit is by a different entity within the
Army. For example, the permit for the igloos used to
store munitions and other wastes at TOCDF belongs to
DCD. RCRA closure of the igloos is beyond the scope
of the committee because closure of the chemical agent
disposal facilities does not entail closure of the igloos
used for storage. Nevertheless, it would be prudent
for the Army to prepare closure planning documents
that pertain specifically to closure of the igloos and to
obtain regulatory authority approval for these planning
documents well before chemical agent disposal facility
closure begins, so as not to impede closure plans for the
chemical agent disposal facilities. In addition, closure
activities should be coordinated.

36Personal communication between Raj Malhotra, Deputy, Mis-
sion Support Directorate, CMA, and Nancy Schulte, study director,
April 27, 2010.
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INSTALLATION-SPECIFIC CONSTRAINTS

As a result of discussions between the committee
members and Army personnel and contractors at the
baseline facilities, as well as with CMA staff, a number
of installation-specific issues were identified.

CAMDS/TOCDF

Legacy Waste

At DCD there are 2 million pounds of legacy waste
stored within storage igloos adjacent to TOCDF that
will require disposition as part of closure (Appendix
A). These materials may contain agent degradation
products and/or RCRA hazardous constituents; they
may also exhibit RCRA characteristics. Common haz-
ardous constituents that may be encountered include
PCBs and a variety of heavy metals, including arsenic
and mercury.?’ This waste may also contain asbestos.
Any of the four RCRA characteristics (ignitability,
corrosivity, reactivity, or toxicity; 40 CFR 261.21 to
261.24) may also be exhibited.

Most of the legacy waste was generated from opera-
tion of the chemical agent storage facilities at DCD
over a period of decades. Examples include discarded
samples, spill cleanup materials, used personal protec-
tive equipment, metals parts, laboratory and sampling/
monitoring waste, and used/spent decontamination
fluids. The exact nature of the materials may be uncer-
tain. However, in order for this waste to be treated/dis-
posed of, proper characterization will be necessary. As
with other secondary waste, the determination of the
adequacy of proper characterization for legacy waste
will require regulatory authority acceptance. Potential
disagreements between the Army and the regulatory
authority on what constitutes proper waste character-
ization for these wastes may cause significant delays.
Many of the drums containing these wastes are expected
to be heterogeneous in content, and physical sampling
and analysis of the materials in all of the drums would
entail a significant effort with substantial delay. The
Army has already experienced delays in similar situa-
tions: at TOCDF, for instance, it had to sample many
of the ton containers and munitions containing mustard
agent to ensure that levels of arsenic and mercury were

¥The committee recognizes that As is formally a metalloid.
However, it is treated in a manner similar to other metals by the
EPA. Thus, in the vernacular of this report, As is referred to as a
metal.
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adequately determined. Similar delays were also expe-
rienced in sampling the M55 rocket shipping tubes for
the presence of PCBs.

Finding 5-9. Disagreements between the Army and the
regulatory authority on what constitutes proper waste
characterization of legacy waste at Deseret Chemical
Depot has the potential to cause significant delays for
facility closure at the site.

Recommendation 5-9. The Army and the regulatory
authority should agree on the definition and process for
proper characterization for legacy wastes at Deseret
Chemical Depot well before closure of the Tooele
Chemical Agent Disposal Facility begins.

PBCDF

There appear to be no significant facility-specific
regulatory closure constraints at PBCDF. By monitor-
ing closure progress carefully the Army will be ready
to respond to unforeseen challenges.

ANCDF

Uniform Environmental Covenant Provision
in Alabama

The one significant facility-specific constraint for
ANCDF deals with the new Uniform Environmental
Covenant provision in Alabama, as discussed earlier.
The Army recognizes that it must comply with the
requirements of the Alabama Uniform Environmental
Covenant Act in closing ANCDF.

Prior to the Restricted Covenant provision, the Army
had planned to close the ANCDF site according to an
industrial standard. This would make sense since the
property would revert back to Anniston Army Depot.
However, the Army has indicated that this new law
might force the facility to close against residential
standards simply because of the internal Army legal
hurdles that ANCDF would face were it to pursue an
industrial standard in compliance with the provisions
of the covenant.’®

The committee did not further investigate the internal
legal hurdles that would be encountered by the Army

38Question-and-answer session between Timothy Garrett, Site
Project Manager, ANCDF, and the committee, January 27, 2010.

were it to pursue an industrial standard in compliance
with the covenant. However, the committee did become
aware of a similar situation at Redstone Arsenal, also
located in Alabama and subject to the covenant. Spe-
cifically, the Record of Decision for a cleanup action
at Redstone Arsenal establishes an institutional control
to prohibit future use of the property for anything other
than industrial use.? Thus, at the Redstone Arsenal,
industrial use was selected for the remedy even though
the facility was subject to the Alabama Uniform Envi-
ronmental Covenant Act.

Finding 5-10. The Army recognizes that it must comply
with the requirements of the Alabama Uniform Envi-
ronmental Covenant Act in closing ANCDF. Although
the Army initially considered closing ANCDF against
an industrial standard, due to the provisions of the
covenant and the internal legal hurdles it would face
in pursuing an industrial closure standard, the facility
may instead choose to close against a residential stan-
dard. Closing against a residential standard may entail
a significant increase in closure costs and may extend
the closure schedule as well.

Recommendation 5-10. The Army should weigh
the costs and benefits of legal requirements and use
limitations associated with closure against an industrial
standard with those associated with cleanup against a
more stringent residential standard. If the costs and
benefits of closure against a residential standard out-
weigh those associated with an industrial standard, the
Army should endeavor to overcome its internal legal
hurdles and close ANCDF according to an industrial
closure standard.

UMCDF

Closure Performance Standards (Agent-Free Criterion
and Background)

As indicated previously, the RCRA permit issued to
UMCD goes beyond conventional residential standards
to require the entire depot to be closed according to back-

39Record of Decision for RSA- 122, Dismantled Lewisite Manu-
facturing Plant Sites; RSA-056, Closed Arsenic Waste Ponds; and
RSA-139, Former Arsenic Trichloride Manufacturing; Disposal
Area, Operable Unit 6 the Redstone Arsenal in Alabama at 1-2
(September 2009), available online at http://www.epa.gov/region4/
waste/npl/nplal/redsrod122_056_arpond_139_ou6_artri.pdf.
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ground concentrations. There is no explicit state regula-
tion that requires such a stringent cleanup level. More-
over, this background closure requirement is inconsistent
with EPA regulations and with the risk-based closure
requirements established by other states under RCRA.

The standard for the agents and the breakdown prod-
ucts of concern would be based on the limits of detection
of the analytical methods used, in concert with any ana-
lytical interference or similar challenges posed by closure
waste, residues, and media. As indicated previously, the
Army will need to carefully evaluate the analytical meth-
ods that will be used for the types of wastes, residues, and
media that will be produced during closure.

A complication that affects the state’s requirement
that UMCD be closed to background concentrations is
that, like many military installations across the United
States, UMCD is in the middle of a cleanup program for
its hazardous waste sites. Umatilla was placed on the
Comprehensive Environmental Response, Compensa-
tion and Liability Act National Priorities List (Superfund
site) in 1987, and a Federal Facility Agreement was
signed in 1989. Records of Decision have been signed
and a number of remediations are ongoing. In addition,
several areas within UMCD may be contaminated with
munitions and explosives of concern and are subject to
the Army’s Military Munitions Response Program.*0

The areas undergoing long-term cleanup will likely
need to remain under federal control until the state and
stakeholders agree that cleanup requirements have been
met. Such requirements may include leaving wastes or
contamination in place with long-term monitoring and
institutional controls. If areas remain contaminated,
enforceable long-term institutional controls limiting
access and use will need to be put into place.

Finding 5-11. OId disposal sites and contaminated
areas at Umatilla Chemical Depot, including landfills
and areas with munitions and explosives of concern,
will be difficult to close according to a background
closure performance standard and may remain on the
installation well beyond the completion of closure of
the Umatilla Chemical Agent Disposal Facility.

Recommendation 5-11. The Army should open a
dialogue with Oregon regulatory authorities and other
stakeholders to separate Umatilla Chemical Depot areas

40Additional information is available online at http://deparc.
xservices.com/PDFS/Installation_Summary/OR021382091700.
pdf. Last accessed June 9, 2010.
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subject to cleanup under the Federal Facility Agreement
and the Army’s Military Munitions Response Program
from other areas of the depot that can be closed to meet
the background performance standard.

BRAC

Another complication particularly relevant to UMCD
is that the installation will close entirely under BRAC,
with its land and remaining facilities most likely being
turned over to a local land-reuse authority, the U.S. Fish
and Wildlife Service, and the Oregon National Guard
for a mix of potential future uses, including industrial.
The proposed reuse plan supported by the Confeder-
ated Tribes of the Umatilla Indian Reservation calls
for transfer of the UMCDF site to the Port of Umatilla
for industrial reuse. The expectation is that the existing
infrastructure will be retained in support of that reuse.
The tribes have indicated that these areas should be
closed to an industrial standard.*!

Finding 5-12. Future industrial use is planned for the
Umatilla Chemical Agent Disposal Facility; however,
the state of Oregon is requiring closure according to
background.

Recommendation 5-12. The Army should work with
all stakeholders to close the Umatilla Chemical Agent
Disposal Facility according to an industrial-based clo-
sure performance standard.

The Confederated Tribes of the Umatilla Indian
Reservation, in asserting their treaty rights to custom-
ary use of the Umatilla Chemical Depot (UCD), want
open areas of the depot (outside of UMCDF) cleaned
to background as part of the UMCDF closure. How-
ever, the confederated tribes’ interpretation of the term
“background” is different from the conventional use of
the term. Unlike the Oregon regulatory authorities, the
tribes’ interpretation of background applies to the sur-
face of the land but not to buried waste and munitions.
The tribes have proposed that surface soil downwind
from UMCDF be sampled for contaminants that may
have been emitted from UMCDEF. Their intent is to have

4ITeleconference with Rodney S. Skeen, Manager, Engineering
and Modeling Program, Department of Science and Engineering,
Confederated Tribes of the Umatilla Indian Reservation; Todd
Kimmell and Leonard Siegel, committee members; and Nancy
Schulte and Harrison Pannella, NRC staff; May 26, 2010.
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the Army remove compounds of potential concern that
exceed naturally occurring levels. Munitions or other
waste buried below depths of concern for hunting and
farming are not a concern for the Umatilla tribes.*?

