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Dear Ladies and Gentlemen: 

1 9 MAY 1996 

I am pleased to announce the release of the Report of the Defense Science Board (DSB) 
Task Force on Unexploded Ordnance (UXO). Taken in total, the recommendations point to the 
need for the Department of Defense (DoD) to establish a comprehensive UXO prevention and· 
remediation program which will safeguard public interests while responding to the requirements 
of the Department of Defense. 

DoD has already begun to undertake numerous initial actions to implement the Task 
Forces' recommendations in the following areas: 

• The Deputy Under Secretary of Defense (Environmental Security) has been designated as 
the DOD lead for both UXO Remediation/Environmental Restoration and Active Range 
Clearance. This latter responsibility is a collaboration with the Office of the Director, 
Test Systems Engineering & Evaluation. 

• DOD instructions addressing UXO clearance/cleanup have been drafted and are in 
staffing with the Services. These documents span the five categories ofranges: active, 
inactive, and closed, transferring (BRAC), and transferred (FUDS). 

• Program Objective Memorandum Preparation Instructions and Defense Planning 
Guidanct:: direct the Services to quantify the scope and costs ofUXO remediation. 

• Two Integrated Process Teams have been established. One is examining existing lTXO 
remediation contracting practices, and the second is studying personnel qualifications & 
skill standards for this work. Both will provide preliminary findings not later than 30 
June 1998. 

• USD(A&T) established the UXO Center of Excellence (UXOCOE) in May 1997 to 
function as the DoD focal point for UXO clearance and detection technology. The 
UXOCOE mission is to foster the exchange of technical information and ensure the 
coordination of requirements and technology in the UXO arena within DoD and with 
other U.S. government and international agencies, academia, and industry. As part of this 
Center of Excellence, a DoD Executive Committee, chaired by Strategic and Tactical 
Systems, has been established to oversee these efforts to include the development ofDoD 
acquisition master plans. 

• DoD has established a Keystone Dialogue on National Munitions Policy with a wide 
range of state and federal regulators, tribal nations, Non-Governmental Organizations, 



and the public. This is a forum for discussions regarding cradle-to-grave munitions 
policies within DoD. 

2 

Collectively these actions create the framework to institutionalize a full spectrum of UXO 
prevention and remediation actions and to establish a compre~hensive DoD UXO Remediation 
Progr::un. DoD has a plan in place to monitor implementation progress, and we are committed to 
building a strong program based on the report and the initial actions already undertaken. 

Sincerely, 

J. 



This report is a product of the Defense Science Board (DSB). The 
DSB is a Federal Advisory Committee established to provide 
independent advice to the Secretary of Defense. Statements, 

opinions, conclusions, and recommendations in this report do not 
necessarily represent the official position of the Department of 

Defense. 

This report is UNCLASSIFIED. 
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1. CHARGE TO THE TASK FORCE 

The Undersecretary of Defense for Acquisition and TechnolO!:,'Y requested the Defense Science 
Board undertake two separate studies on different aspects of landmines and other unexploded 
ordnance (lJXO ). Phase I examined US landmines, land min.e detecticn and derninmg efforts, and 
alternatives to anti-personnel mines. This Task Force (Phase II) was charged to "examine UXO 
remediation, active range UXO clearance, and Explosive Ordnance Disposal (EOD) efforts. 
Include in this examination, the relationship between the UXO/EOD detection/ 
characterization/clearance and neutralization issues and landmine detection/neutralization issues 
addressed in Phase One. 

In developing its findings and recommendations, this Task Force was tasked to: 

• Review 1) UXO remediation, 2) active range UXO clearance, and 3) EOD programs; 
including the technologies involved, the applicable policies, the pertinent requirements, 
and the organizations involved. 

• Analyze the technologies, development programs, and systems that may improve 1) UXO 
remediation, 2) active range UXO clearance, and 3) EOD efforts. Focus on means to 
make remediation, range clearance and EOD operations cheaper, safer, and/or faster. 
Give particular emphasis to identifying those technologies that can be rapidly developed 
and matured for selective initiation of engineering development and/or production. 
Recommend the combination of technologies, strategies, and doctrines that can best cope 
with the present UXO remediation, UXO clearance, and EOD challenges. 