It is beyond the scope of the committee’s work to
consider cleanup standards outside the UMCDF por-
tion of the UCD, but the Army should work with the
Oregon regulatory authorities and UMADRA to resolve
the tribes’ request so as to avoid unnecessary delays to
completing closure.

42Teleconference with Rodney S. Skeen, Manager, Engineering
and Modeling Program, Department of Science and Engineering,
Confederated Tribes of the Umatilla Indian Reservation; Todd
Kimmell and Leonard Siegel, committee members; and Nancy
Schulte and Harrison Pannella, NRC staff; May 26, 2010.
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Monitoring and Analytical Issues

OVERVIEW OF CLOSURE STRATEGY

Depending on the particular site, the planning for
closure of the chemical agent disposal facilities that
are the subject of this report is designed to achieve
Resource Conservation and Recovery Act (RCRA)
clean closure according to either industrial or resi-
dential standards (Bechtel Aberdeen, 2007; EG&G,
2009b). Facility closure is complete when these con-
ditions are met: all waste management units have
been decontaminated, dismantled, and demolished; all
ancillary buildings are dispositioned per contractual
agreements; and the regulatory authority agrees that
closure performance standards have been achieved.
The facility closure process includes management of
surplus buildings and equipment and waste generated
during processing operations.

During closure operations, the concern with respect
to potential agent exposure primarily deals with
occluded spaces. These are confined volumes within a
system, structure, or component that were exposed, or
potentially exposed, to liquid agent and therefore have
the potential to contain some quantity of agent-contam-
inated liquid (Bechtel, 2006; Herbert, 2010; Battelle
Memorial Institute, 2010; Parsons, 2009).! Although
in most instances the quantity of agent that may be
encountered in such spaces is likely to be small, it takes
only a small amount of agent to generate an exposure

IBattelle, “Occluded Space Training,” presentation to UMCDEF,
March 3, 2010, provided to the committee by Raj Malhotra, Deputy,
Risk Management Directorate, CMA, via email to Nancy Schulte,
study director, May 3, 2010.
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incident. Therefore, accurate measurement of residual
agent is a critical activity in the closure processes.

The challenges posed for closure of chemical agent
disposal facilities relate to the measurement of agent
quantities that remain in waste media, structures, and
equipment. Sampling and analysis of many of these
materials is difficult and may not be suited to conven-
tional approaches used for measuring agent contamina-
tion. Examples include concrete, polymeric materials,
and other waste solids, as well as metal equipment parts.
In all of these, small amounts of agent can be retained
in occluded spaces or sorbed onto porous materials.
Moreover, the agent will not be uniformly distributed,
which means that using a reasonable sampling plan
structured on a strictly statistical basis may be prone
to underrepresentation of the extent of contamination.
In view of the extreme toxicity of agents and certain
degradation products, there may be significant con-
sequences from misidentifying or underestimating
contamination. These conditions carry the additional
consequence of high costs and delays derived from the
need to collect and analyze many samples.

A potentially sensitive and protective means of
identifying residual agent in materials and equipment
during closure is the unventilated monitoring testing
(UMT) (Herbert, 2009).23 This is a variation on the
headspace monitoring approach traditionally used by

2Carla Heck, Project Manager, URS, “Programmatic Closure
Document Development and Status of Closure Planning,” presenta-
tion to the committee, January 26, 2010.

3Richard Sisson, Senior Research Scientist, Battelle, “Closure
Tips and Tricks,” presentation to UMCDF, provided to the commit-
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the Army for clearing material that was suspected to
be agent contaminated.* What is measured by UMT is
the agent in the atmosphere associated with the loca-
tion being evaluated, which requires that that agent be
present in the gas phase. UMT involves enclosing the
room or object to be sampled with a plastic barrier that
prevents diffusion and allows concentrations to build
to the point where the agent can be readily detected
by current near-real-time monitoring equipment. The
method is designed to protect against airborne expo-
sures to agent, but due to the vapor pressure of the
agents and the sensitivity of the analyses, it is also
used to infer the presence or absence of liquid agent.
UMT, in sampling headspace, can be used for evaluat-
ing contamination in many different types of wastes
and media. It does not require the time-consuming
collection of solid samples and the extractive analyses
thereof, which are also subject to uncertainties arising
from nonuniform contamination distribution, a feature
inherent to closure situations. UMT has been success-
fully applied in the closure of both the Aberdeen and the
Newport facilities (Battelle Memorial Institute, 2010;
Parsons, 2009).5:¢

Chemical or physical phenomena that limit the vola-
tilization of the agent are a potential limitation of the
UMT approach, and occluded spaces are a particular
concern in this regard. Any agent occupying occluded
spaces (for example, agent trapped in small cracks
or sorbed into porous materials) may not volatilize
sufficiently for headspace measurements. Occluded
spaces can prevent (a) contact of the agent with a
decontamination solution; (b) volatilization of agent;
and (c) subsequent detection using UMT.

In this chapter, the strengths and weaknesses of both
conventional analyses and UMT for monitoring equip-
ment and spaces undergoing closure are considered,
with a primary focus on identifying approaches that
maximize the utility and effectiveness of UMT during
closure. Utilization of physical sampling followed by
extractive analysis is also briefly discussed.

tee by Raj Malhotra, Deputy, Risk Management Directorate, CMA,
via email to Nancy Schulte, study director, May 3, 2010.

4Headspace is the gaseous atmosphere associated with an object
normally confined by an enclosure or container.

5Brian O’Donnell, Chief, PMCSE Secondary Waste and Closure
Team, CMA, “CMA Programmatic Closure,” presentation to the
committee, January 27, 2010.

6Jerry Spillane, Closure Engineer, NECDF, “NECDF Closure
Lessons Learned,” presentation to the committee, October 20,
2009.

Properties of Agents Significant to
Closure Situations

The chemical and physical properties of chemical
agents affect their toxicity and their detectability. In
the context of closure, agent volatility and hydrolysis
behavior are the two most significant properties. While
all three of the agents processed at the baseline chemi-
cal agent disposal facilities are considered semivolatile
liquids, the nerve agent GB has a markedly higher vapor
pressure (2.9 mm Hg at 25°C), consistent with faster
rates of volatilization (Reutter, 1999). In addition, GB
has the greatest ability to diffuse through porous or per-
meable materials, and hence it is less likely to survive
for long periods of time on surfaces or in near-surface
environments. Mustard is relatively nonvolatile, with a
vapor pressure of 0.11 mm Hg at 25°C. The nerve agent
VX has an even lower vapor pressure (only 0.0007 mm
Hg at 25°C) (Reutter, 1999).7 In situations in which
mustard or VX fills cracks or diffuses into permeable
materials, volatilization may be inhibited, but subse-
quent disturbances of the system could expose intact
agent. This could produce a potential for exposure from
volatilization, or more likely from direct dermal con-
tact. Migration or volatilization of mustard or VX from
porous or permeable surfaces may not occur.

Chemical agent residues may also become depleted
by chemical degradation processes that are principally
hydrolysis reactions and that result in significant
agent detoxification (with a salient exception of VX
as described below). Since the majority of hydrolysis
reactions produce degradation products having low
toxicity, further discussion is not provided here; addi-
tional details can be found in Appendix C. However,
VX hydrolysis via P-O bond cleavage is not in this
category: this reaction produces S-(N,N-diisopropyl-
aminoethyl) methylphosphonothioic acid (known as
EA-2192 in the Army vernacular), which is a com-
pound that retains much of the neurotoxicity of intact
VX. Hence, the possible presence of this compound
is an ongoing source of concern (Yang et al., 1990;
Munro et al., 1999).8 However, concerns related to
EA-2192 are reasonably mitigated by the following
considerations:

7In the context of this report, bis-(2-chloroethyl) sulfide, or sulfur
mustard, is referred to as H, HD (distilled mustard), or HT (distilled
mustard mixed with bis-(2-(2-chloroethylthio)ethyl) ether).

8The state of Utah requires measurement of EA-2192 to ensure
detoxification to closure standards (see Chapter 5).
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* EA-2192 has extremely low volatility and there-
fore poses virtually no inhalation hazard.

e EA-2192 does not diffuse through the skin barrier
(as does VX).

e Hydrolysis of EA-2192 proceeds fairly rapidly,
with a rate constant on the order of that of the
parent compound (0.1 day~!) (Kaaijk and Frijlink,
1977, Verweij and Boter, 1976).°

The rate of VX degradation is expected to be fast (on
the order of 0.1 day '), which suggests that residual agent
concentrations are likely to be low!? unless protected in
an occluded environment. The degradation rates of G
agents will be even faster than those of VX.

RESIDUAL AGENT MEASUREMENT IN CLOSURE

Closure operations at chemical agent disposal facili-
ties are to be conducted in a manner that is intended to
eliminate the potential for exposure to agent and haz-
ardous by-products. Each facility will have to comply
with closure standards for waste, residues, and media
that may be different depending on individual state
regulations.

Closure operations are conducted in a series of steps,
the explicit definition of which can vary somewhat
depending on the site and the individual area under-
going closure. However, all closure operations have
common activities, which in general include (Herbert,
2009; Battelle Memorial Institute, 2010):11-12

1. Identification of all areas of historical contamina-
tion (URS, 2009; EG&G, 2009a).!3 This phase

9Rate studies of degradation of EA-2192 are few, and rates will
certainly vary depending on the specific temperature, moisture pres-
ent, and the surface with which the compound is in contact.

10See Appendix C for citations from the Livermore National
Laboratory group, which indicate that rates of 0.1 day~' can be
expected for VX, as well as Groenewold (2010).

1Brian O’Donnell, Chief, PMCSE Secondary Waste and Closure
Team, CMA, “CMA Programmatic Closure,” presentation to the
committee, January 27, 2010.

I2Rjchard Sisson, Senior Research Scientist, Battelle, “Closure
Tips and Tricks,” presentation to UMCDF, provided to the commit-
tee by Raj Malhotra, Deputy, Risk Management Directorate, CMA,
via email to Nancy Schulte, study director, May 3, 2010.

3Teleconference with Brian O’Donnell, Chief, Secondary Waste,
Closure Compliance and Assessments, CMA; Amy Dean, Envi-
ronmental Engineer, Project Manager for Elimination of Chemical
Weapons, CMA; Jeffrey Kiley, Chief, Quality Assurance Office,
Risk Management Directorate, CMA; and the committee; May 4,
2010.
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is designed primarily to document the history
of chemical agent contamination in assessing
whether the component or area in question may
have come in contact with agent and, if so, in
what form. This phase is used to guide where and
how occluded space surveys should be conducted,
and it may have value for correlating historical
exposure events with residual agent when retro-
spectively compared with the results of UMT.

2. Identification and elimination of occluded spaces.
This includes conducting an occluded space sur-
vey, which is designed to identify locations where
agent liquid or vapor may have accumulated, in
order to ensure that effective decontamination
takes place.

3. Applying decontamination methods. This includes
the preparation of an occluded space decontami-
nation plan and identification of the appropriate
methods to be used for decontamination. These
methods will be dependent on the agent and the
equipment or material to be decontaminated.
Procedures to document decontamination are
also defined, as are the future uses planned for
the equipment and the appropriateness of the
decontamination criteria employed. This step also
encompasses decontamination of equipment and
areas.

4. Removal of equipment or leave in place. Equip-
ment removal requires dismantling and decon-
tamination of the equipment. These activities, as
well as the decontamination of areas, are guided
by the planning done in the previous phases with
a goal of achieving maximum efficacy and with
a focus on areas identified in the occluded space
surveys.

5. Verification of equipment decontamination. This
may include wipe testing, extractive analysis,
or vapor monitoring. Because many pieces of
equipment are not appropriately characterized by
wipe testing or extractive analysis, this normally
involves tented headspace monitoring of the
equipment to ensure that airborne concentrations
are less than 1 VSL (<1 vapor screening level),
indicating that any residual contamination is
minimal.!4

14A vapor screening level (VSL) is an internal control limit used
to clear materials for off-site shipment based on agent concentra-
tion in the atmosphere surrounding the materials. The VSL for
each agent is set to the short-term exposure limit (STEL)—the
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6. Monitoring to demonstrate adherence to appro-
priate closure performance standards. Physical
sampling followed by extractive analyses may
be employed, but unventilated area monitoring
is primarily used as a more sensitive indicator of
residual contamination.

7. Demolition. Destruction of the physical plant
structure, including components found within it,
is conducted upon successful completion of all
previous steps.

Throughout this process, measurements of residual
agent levels constitute a critical activity. Specific objec-
tives of residual agent monitoring are as follows:

» Protecting the workforce during disassembly and
demolition;

e Supporting accurate decision making with regard
to disposition of secondary wastes, residues, and
media;

* Ensuring that contaminant levels at the site are at
or below clearance levels; and

» Protecting the general public.

The analytical approaches used to demonstrate adher-
ence to the standards related to the above objectives fall
into two categories: either sampling and extractive
analysis or vapor space monitoring, which is achieved
through tented headspace monitoring (for individual
pieces of equipment) or unventilated area monitor-
ing. Procedural details employed for the sampling and
extractive analyses can vary substantially depending
on the agent, the degradation product, or the matrix
being examined. Similarly, temporal variations in the
headspace and unventilated area monitoring procedures
are employed to cover different sampling volumes that
are related to the size of the equipment or room to be
monitored. The analytical methods employed, and
their variants, must satisfy required method quality
control specifications, including accuracy, precision,
and detection and quantitation limits for all matrices.
Differences in the material and equipment matrices
may cause deviations in method performance; these
are discussed in more detail below. Analytical method
modification may be needed to achieve state-specific
closure standards; in these cases, significant time and

concentration to which workers can be exposed continuously for a
short period—established by the Centers for Disease Control and
Prevention (Federal Register, 2003a, 2003b).

effort may be required to develop and achieve regula-
tory approval of modifications.

Sampling Followed by Extractive Analysis

Closure requires that waste, residues, media, build-
ings, and equipment be decontaminated to concen-
trations below the applicable closure performance
standards appropriate for subsequent facility disman-
tling and disposal. Similarly, soil at the site must be
demonstrated to be below required closure performance
standards. Analysis of solid samples from these envi-
ronments has traditionally been based upon extractive
analysis of materials to ensure adherence to closure
standards. Extractive analysis has been used both to
show that concentrations are below RCRA limits and
to establish that decontamination is effective (Bechtel
Aberdeen, 2007; EG&G, 2009b).13

The appropriate closure standards that may be
applied at various facilities may differ, but in general,
the standards should recognize that closure will result
in waste disposal or recycling of material and equip-
ment. This suggests that the most relevant standards
are for occupational exposures. But specific closure
standards will be determined on a state-specific basis.

At the Umatilla Chemical Agent Disposal Facility
(UMCDF) there is a regulatory requirement that all
materials sent off-site, such as construction debris,
must be cleared using sampling and extractive analysis.
The same is true of the soil sampling to be carried out
to certify that the site meets closure requirements. The
sampling and extractive analysis of concrete debris
presents particular issues due to the difficulty of collect-
ing and analyzing representative samples. Thus, unven-
tilated air monitoring may be a more reliable means
to identify the presence of residual agent. There also
appears to be a difference of opinion between the EPA
and the Oregon Department of Environmental Qual-
ity (ODEQ) as to the proper procedure for analyzing
concrete debris.!® UMCDF has ODEQ’s approval for a
method that includes pH adjustment before extraction,
while the EPA method does not allow for pH adjust-
ment. If the EPA method is to be adopted it will require

ISCAMDS/TOCDF Closure Team, URS, “CAMDS/TOCDF
Closure Status Implementing Programmatic Closure Approach,”
presentation to the committee, January 27, 2010.

16personal communication between Mike Daniels, closure
manager, UMCDF, and Peter Lederman, committee chair, June
16, 2010.
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an estimated year to carry out laboratory validation and
ODEQ acceptance. This type of challenge can become
a major impediment to meeting schedules.

Although sampling and extractive analysis is avail-
able as a means to define the status of agent decontami-
nation for closure and to guide the disposition of waste,
residues, media, equipment, and buildings potentially
contaminated with agent, the problems of representa-
tive sampling, accuracy, time requirements, and cost
of extractive analysis remain. Due to the difficulty of
measuring concentrations in porous solids, particu-
larly construction debris and equipment, the Army has
chosen to pursue alternative measurement approaches,
namely, headspace monitoring of individual pieces
of equipment and unventilated area monitoring for
buildings and large areas. As noted previously, these
are collectively referred to as unventilated monitoring
testing (UMT); they are discussed below. States may
nevertheless require sampling and extractive analyses
in some cases, such as for clearing wastes for trans-
portation off-site to a treatment, storage, and disposal
facility.

Unventilated Vapor Monitoring: An Alternative
Approach

The Army has developed alternatives to sampling
and extractive analysis. These alternatives use unven-
tilated monitoring of the vapor space around equipment
and areas, which reduces the effects of heterogeneity
and matrix interferences. Briefly, UMT involves seal-
ing off the equipment or area to be tested; ensuring
that the temperature within the sealed volume is 70°F
or above; and then monitoring the vapor space within
the sealed volume. If volatilized agent is present,
this approach allows its concentration to build up by
increasing volatilization and preventing diffusion to
other parts of the atmosphere. The performance of the
UMT will be dependent upon maintaining the speci-
fied temperature, which will require actively heating
the areas using space heaters and careful temperature
monitoring, particularly during the colder months. The
result is that concentrations measured in the UMT are
much higher than in a comparable ventilated test, and
for this reason, UMT would be conservatively protec-
tive of the workforce.

The unventilated vapor monitoring is applied to
both individual pieces of equipment and to buildings
and areas. When applied to individual pieces of equip-
ment, the approach involves sealing with plastic sheet-
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ing (i.e., tenting of the equipment) and monitoring the
vapor concentration of agent after a fixed period of time
dependent upon the tented volume (i.e., 15 minutes for
a tented volume equal to or less than 0.8 m3, 45 minutes
for a tented volume between 0.8 and 20 m3, and 4 hours
for a tented volume in excess of 20 m3). The vapor
concentration within the sealed volume at the end of the
hold time must be less than the vapor screening level.
The VSL for each agent is set at the short-term expo-
sure limit—the concentration to which workers can be
exposed continuously for a short period—established
by the Centers for Disease Control and Prevention
(Federal Register, 2003a, 2003b). The use of a standard
of 1 VSL in a sealed environment ensures that concen-
trations much less than 1 VSL would be observed in a
ventilated environment.

In buildings or large areas, the area is first subjected
to ventilated monitoring over a period of 12 hours to
ensure that the VSL is not exceeded before initiating the
more severe unventilated test. The area is then sealed
to the extent possible and the unventilated monitor-
ing begun. At CAMDS, for example, the unventilated
monitoring must show that the concentration does not
exceed 1 VSL during any 4-hour period. If time-aver-
aged sampling is used, this means that an average of
0.5 VSL will not be exceeded in any 4-hour period (i.e.,
assuming a linear rate of increase during the 4 hours).
Sampling over multiple periods may be needed to docu-
ment conformance to closure standards (e.g., 36 hours
for CAMDS as per procedure PRP-CAM-002), but the
standard remains 1 VSL in any 4-hour period.

The UMT is focused on airborne pathways of expo-
sure and is used to compare potential worker exposure
to worker population limits (WPLs) and potential
public exposure to general population limits (GPLs).
That is, the agent release rate that might lead to 1 VSL
within the unventilated monitoring area is such that
WPL would not be exceeded in a ventilated area and
GPL would not be exceeded outside the work area. As
with the VSL/STEL, the WPL and the GPL are set by
the Centers for Disease Control and Prevention (Fed-
eral Register, 2003a, 2003b). The airborne pathway is
the primary path of exposure to residual agent since
the demolition strategy is designed to eliminate contact
exposure to agent in liquid or solid phases (i.e., areas
of potential contamination are subjected to decon-
tamination) and since the facility destruction is done
mechanically. Airborne sampling also can be a sensitive
indicator of the presence of agent, but only as long as
occluded spaces are properly identified and eliminated

Copyright © National Academy of Sciences. All rights reserved.



Review of Closure Plans for the Baseline Incineration Chemical Agent Disposal Facilities

54 REVIEW OF CLOSURE PLANS FOR THE BASELINE INCINERATION CHEMICAL AGENT DISPOSAL FACILITIES

even though the precise location of the contamination
is unknown. Measurement of airborne agent in the
headspace can reduce analytical complexity because
it effectively samples the entire environment being
sampled, and it avoids problems with low extraction
efficiency and high chemical background and interfer-
ence that can accompany an extractive analysis. To
date, UMT has been approved for use at CAMDS by
the state of Utah.

The UMT approach maximizes the concentrations of
agent in the sampled headspace by allowing the con-
centration to build up in the absence of air exchange,
thus making measurements of vaporized agent concen-
trations easier. This approach thus takes advantage of
the stringent precision and accuracy capabilities of the
agent air monitors.!”-!8 The measured values provide an
estimate of agent release rate, which can then be used
to estimate maximum airborne exposure in a ventilated
configuration. The approach is attractive because it does
not require extensive analysis (i.e., sample collection
and extraction). UMT is easy to apply in the field and
is relatively rapid, and therefore can be implemented
with relatively minimal effort. The waste acceptance
criteria are straightforward data quality objectives (in
particular, detection limits to <1 VSL and avoidance of
false negatives).!?

The acceptably protective airborne limits of expo-
sure to agents for workers (the WPLs) and for the
general public (the GPLs) are shown in Table 6-1,
together with the corresponding vapor screening level
(VSL-STEL) used to evaluate airborne exposures in
UMT measurements.

The UMT is designed to ensure that monitored items
or areas will successfully meet WPL and GPL levels in
a ventilated configuration when the tented or unventi-
lated concentration is maintained below 1 VSL. In the
event of agent measurement above the VSL, the area
is decontaminated (or decontaminated again), and air-
borne concentrations are again measured in a ventilated

7Richard Sisson, Senior Research Scientist, Battelle, “Closure
Tips and Tricks,” presentation to UMCDF, provided to the commit-
tee by Raj Malhotra, Deputy, Risk Management Directorate, CMA,
via email to Nancy Schulte, study director, May 3, 2010.

I8CAMDS/TOCDF Closure Team, URS, “CAMDS/TOCDF
Closure Status Implementing Programmatic Closure Approach,”
presentation to the committee, January 27, 2010.

Richard Sisson, Senior Research Scientist, Battelle, “Closure
Tips and Tricks,” presentation to UMCDF, provided to the commit-
tee by Raj Malhotra, Deputy, Risk Management Directorate, CMA,
via email to Nancy Schulte, study director, May 3, 2010.

configuration. If vented monitoring meets the <1 VSL
criterion, a final unventilated area monitoring is per-
formed. Measured UMT concentrations <1 VSL will
ensure that exposure concentrations are greater than
WPL in the working area and greater than GPL out-
side the working area. The previously described seven
steps of the approach are designed to ensure that mass
demolition of areas and equipment is limited to only
those materials that have been decontaminated of agent
or have been otherwise cleared. The approach ensures
that workers are not exposed to vapors in excess of the
WPL and the general population to vapors in excess of
the GPL, but it does not directly address direct contact
exposures. The effectiveness of the monitoring proce-
dures to support this alternative testing protocol will be
discussed in the next section.

ASSESSMENT OF MONITORING PROCEDURES

The overall monitoring procedure involves ventilated
workplace monitoring (near-real-time measurements);
occluded space identification and decontamination as
needed; and, finally, UMT.

Assessment of Workplace Monitoring, Ventilated
Environment Configuration

Near-real-time monitoring (i.e., having a response
time of approximately 3 to 15 minutes) is used in
areas where the presence of agent is possible (NRC,
2005b). Miniature Chemical Agent Monitoring Sys-
tems (MINICAMS) are used at the Tooele Chemical
Agent Disposal Facility (TOCDF) for this purpose,
while automatic continuous air monitoring systems
(ACAMS) units are used at CAMDS.?° The same types
of instruments are used at the other baseline disposal
facilities. Confirmation monitoring is used to validate
or invalidate a positive result from another monitor-
ing system, such as MINICAMS and ACAMS, and
is accomplished with the depot area air monitoring
systems (DAAMS), which employs variable sampling
times. The DAAMS backs up the MINICAMS and
ACAMS and reduces false positives.?! These systems

20Thaddeus Ryba, Site Project Manager, TOCDF, “TOCDF In-
troduction (DEMIL-101),” presentation to the committee, January
26, 2010.

2IThaddeus Ryba, Site Project Manager, TOCDF, “TOCDF In-
troduction (DEMIL-101),” presentation to the committee, January
26, 2010.
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TABLE 6-1 Airborne Exposure Limits for GB, VX, and H, and Ratios of Worker Protection
Limit and General Population Limit to Vapor Screening Level

Agent VSL (mg/m?) WPL (mg/m?) WPL/VSL GPL (mg/m?) GPL/VSL
GB 0.0001 0.00003 0.3 0.000001 0.01

VX 0.00001 0.000001 0.1 0.0000006 0.06

H 0.003 0.0004 0.13 0.00002 0.0067

NOTE: The ratio of WPL to VSL and the ratio of GPL to VSL provide an indication of the magnitude of the respective WPL

and GPL as a fraction of VSL.

SOURCE: NRC, 2005a; Battelle Memorial Institute, 2010; Washington Demilitarization Company, 2010.

comprise the continuous emissions monitoring systems
(CEMYS) for the sites.

Workplace monitoring measures actual exposures
during operations and closure activities and should be
used to confirm that acceptable closure standards have
been met. It does not provide pre-demolition standards
for decontamination, however, nor does it predict the
potential for exposure during closure and dismantling
activities. It is toward the latter goal that occluded
space surveys and unventilated monitoring tests are
directed.

Assessment of Occluded Space Identification for
Decontamination

The occluded space survey is a key step in the
unventilated monitoring test and the ultimate clearance
of the site. As such, it is important that it be carried out
very carefully and uniformly at all sites.

As previously indicated, occluded spaces are con-
fined volumes within a system, structure, or component
that were exposed, or potentially exposed, to liquid
agent, and thus have the potential to contain small
quantities of agent or agent-contaminated liquid (Bat-
telle Memorial Institute, 2010; Herbert, 2010; Parsons,
2009; Washington Demilitarization Company, 2010).
An example is found at the former Newport Chemical
Depot (Indiana) facility for the production of the nerve
agent VX, in piping that was not knowingly exposed
to agent but in fact had residual agent contamination.??

22y X degradation products were found in a 0.5-inch nitrogen line
at NECDF in February 2004. The nitrogen had been used to purge
tanks and reactors, for transferring liquids using pressure, and in
the munitions filling process. Contamination of nitrogen systems
is not uncommon in the petrochemical industry. It can occur if the
supply pressure of the nitrogen system is not designed to be greater
than the maximum system pressure or if the nitrogen supply failed
during the operation of the process.

Piping could represent an occluded space if capped, or
merely by slow diffusion rates from an interior run to
an opening to the ambient atmosphere (NRC, 2005a,
pp- 16-26). Occluded spaces can potentially trap liquid
agent, prevent contact with a decontamination solu-
tion, and prevent agent vaporization, and hence prevent
detection during unventilated monitoring. Some com-
mon examples of occluded spaces include internal cavi-
ties of pumps and other equipment, cavities or cracks
in concrete, internal sections of closed pipes and other
systems, flat parallel surfaces in close proximity to each
other, pipe and tank supports, and caulking seals around
equipment supports and concrete joints.

Occluded spaces can be present in clean and screened
material (<1 VSL); this includes decontaminated rooms
within facilities and materials such as waste, residues,
media, or decontaminated equipment removed for dis-
posal. Of particular concern are items and areas that
were potentially contacted by high concentrations of
agent, either in liquid form or in vapor form at concen-
trations above the immediately dangerous to life and
health (IDLH) levels.??> Past exposure to high vapor
concentrations does not necessarily lead to significant
liquid entrapment, but using an IDLH vapor concentra-
tion as an indicator of a need for special decontamina-
tion procedures is conservative (protective).

Occluded space teams (OSTs) have the responsibility
for identifying occluded spaces and are the key to find-
ing agent that might not be identified by other means.
That is, extractive testing may not involve testing of the
specific space containing the occluded liquid; likewise,
vapor testing is more likely to detect the presence of
occluded agent, but even that may not be successful if
the agent is completely contained or tightly sorbed into
the material. Accordingly, identification of occluded

ZIDLH values are 0.1, 0.003, and 0.7 mg/m? for GB, VX, and
HD, respectively (NRC, 2005a).
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spaces requires significant expertise and thoroughness
that are achieved in the form of a multidisciplinary
team trained for this extremely important purpose (Bat-
telle, 2010; Herbert, 2010).2*

The Army utilizes contractor experts for training
the OSTs because of the diversity of possible occluded
spaces. However, training expertise is concentrated in a
relatively small number of individuals. Ideally, it would
be desirable to draw upon the skills and experience of
as broad a cross section of occluded space expert train-
ers as possible. Expertise should be solicited from those
who have participated in various closure activities and
from various organizations within a site, and such per-
sonnel should be tapped to provide OST training. This
would ensure that occluded space surveys would ben-
efit from information exchanged with other locations
and would include formal transference of occluded
space survey experiences through regular meetings
focused on discussing common challenges. To ensure
that the results of the OSTs are shared, they should be
made part of the lessons learned program and reported
as lessons learned.

Because of the complexity of the occluded space
survey activity, and because it is possible for potential
occluded spaces to be missed in the survey process,
a second occluded space survey is carried out at the
direction of management.”> The committee believes
that at a minimum, a second survey is necessary. Based
on a comparison of the first two surveys, management
may in its judgment decide to do a third survey.

In an occluded space survey, the OST conducts a
preliminary occluded space inspection and generates
an occluded space task list. The occluded spaces thus
identified are opened, decontaminated, and wedged
open or supported to eliminate the occluded space
potential. The OST then performs a physical survey
by walk through. If any additional occluded spaces are
identified at this stage, they are then decontaminated
prior to final unventilated monitoring.

24Teleconference with Brian O’Donnell, Chief, Secondary
Waste, Closure Compliance and Assessments, CMA; Amy Dean,
Environmental Engineer, Project Manager for Elimination of
Chemical Weapons, CMA; Jeftrey Kiley, Chief Quality Assurance
Office, Risk Management Directorate, CMA; and the committee;
May 4, 2010.

2Teleconference with Brian O’Donnell, Chief, Secondary Waste,
Closure Compliance and Assessments, CMA; Amy Dean, Envi-
ronmental Engineer, Project Manager for Elimination of Chemical
Weapons, CMA; Jetfrey Kiley, Chief, Quality Assurance Office, Risk
Management Directorate, CMA; and the committee; May 4, 2010.

Finding 6-1. The occluded space survey is a key com-
ponent of the overall monitoring strategy for closure,
and it requires occluded space survey teams with a high
level of expertise and significant training for proper
execution.

Recommendation 6-1. Occluded space survey proto-
col should be standardized across the entire enterprise,
and training should be strengthened, standardized
across the program, and continually updated.

Finding 6-2. The expertise for occluded space survey
training is concentrated in a few individuals within the
overall closure activity.

Recommendation 6-2. Occluded space survey training
should be diversified to include multiple experts to pro-
vide redundancy commensurate with the importance of
this activity.

Finding 6-3. It is possible to fail to identify occluded
spaces during the survey process, but a second survey
can provide a more comprehensive identification.

Recommendation 6-3a. A second occluded space
survey should be conducted by an occluded space
team independent of the team that conducted the initial
survey as a means of providing a higher level of confi-
dence that all occluded spaces have been identified.

Recommendation 6-3b. A third occluded space survey
should be considered based on a comparison of the first
and second surveys.

Assessment of Unventilated Monitoring Testing

Upon completion of decontamination of equipment
and small areas, buildings and larger areas are subjected
first to ventilated and then to unventilated monitoring
as described earlier. If the headspace concentrations are
measured at <1 VSL in the UMT, further decontamina-
tion is not required, and the area can be made available
for demolition. The unventilated environment does not
represent the conditions that demolition workers would
encounter, but nonetheless, it enables measurement at
lower levels and thus provides a more conservative
evaluation of a potentially exposed environment. The
product of the UMT measurement is actually a rate at
which vapor source is emitted, which is calculated by
dividing the measured concentration by the time during
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which the sample was collected. The rate is converted
to an unventilated-environment concentration by divid-
ing the rate by the rate of air exchange in the fully ven-
tilated configuration. It should be noted that extractive
sampling requires defining a statistically valid sampling
protocol, and this can be very difficult to achieve in a
heterogeneous environment. The approach assumes
that the concentration versus time profile generated in
the UMT is linear. In actuality, the time plot usually
produces a logarithmic profile, which results from the
depletion of the source or reduction in the release rate
as the system approaches equilibrium. A grab sample
after a relatively short time will provide the initial slope
and overestimate the average emission rate. Thus, UMT
measured concentrations will tend to provide conserva-
tively high emission rates for agents.?6-?’

The UMT is appropriately designed to protect the
worker and general populations against exposure
via airborne pathways. The data resulting from this
approach can be used to verify that workers are not
exposed to vapor concentrations in excess of the WPL
and that the general population is not exposed to vapor
concentrations in excess of the GPL. However, the
approach does not evaluate the presence of agent in
occluded spaces that were not properly identified and
from which agent does not partition into the vapor
phase at sufficient rates to exceed the VSL during the
testing hold times. Since these residual quantities will
be small, risks due to inhalation exposure will likely be
negligible. In local instances, however, some dermal
contact risk may arise during demolition. This should
be mitigated by the fact that there will be no human
contact with the demolition waste, as all handling will
be done mechanically.

While the Army is applying its UMT for clearance
of equipment and structures, there may be additional
applications for this test. First, the committee believes
that because the UMT is being used to clear buildings,
the resulting debris from building demolition does not
need to be subject to additional agent testing, either
vapor screening or direct analysis. This assumes that
the ultimate disposition of all materials is in industrial

26Rjichard Sisson, Senior Research Scientist, Battelle, “Closure
Tips and Tricks,” presentation to UMCDF, provided to the commit-
tee by Raj Malhotra, Deputy, Risk Management Directorate, CMA,
via email to Nancy Schulte, study director, May 3, 2010.

2TCAMDS/TOCDF Closure Team, URS, “CAMDS/TOCDF
Closure Status Implementing Programmatic Closure Approach,”
presentation to the committee, January 27, 2010.
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waste or industrial recycling facilities where WPLs
(the focus of the UMT) will be protective and where
there is no potential for dermal contact. In addition, the
UMT may have potential for clearing other types of
materials produced during closure—including waste,
residues, and media (e.g., soil)—as being below levels
of concern for agent contamination. By employing this
test for waste, residues, and media as well, expensive
and time-consuming direct sampling and extraction and
analysis could be avoided, and the committee believes
that overall closure schedules could be expedited while
still protecting human health and the environment.

The Army may benefit from an evaluation of whether
or not UMT is protective of human health and the environ-
ment when applied to a broader ensemble of waste, resi-
dues, and media (e.g., porous matrices). Finally, the results
of the UMT measurements may be particularly valuable
when correlated with agent spill or release histories. Care-
ful comparisons of UMT results with past exposures may
enable conclusions regarding agent persistence, occluded
space surveying, and UMT efficacies.

It is highly probable that this approach will be pro-
tective of the workforce against airborne exposure. It
should be noted that the series of protocols that cul-
minate in the UMT provide only information on the
absence or presence of agent. They are, as has been
stated, aimed at protecting workers. The protocols do
not provide any information about the presence of such
other hazardous materials as semi-volatiles or heavy
metals (e.g., mercury (Hg) or arsenic (As)), which
could affect the options for disposing of materials that
could be contaminated with such materials.

Finding 6-4. Unventilated monitoring testing—con-
ducted in sequence with site exposure and spill his-
tories, ventilated monitoring, and occluded space
surveys—is appropriately designed to ensure protec-
tion of workers and the general population from agent
exposure via airborne pathways. It is the final “critical
step” in clearing a site for mass demolition.

Recommendation 6-4a. The Army should ensure
both that the unventilated monitoring testing (UMT)
protocol is uniform throughout the enterprise and that
the information gained by the UMT sequence is aggres-
sively communicated to subsequent closure sites.

Recommendation 6-4b. Locations of prior exposures
and spills should be compared with the results of the
unventilated monitoring testing (UMT) measurements.
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Correlation (or not) of past exposure events with
UMT release rates could provide valuable insight into
residual contamination, effectiveness of occluded space
surveys, and UMT efficacy.

Finding 6-5. The unventilated monitoring testing
sequence does not protect against dermal contact aris-
ing from waste contaminated with small quantities of
agent that could be sequestered in occluded spaces.
Worker protection against this risk is reliant on the
occluded space surveys and on the all-mechanical
handling of the demolition wastes.

Recommendation 6-5. Worker training should rein-
force the use of proper protective measures against
dermal contact even where vapor space monitoring
shows no inhalation risk.

Finding 6-6. The monitoring program is appropriately
focused on agent. Agent hydrolysis products are non-
toxic or have low toxicity, with the salient exception of
EA-2192 (see discussion earlier in this chapter), which
does not have probable exposure routes and hence does
not pose a significant risk. Other waste components
(e.g., Hg and As) may affect ultimate disposal of waste
materials and debris, but these can be managed within
existing waste disposal rules.

Recommendation 6-6. The Army should ensure that
procedures are in place to adequately analyze for other
waste components that may affect ultimate disposal of
waste materials and debris.

Finding 6-7. The unventilated monitoring testing can
potentially be used for screening many different types of
closure waste, residues, and media as being below levels
of concern for the agents. Additional evaluations may
demonstrate that vapor screening will meet regulatory
approval in states in which it will be used to characterize
debris for disposal, and they may determine whether the
method is protective against dermal exposure.

Recommendation 6-7. The Army should consider
conducting additional evaluations for two reasons: to
demonstrate that vapor screening will meet regulatory
approval in all states in which it will be used to charac-
terize debris for disposal, and to determine whether the

method is protective of human health and the environ-
ment for waste, residues, and media.

Finding 6-8. Some analytical method modifications
may be needed to achieve state-specific closure and
disposition standards, and in such cases, significant
time and effort may be required for these modifications
and for achieving regulatory approval.

Recommendation 6-8. Where method modification is
needed, the Army should begin the modification and
approval process as early as possible. In all cases, the
Army should present its method modifications plans,
including acceptance criteria, to the regulatory author-
ity before method modification begins to gain prelimi-
nary approval. In addition, where method modifications
at individual baseline facilities appear to be similar, the
Army should coordinate its method modification activi-
ties among the sites to avoid duplication of efforts.
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Appendix A

Reprinted 2010 Letter Report

The following report is a reprint of National Research Council, “Review and Assessment of Closure Plans
for the Tooele Chemical Agent Disposal Facility and the Chemical Agent Munitions Disposal System: Letter
Report” (The National Academies Press, Washington, D.C., 2010), available online at http://www.nap.edu/catalog.
php?record_id+12838.
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Appendix B

Safety and Environmental Metrics Employed by Private
Companies Surveyed for This Report

Table B-1, which compiles the safety and environmental metrics used by the private companies surveyed for this
report, is reprinted from the National Research Council report Evaluation of Safety and Environmental Metrics for
Potential Application at Chemical Agent Disposal Facilities (The National Academies Press, Washington, D.C.,

2009).

TABLE B-1 Safety and Environmental Metrics Employed by Private Companies Surveyed for This Report

Measure Area Definition Type Comments

Number of recordable Personal safety Lagging Per OSHA requirements

injuries (RIs) or illnesses

Number of lost workday Personal safety Lagging Per OSHA requirements

cases (LWCs)

Contractor injury or Personal safety Number of RIs per number  Lagging RMTC, RWC, and DAWC (all OSHA

illness rate of work hours x 200,000 definitions)

Company injury or Personal safety Number of RIs per number  Lagging RMTC, RWC, and DAWC (all OSHA

illness rate of work hours x 200,000 definitions)

Near miss Personal/environmental/ Number of unsafe Leading Can identify unsafe conditions, safety
transportation/process conditions or events that incidents that could have been more serious
safety almost injured someone in different circumstances, etc.

but didn’t or almost spilled
something but didn’t

Corrective and Personal/environmental/ Proportion of corrective Leading Percent of action items related to employee

preventive actions transportation/process and preventive actions health and safety (EH&S) incidents that
safety closed on time to total have been closed by the due date

number of action items

Behavior-based process Personal/environmental/ Number of observations Leading Total number of observations made of a

(BBP) observation transportation/process of behavior as part of a work group in a given time
safety behavior-based safety

program
Percent safe BBP Personal/environmental/ Number of safe behaviors/ Leading The percentage of safe behaviors should be

observations

transportation/ process
safety

total behaviors

80

less than 100 percent since your program
should be looking at behaviors that you
want to change and at behaviors that you are
getting much better at
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Measure Area Definition Type Comments

BBP observation— Personal safety Number of analyses Leading Should analyze the antecedents and

analysis to drive performed consequences of an unwanted behavior at

behavior change least quarterly. Behavior might be improved
by adjusting an antecedent.

BBP observation— Personal safety Number of critical Leading Try to drive at least one behavior to

driving behavior change behaviors that reached habit strength per year by adjusting the
habit strength antecedents and consequences of that

behavior.

Procedure use Personal/process safety Number of critical Leading Can be daily, weekly, or monthly depending
procedures used/number of on the size of the organization. Tasks that
critical procedure required require a critical procedure are defined by
tasks performed the facility.

Quality of root cause Personal/environmental/ Number of minimum Leading RCI minimum criteria are defined by the

investigation (RCI) transportation/process quality criteria met for the company.

safety RClIs in a given period

Pretask hazard Personal safety Number of pretask hazard Leading Assessment can be conducted per person or

assessment participation assessments performed per work group, weekly or monthly.

Performance tracking on Personal safety Number of defects found Leading Permit documentation is audited and any

permits per permit mistake or omission is a defect (safe work

permit/isolation of energy/confined space
entry).

Training timeliness Personal/environmental/ Required training Leading Overdue EH&S training is a sign of a

transportation/process completed on time—not slipping safety culture and priority.
safety overdue

Compliance task tool Personal/environmental/ Number of required Leading Overdue safety compliance tasks are a sign

transportation/process compliance tasks overdue/ of slipping safety culture and priority. An
safety total number of required example of these tasks is fire extinguisher
compliance tasks inspections.

Severity rate Personal safety Number of (RMTC x 1) Lagging Gives a weighted rate
+ (RWC x 3) + (DAWC
X 9) + (fatalities x 27) per
200,000 work hours

DAWC count Personal safety Number of DAWCs Lagging

DAWC rate Personal safety Number of DAWC per Lagging
200,000 work hours

Loss of primary Personal safety Number of LOPCs Lagging For example, leaks, breaks, and spills

containment (LOPC)

count

Severe LOPC Personal/environmental/ Number of Category 1, 1A,  Lagging Category 1 is any loss of primary

(Categories 1,1A, and process safety and 2A LOPCs containment resulting in the release of

2A) >5,000 1b flammable chemical. Category 1A

is a release causing a DAWC. Category 2A
is a spill resulting in a RI.

Category 4 LOPC count Personal/environmental/ Number of Category 4 Leading Category 4 is a minor spill of <100 Ib that

process safety LOPCs has no measurable impact on people or the
environment.

Ratio of Category 4 Personal safety Ratio of Category 4 Leading Try to achieve a 40:1 ratio in order to find

LOPC to Categories 1, 2,
and 3 LOPCs

LOPC:s to all other
categories of LOPCs

the small spills and fix them before they
become larger spills. (Category 2 is a loss
of primary containment with a release of
>1,000 1b or an RMTC or a RWC (2A).
Category 3 is any LOPC that loses >100 Ib
of chemical or 1,000 Ib of dry inert solids).

Continued
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TABLE B-1 Continued

Measure

Area

Definition

Type

Comments

Number of process safety

Process safety

Number of events within a

Both lagging

For near misses, it’s a leading indicator.

events specified time period. The and leading
severity of events may be
low, medium, or high.
Number of fatality Personal/transportation/ Number of such events Lagging Measure progress in addressing high-
potential events process safety within a specified time potential events.
period
Motor vehicle accident Transportation Number of MVAs Lagging An MVA is a motor vehicle accident
(MVA) count resulting in personal injury or at least $500
in damage.
MVA rate Transportation Number of MVAs per Lagging Includes all miles driven from company
million miles driven owned, leased, or rented vehicles and miles
driven on company business from personal
vehicles
Number of preventable Transportation Number of preventable Lagging
accidents or number of product-carrying vehicle
preventable accidents per accidents or a rate based
unit time or distance on this number
Number of high-severity Transportation Number of high-severity Lagging
accidents or number of product-carrying vehicle
high-severity accidents accidents or a rate based
per unit time or distance on this number
Number of rollovers/ Transportation Number of product- Lagging
rollover rate carrying vehicle rollovers
or a rate based on this
number
Energy intensity Environmental British thermal units per Lagging
pound production
Greenhouse gas (GHG) Environmental Quantity of carbon dioxide  Lagging
energy efficiency (CO,) generated per unit of
production
Wastewater intensity Environmental Pounds of wastewater per Lagging Water that is treated at a wastewater
pound of production treatment facility
Waste intensity Environmental Pounds of waste per pound  Lagging Material that receives end-of-pipe treatment;
of production report as the bulk amount prior to treatment.
Total waste weight Environmental Weight by type and Lagging
disposal method
Chemical emissions Environmental Chemical emissions (tons) Lagging Material that is released to the environment

that does not receive end-of-pipe treatment
(not including water). Chemical emissions
exclude conventional emissions such as
combustion products (nitrogen oxides,
carbon monoxide, sulfur oxides, CO,, and
particulates), methane, and hydrogen. Also
excluded are the “normally excluded as an
emission” compounds from GEI such as
nitrogen, oxygen, water, aluminum, and
salts (chlorides, sulfates, hydroxides, oxides,
hypochlorite, and carbonates).
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Measure Area Definition Type Comments

Priority compound Environmental Priority compounds (tons) Lagging A list of priority chemicals that include

emissions persistent bioaccumulative and toxic
compounds; selected known human
carcinogens; selected ozone depletors; and
high-volume toxic compounds

Volatile organic Environmental Volatile organic Lagging

compound emissions compounds (tons)

Total water use Environmental Pounds or gallons water Lagging

used/time period

Direct GHG emissions Environmental CO,-equivalent metric tons ~ Lagging Direct GHG emissions are those that are
emitted from a company location. Direct
emissions include all GHGs emitted from
any on-site fugitive or air point source.

Kyoto GHGs as CO,- Environmental Pounds of CO,-equivalent Lagging

equivalent intensity per pound production

Assessment compliance Personal/environmental/ Assigned grade to Leading Commonly understood measure for

performance transportation/process each area reviewed in assessing improvement in performance

safety assessment
Percent of safety alerts Personal/environmental/ Percent completion by Leading Drives implementation of lessons learned
completed transportation/process facilities covered by alerts from safety incidents
safety

Number of potential Environmental Internally reported Leading Proactive measure of effectiveness of

environmental potential environmental environmental program

noncompliances noncompliances per month

Number of significant Environmental Spills per unit time Lagging

environmental spills

Toxic release inventory Environmental Number of releases per Lagging

on site releases

unit time

NOTE: RCI, root cause investigation; OSHA, Occupational Safety and Health Administration; RMTC, reportable medical treatment case; RWC, restricted
work case; DAWC, days away from work case; LOPC, loss of primary containment; BBP, behavior-based process; ES&H, employee safety and health; RI,
recordable injury; GHG, greenhouse gas; GEI, greenhouse gas emissions.

SOURCE: Data provided by Corning, Dow Chemical, Motorola, and Praxair.
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Appendix C

Discussion of Hydrolysis Reactions of GB, VX, and H

The risk posed by agents depends upon their ten-
dency to partition to phases where exposure could
occur and on their stability and the toxicity of their
degradation by-products. Thus, consideration of the
physical and chemical properties of the agents provides
a basis for evaluation of the potential risks of residual
contamination. The risk associated with agents can be
prolonged if they are sequestered in occluded spaces,
and this tendency is also related to agent physical prop-
erties. Therefore, a brief review of the volatilization and
hydrolysis reactivity of GB (sarin), VX, and mustard
(H) are provided in the following paragraphs.

PROPERTIES OF GB (SARIN)

Although all three agents are considered semivolatile
liquids, GB has a markedly higher vapor pressure (2.9
mm Hg at 25°C) and will volatilize, leading to the con-
clusion that any residual GB would have been depleted
by volatilization by the time facility destruction occurs
(Reutter, 1999). Under normal environmental condi-
tions, it also undergoes rapid hydrolysis, forming non-
toxic products isopropyl methylphosphonic acid and
fluoride (Kingery and Allen, 1995). GB can permeate
into polymeric or porous materials, and there has been
a report of unhydrolyzed GB in paint in an Iraqi shell
fragment several years after exposure to the atmosphere
(Black et al., 1994). The small residual levels of GB
detected in this example suggest, however, that the
potential exposure to residual GB after permeation into
a polymeric or porous surface is likely minimal. In soil
samples collected during the same Iraqi sampling cam-

84

paign, intact GB was not detected (Black et al., 1994).
Because GB is volatile and diffuses fairly rapidly, mate-
rials containing occluded spaces would be expected
to release GB during the years between exposure and
demolition. On the basis of these considerations, GB is
considered to be a relatively nonpersistent agent.

PROPERTIES OF VX

VX has a much lower vapor pressure compared to
GB (only 7 x 10* mm Hg at 25°C) (Reutter, 1999),
and exhaustive depletion due to volatilization from
occluded spaces in porous or permeable surfaces may
not occur. In situations where VX fills cracks or dif-
fuses into permeable materials, volatilization will be
inhibited, but subsequent disturbances of the system
could expose intact VX, resulting in a potential expo-
sure scenario resulting from volatilization or more
likely from direct dermal contact.

For the most part, hydrolysis of VX results in
detoxification. VX can be detoxified rapidly (rate
constant on the order of 0.1 day~') via hydrolysis reac-
tions; however, not all hydrolysis reactions detoxify
VX (Davisson et al., 2005; Love et al., 2004).! The
compound undergoes hydrolytic degradation via three
pathways, involving cleavage of the P-S, S-C, and
P-O bonds (Epstein et al., 1973; Munro et al., 1999).
The principal pathway is cleavage of the P-S bond,

IRate studies of degradation of EA-2192 are few, and rates will
certainly vary depending on the specific temperature, moisture pres-
ent, and the surface with which the compound is in contact.
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which forms ethyl methylphosphonic acid (EMPA)
and 2-(diisopropylamino) ethane thiol (DESH), which
are both relatively nontoxic (Kingery and Allen, 1995;
Munro et al., 1999). Cleavage of the S-C bond is a
less prevalent process, and it also produces relatively
nontoxic products. Basic sites such as those found on
concrete have been shown to greatly increase the rates
of hydrolysis via P-S and S-C cleavage (Groenewold
et al., 2002; Williams et al., 2005).

VX hydrolysis via P-O cleavage is a matter of concern
because this furnishes S-[2-(diisopropylamino)ethyl]
methylphosphonothioic acid and ethanol (Yang et
al., 1990). The former product, known as EA-2192,
retains much of the neurotoxicity of the intact agent,
and hence presence of this compound is an ongoing
source of concern. In fact, the state of Utah requires
measurement of EA-2192 to ensure detoxification to
closure standards (see Chapter 5). Concerns related
to EA-2192 are reasonably mitigated, however, by the
following considerations:

* EA-2192 has no volatility and poses no inhalation
hazard.

e EA-2192 does not diffuse through the skin
barrier.

* Hydrolysis of the EA-2192 proceeds fairly rap-
idly, with a rate constant on the order of that of the
parent compound (0.1 day~!) (Kaaijk and Frijlink,
1977; Verweij and Boter, 1976).

With regard to occluded spaces and permeable poly-
mers, it should be noted that there may be potential
for survival of intact VX sequestered in these environ-
ments. This may occur because VX thus sequestered
may be protected from hydrolysis.

PROPERTIES OF H (MUSTARD AGENT)

Bis-(2-chloroethyl)sulfide, or sulfur mustard, can
refer to H, HD (distilled mustard), or HT (distilled
mustard mixed with bis-(2-(2-chloroethylthio)ethyl)
ether) in the context of this report. H is relatively
involatile, with a vapor pressure of 9 x 102 mm Hg at
25°C (Reutter, 1999). Thus H, in any form, would be
expected to display some persistence.

Mustard is detoxified by hydrolysis, but in general,
rates of mustard hydrolysis are slower than those of
the nerve agents. Nevertheless, hydrolysis would be
expected to result in depletion of mustard under most
situations if enough time passes between the end of

Review of Closure Plans for the Baseline Incineration Chemical Agent Disposal Facilities
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operations and demolition. Chemical decontamination
will accelerate rates of hydrolysis.

The generally slower rates of hydrolysis and low
volatility serve to make the compound susceptible to
surviving for extended periods of time in occluded
spaces. This phenomenon is exacerbated by H poly-
merization reactions that can form a “skin” (Yang et
al., 1988) over the surface of intact mustard. The skin
can protect the underlying agent from exposure to water
and other naturally occurring hydrolysis reagents. Rup-
ture of the skin during scabbling? or other demolition
activities could release mustard and result in a toxic
exposure risk. In addition to occupying pores, mustard
will also permeate many polymeric materials, and it
can be released later either as a result of demolition
activities or by heating the polymer.
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Appendix D

Committee Meetings

FIRST COMMITTEE MEETING,
OCTOBER 20-22, 2009,
TOOELE AND SALT LAKE CITY, UTAH

Objective: To introduce required administrative proce-
dures set forth by the National Research Council, read
the committee statement of task and background review
with committee sponsor, receive detailed process and
equipment briefing presentations, review preliminary
report outline and report-writing process, confirm com-
mittee writing assignments, and discuss next steps and
future meeting dates.

U.S. Army Chemical Weapon Demilitarization 101, Mr.
Ted Ryba, Site Project Manager, TOCDF Field Office

Consideration of Statement of Task, Dr. Peter B. Leder-
man, Chairman, CMA Closure Committee; and Mr. Raj
Malhotra, Special Projects Officer, CMA

Final JACADS Closure Lessons Learned, Ms. Carla
Heck, Project Manager, URS

CMA’s Site and Programmatic Closure Experience,
Ms. Amy Dean, Environmental Engineer, Project Man-
ager for Elimination of Chemical Weapons, Chemical
Materials Agency

NECDF Closure Experience, Mr. Jerry Spillane, Clo-
sure Engineer, NECDF
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Status of Sites’ Closure Planning and Schedules, Mr.
Tim Garrett, Site Project Manager for ANCDF, Chemi-
cal Materials Agency

Established Infrastructure for Sharing of Lessons, Mr.
Raj K. Malhotra, Special Projects Officer, Risk Man-
agement Directorate, Chemical Materials Agency

TOCDF and CAMDS Closure Scope, Schedule and
Status, Team Partners/Stakeholders and Their Respon-
sibilities, Ms. Elizabeth Lowes, Deputy General Man-
ager, Closure Integration, EG&G

SECOND COMMITTEE MEETING,
NOVEMBER 3-4, 2009, WASHINGTON, D.C.

Objective: To review the draft report, produce a pre-
liminary concurrence draft report, determine what
is not yet known and how to learn it, and determine
the path forward. Only committee members and staff
attended.

THIRD COMMITTEE MEETING,
JANUARY 26-28, 2010,
DESERET CHEMICAL DEPOT, UTAH

Objective: To introduce required administrative proce-
dures set forth by the National Research Council, read
the committee statement of task and background review
with committee sponsor, receive detailed process and
equipment briefing presentations, review preliminary
report outline and report-writing process, confirm com-
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mittee writing assignments, and discuss next steps and
future meeting dates.

U.S. Army Chemical Weapon Demilitarization 101, Mr.
Ted Ryba, Site Project Manager, TOCDF Field Office

Consideration of Statement of Task, Dr. Peter B. Leder-
man, Chairman, CMA Closure Committee; Mr. Raj
Malhotra, Special Projects Officer, CMA

Response to Letter Report on Review and Assessment
of Closure Plan, TOCDF Staff

Programmatic Closure Strategy Document Develop-
ment and Status of Sites’ Closure Planning and Sched-
ules, Ms. Carla Heck, Closure Manager, URS

Regulatory Challenges, Ms. Amy Dean, Team Leader,
Closure and Secondary Waste, HQ, CMA

FOURTH COMMITTEE MEETING,
MARCH 1-3, 2010, EDGEWOOD, MARYLAND

Objective: To review and revise the report concept
draft, determine what is not yet known and how to learn
it, and a path forward.

Status of Overall Closure Planning, Ms. Amy Dean,
Team Leader, Closure and Secondary Waste, HQ,
CMA

FIFTH COMMITTEE MEETING,
APRIL 22-23, 2010, WASHINGTON, D.C.

Objective: To review the draft report, produce a pre-
liminary concurrence draft, determine what is not yet
known and how to learn it, and a path forward.

VIRTUAL MEETING,
MAY 17, 2010

Objective: To discuss portions of the report draft,
resolve remaining issues, and generate a document that
is ready for concurrence. This meeting was conducted
over the Web, with document editing carried out online
and in real time and an accompanying teleconference.

VIRTUAL MEETING,
MAY 18, 2010

Objective: To discuss portions of the report draft,
resolve remaining issues, and generate a document that
is ready for concurrence. This meeting was conducted
over the Web, with document editing carried out online
and in real time and an accompanying teleconference.

SIXTH COMMITTEE MEETING,
JUNE 2-4, 2010, WASHINGTON, D.C.

Objective: To review the draft report, produce a concur-
rence draft, reach concurrence, and determine a path
forward.

URS CLOSURE COLLABORATION AND
ALIGNMENT TEAM MEETING,
JUNE 15-17, 2010, DENVER, COLORADO

Objective: To observe the quarterly meeting of the
baseline incineration chemical agent disposal facility
closure managers and teams.

Site Team
Peter B. Lederman, committee chair

W. Leigh Short, committee member
Nancy T. Schulte, study director
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Biographical Sketches of Committee Members

Peter B. Lederman retired as executive director,
Hazardous Substance Management Research Center,
and Executive Director, Office of Intellectual Property,
New Jersey Institute of Technology. He is active as
the principal of Peter Lederman & Associates. He is
a member of the Science Advisory Board of the New
Jersey Department of Environmental Protection. He has
a Ph.D. in chemical engineering from the University
of Michigan. Dr. Lederman has more than 50 years
of broad experience in all facets of environmental
management, control, and policy development; con-
siderable experience in hazardous substance treatment
and management; process design and development in
the petrochemical industry; and more than 18 years of
experience as an educator. He has industrial experience
as a process designer and has managed the development
of new processes through full-scale plant demonstra-
tions. He is well known for his work as a professor in
chemical process design. He led his company’s safety
program in the early 1980s. He directed the nation’s
oil spill R&D effort in the 1970s when he was at the
Environmental Protection Agency. Dr. Lederman is
a registered professional engineer, registered profes-
sional planner, and a diplomate in environmental engi-
neering. Dr. Lederman has also worked at the federal
(EPA) and state levels with particular emphasis on
environmental policy. He is a national associate of the
National Academies. Dr. Lederman has been a chair
and a member of several NRC committees related to the
demilitarization of chemical weapons, including serv-
ing as chair of the “Stockpile” Committee from 1999
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to 2003 and chairing the committee that produced the
2002 NRC report Closure and Johnston Atoll Chemical
Agent Disposal System.

Gary S. Groenewold is a staff scientist who has
conducted research in surface chemistry, gas-phase
chemistry, and secondary ion mass spectrometry at
the Idaho National Laboratory (INL) since 1991. His
research has focused on determining the speciation of
absorbed radioactive and toxic metals (U, Np, Pu, Am,
Hg, Al, and Cu) and organic compounds (e.g., VX, G
agents, HD, organophosphates, amines, and sulfides).
Prior to this, Dr. Groenewold served three years in line
management at the INL and as the technical leader of
an environmental organic analysis group. Before going
to the INL, Dr. Groenewold worked in anticancer drug
discovery for Bristol-Myers, using mass spectrometry
as an identification tool. He received his Ph.D. in chem-
istry at the University of Nebraska, where he studied
ion-molecule condensation and elimination reactions in
the gas phase. He has authored 85 scientific publica-
tions on these subjects.

Deborah L. Grubbe is currently the president of
Operations and Safety Solutions, LLC. Most recently
she was vice-president, Group Safety and Industrial
Hygiene, for BP International where she was account-
able for providing global safety leadership in all busi-
ness areas. Prior to that, Ms. Grubbe was employed by
DuPont in Wilmington, Delaware, where she held cor-
porate director positions in safety, operations, and engi-
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neering. Her many assignments have included capital
project implementation, strategic safety assessments,
manufacturing management, and human resources.
In 2007, Ms. Grubbe chaired the National Institute
of Standards and Technology Visiting Committee for
Advanced Technology. She has served as a consultant
to the Columbia Shuttle Accident Investigation Board
and has been appointed to the NASA Aerospace Safety
Advisory Panel. From 2005 to 2008, Ms. Grubbe was
a member of the Board of Directors of American Insti-
tute of Chemical Engineers, and she sat on the Board
of Advisors to the Center for Chemical Process Safety.
She is currently a member of the Board of Trustees of
the National Safety Council. She serves as a member
of the Purdue University College of Engineering Advi-
sory Council and was the first woman and youngest
elected member on the State of Delaware Registration
Board for Professional Engineers (1985-1989). Ms.
Grubbe graduated with a B.S. in chemical engineer-
ing with highest distinction from Purdue University.
She received a Winston Churchill Fellowship to attend
Cambridge University in England, where she received
a Certificate of Post-Graduate Study in Chemical
Engineering. She is a registered professional engineer
in Delaware. Ms. Grubbe has been a member of sev-
eral NRC committees related to the demilitarization
of chemical weapons, including the committee that
produced the 2002 NRC report Closure and Johnston
Atoll Chemical Agent Disposal System.

John R. Howell (NAE) is the Ernest Cockrell, Jr.,
Memorial Chair and Baker Hughes Incorporated Cen-
tennial Professor of Mechanical Engineering at the
University of Texas at Austin. He is a former director
of the Advanced Manufacturing Center at the Univer-
sity of Texas. Professor Howell received his Ph.D. in
engineering, his M.S. in chemical engineering, and his
B.S. in chemical engineering, from the Case Institute
of Technology (now Case Western Reserve University).
Professor Howell joined the faculty of the University
of Texas at Austin. He has received national and inter-
national recognition for his continuing research in
radiative transfer, particularly for adapting Monte Carlo
techniques to radiative transfer analysis. His recent
research has centered on inverse analysis techniques
applied to the design and control of thermal systems
with significant radiative transfer. Professor Howell
served on the NRC Committee to Review and Assess
Developmental Issues Concerning the Metal Parts

Treater Design for the Blue Grass Chemical Agent
Destruction Pilot Plant, as well as the NRC Panel on
Benchmarking the Research Competitiveness of the
United States in Mechanical Engineering. He is a mem-
ber of the National Academy of Engineering.

Todd A. Kimmell is principal investigator with the
Environmental Science Division at the U.S. Depart-
ment of Energy’s Argonne National Laboratory. He
is an environmental scientist and policy analyst, with
more than 30 years of experience in solid and hazardous
waste management, permitting and regulatory com-
pliance, cleanup programs, environmental programs
policy development, and emergency management
and homeland security. He has supported the Army’s
chemical and conventional munitions management
programs, and has contributed to the Army’s Assem-
bled Chemical Weapons Assessment Program and the
Chemical Stockpile Emergency Preparedness Program.
Mr. Kimmell also has a strong technical background in
analytical and physical/chemical test method develop-
ment, and analytical quality assurance and control. He
has served on the Environmental Protection Agency’s
National Homeland Security Research Center on envi-
ronmental test methods for chemical, biological, and
radiological assessment for emergency response. Mr.
Kimmell has also supported a number of environmental
permitting programs at Army chemical weapons stor-
age sites and at open burning/open detonation sites. He
graduated from George Washington University with an
M.S. in environmental science.

Kalithil E. Philipose is a senior research engineer
and project manager with Atomic Energy of Canada
at the Chalk River Laboratories Centre. He holds a
master’s degree in civil and structural engineering and
is a registered professional engineer with the province
of Ontario, Canada. He has more than 35 years of
experience on various projects involving design and
construction of nuclear waste disposal facilities and
decommissioning of major facilities contaminated with
highly radioactive waste materials. He was responsible
for developing a durable concrete with an engineered
service life of 500 years for a low-level waste reposi-
tory. His responsibilities included decommissioning
planning of large, buried carbon steel tanks containing
heels of high-level waste, and research and develop-
ment on the storage of cement-grouted fissile high-
level liquid waste, development of aging management
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program guidelines for detection and monitoring of
aging related degradation, and mitigation for nuclear
generating stations and waste disposal facilities.

Louis T. Phillips is director of engineering for Resource:
PM. Most recently he was a senior process design con-
sultant for Sunoco, Inc., Philadelphia. Prior to that,
he was a process design engineer for ICI Americas in
Wilmington, Delaware. He has more than 33 years of
experience in process plant engineering; his assign-
ments have included process design, project engineer-
ing, decommissioning, and maintenance, along with
safety relief system and hazop studies. At Sunoco he
was the project manager for decommissioning of a
lubricants storage and blending facility that included
removing from service more than 200 storage tanks
while complying with Pennsylvania storage tank envi-
ronmental regulations. Mr. Phillips was responsible for
authoring the Sunoco mothballing, decommissioning,
and demolition procedures and was program manager
for these efforts throughout the Northeast Refining
Division. Mr. Phillips has authored a publication on
decommissioning of process plants. He received his
M.S. in chemical engineering from Villanova Uni-
versity and his B.S. in chemical engineering from the
New Jersey Institute of Technology. He is a registered
professional engineer in Pennsylvania, New Jersey,
and Delaware.

Danny D. Reible (NAE) is currently the Bettie Marga-
ret Smith Chair of Environmental Health Engineering
Coordinator for the University of Texas. He received a
B.S. from Lamar University and an M.S. and a Ph.D.
from California Institute of Technology—all in chemi-
cal engineering. Dr. Reible leads both fundamental and
applied efforts in the assessment of risks of hazardous
substances. Dr. Reible has led the development of in situ
sediment capping, and he has evaluated the applicability
of capping technology to a wide range of contaminants
and settings including PAHs from fuels, manufactured
gas plants and creosote manufacturing facilities, PCBs,
and metals. He has also advised both industry and regu-
latory groups on the applicability and design of capping
for remediation at a variety of specific sites. His research
has focused on the natural attenuation processes of con-
taminants as a result of a variety of processes in the envi-
ronment. These processes are biological, chemical, and
physical in nature, and thus the research has encouraged
the development of interdisciplinary teams focused on
understanding and manipulating these processes. He is
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a professional engineer who has also advised industry
and regulatory groups.

W. Leigh Short, with a Ph.D. in chemical engineering
from the University of Michigan, retired as a principal
and vice president of Woodward-Clyde responsible for
the management and business development activities
associated with the company’s hazardous waste ser-
vices in Wayne, New Jersey. Dr. Short has expertise in
air pollution, chemical process engineering, hazardous
waste services, feasibility studies and site remedia-
tion, and project management. He has taught courses
in control technologies, both to graduate students and
as a part of the EPA’s national training programs. He
has served as chairman of the NO, control technology
review panel for the EPA. Dr. Short’s considerable proj-
ect management experience related to remediation and
closure of large industrial sites is of direct application
to the work of this committee. Dr. Short was a member
of the committee that produced the 2002 NRC report
Closure and Johnston Atoll Chemical Agent Disposal
System.

Leonard M. Siegel is executive director of the Moun-
tain View, California-based Center for Public Envi-
ronmental Oversight (CPEO), a project of the Pacific
Studies Center that facilitates public participation in
the oversight of military environmental programs, fed-
eral facilities cleanup, and Brownfields revitalization.
He is one of the environmental movement’s leading
experts on military facility contamination, community
oversight of cleanup, and the vapor intrusion pathway.
For his organization, he runs two Internet newsgroups:
the Military Environmental Forum and the Brownfields
Internet Forum. Mr. Siegel also serves on numerous
advisory committees. He is a member of the Interstate
Technology & Regulatory Council’s work team on
permeable reactive barriers, the Department of Toxic
Substances Control (California) External Advisory
Group, and the Moffett Field (former Moffett Naval
Air Station) Restoration Advisory Board.

David A. Skiven is currently serving as co-director of
the Engineering Society of Detroit (ESD) Institute. He
is recently retired as the executive director of the Gen-
eral Motors Corporation Worldwide Facilities Group.
As GM’s Center of Facilities Expertise, the Worldwide
Facilities Group is responsible for providing global
leadership in the facilities, utilities, construction, and
environmental segments, allowing corporate clients
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to focus on their core business, resulting in structural
cost savings and improved utilization of assets. After
joining GM’s Fisher Body Division in 1970, Mr.
Skiven worked in various engineering operations. He
was plant engineer at the Fisher Guide-Trenton, New
Jersey, plant from 1981 to 1985. Subsequently, he was
named manager of Manufacturing Planning, Industrial
Engineering, and Facilities at Fisher Guide Division’s
General Office. In 1985, he was appointed manager
of Facilities and Future Programs Manufacturing
Engineering for the Saturn Corporation. In 1992, Mr.
Skiven was promoted to director of Plant Environment
and the Environmental Energy Staff, and in early 1993,
he was appointed executive director of the Worldwide
Facilities Group. He has served on the NRC’s Board
on Infrastructure and the Constructed Environment.
Mr. Skiven has been a frequent advisor to a number
of federal facilities organizations, including the U.S.
Navy and the U.S. Air Force. He is currently consult-
ing in the facilities-related fields. He is also on the
Board of Directors of BioReaction, Inc., a pollution
control technology company. He recently received
ESD’s Horace H. Rackham Humanitarian Award, the
highest award given by the society. Mr. Skiven has a
B.S. from General Motors Institute (GMI) and an M.S.
from Wayne State University. He is also a registered
professional engineer.

Sheryl A. Telford is director of the DuPont Corporate
Remediation Group, managing the company’s global
environmental remediation responsibilities. Prior to
joining DuPont, she was an environmental policy

manager at PSEG in Newark, New Jersey, working on
issues related to land use, waste, and site remediation
programs for the company’s combined electric and
gas businesses. She has 10 years of experience as an
environmental regulator in the New Jersey Department
of Environmental Protection developing program and
policy initiatives for the Site Remediation and Waste
Management programs, including work on the state’s
first Brownfield law. She has presented at numerous
national forums on matters related to site remediation,
redevelopment, and brownfields. She holds a B.A. in
chemistry and physics from Wheaton College.

Lawrence J. Washington, retired corporate vice
president for Sustainability and Environmental Health
and Safety (EH&S), worked for the Dow Chemical
Company for more than 37 years. Among his many
distinctions, Mr. Washington chaired the Corporate
Environmental Advisory Council and the EH&S Man-
agement Board and Crisis Management Team. He also
served as an officer of the company. In his previous role
as corporate vice president, EH&S, Human Resources,
and Public Affairs, Mr. Washington supported the cre-
ation of the Genesis Award Program for Excellence
in People Development and initiated several new pro-
grams to support employee development. His career
included many roles in operations, including leader of
Dow’s Western Division and general manager and site
leader for Michigan operations. Mr. Washington earned
bachelor’s and master’s degrees in chemical engineer-
ing from the University of Detroit.
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