• Analyze the technologies, development programs, and systems that may minimize or 
preclude the production of UXO, including self-destruct fuzing and self-neutralizing or 
degradable explosives. Give particular emphasis to identifying those technologies that can 
be rapidly developed and matured for selective initiation of engineering development 
and/or production. Recommend the technologies or combination of technologies that 
could be incorporated in future munitions programs to render them less likely to produce 
uXO. Assess current munitions stocks and the potential for retrofitting them with 
technologies that \Vill render them less likely to produce UXO." 



2. EXECUTIVE SUMMARY 

Contamination of land and sea from unexploded ordnance has grown to a level where it now 
presents a serious problem in the United States. The conta!IBnation prevents civilian land use, 
threatens public safety and causes environmental concerns. Estimates provided to the Task Force 
indicate that over 15 million acres in the United States may contain some level of UXO 
contamination, at about 1,500 different sites. This figure does not include the acreage of UXO 
contamination undersea. 

Virtually all UXO contamination in the United States results from weapons system testing and/or 
troop training activities conducted by the Department of Defense (DoD). Property containing 
UXO includes active military sites and land transferring or transferred to private use, such as 
Formerly Used Defense Sites (FUDS) and Base Realignment And Closure (BRAC) sites. DoD's 
responsibiliti~s include providing UXO site clean-up project management, assuring compliance 
with federal, state and local laws and environmental regulations, assumption of liability, and 
appropriate interactions with the public. 

DoD has no specific UXO remediation policy, goals or program. Current UXO site remediation 
efforts are based on decades-old technology and use several procedures that are inefficient, labor­
intensive and costly. Because the suspect sites have not been surveyed, there is great uncertainty 
about the actual size of the UXO problem. However, even if only 5% of suspect acreage needs 
cleanup, remediation costs would still be high (possibly exceeding 15 billion dollars) and times 
would be long (possibly exceeding several decades to complete) using current tecl;nolog1es. L\O 
site remediation in the United States currently is being funded at about $1251\1 per year. excluding 
special clean-up programs (such as the on-going clean-up at Kaho 'olawe, which has funding 
projected to total about $400M). 

RESEARCH AND DEVELOPMENT 

The key to more efficient UXO remediation lies in the products that can come from an aggressive 
development of cost effective remediation technology to replace currently fielded tools and 
practices. The Task Force concludes, howeYer. that DoD is not yet positioned to execute the 
required technology program. Except for the recent Defense AdYanced Research Projects Agency 
(DARPA) initiatives, DoD's ROT &E base lacks a coherent set of technolo~.,y requirements 
specifically designed to support UXO remediation needs. The Services' ROT &E base reflect the 
warfighting needs of the Military Departments. and the UXO support is incidental. Doo·s current 
UXO related ROT &E effort to develop the needed tools is estimated to be about $'.WM per year. 



CURREl'JT APPROACH: "MAG AND FLAG" 

Normandy 1945 Bosnia 1996 

The technologies currently used for sub surface UXO remediation requires \valking with metal 
detection devices, placing a flag at each location of a detection and manually digging up detected 
objects - traditional "Mag and Flag". These techniques are not cost effective for large areas of 
land nor feasible for all terrain. Most important, '"Mag and Flag" surveys are plagued by excessive 
false alarm rates. Some sites will have more than 100 subsurface non-ordnance items (clutter) 
flagged and excavated for each actual ordnance item found and removed. Under normal 
circumstances UXO remediation costs could be as high as $20,000 per acre. How·ever under 
emergency situations. the cost could be much higher. (For example. UXO remediation efforts at 
Spring Valley in Washington. DC, performed between Jan 1993-Jan 1995 under RCRA 
emergency procedures. cost about $45.000 per acre). Highly cluttered sites may require complete 
excavation due to the number of false alarms. Of the approximately $ \ 25M per year spent on 
UXO remediation, about $70-80M per year is expended by using such labor-intensive practices. 

In the near term, the biggest potential improvement in the detection and discrimination of UXO to 
depths of three feet or more is expected to come from a special configuration of magnetometers. 
electromagnetic induction (EMI) and data processing. A magnetometer can measure the change in 
the earth· s magnetic field due to the presence of a nearby object having ma.gnetic permeability. 
An EMI detector imposes an external, time-varying magnetic field on the region and detects the 
effect caused by objects which are electrically conducting (magnetic or nonmagnetic). By using 
arravs of both instruments. and three a."\.is El\II drive, in concert with appropriate computer 
algorithms. and fusion of that information. the operator will be able not only to detect and 
determine the position of an object. but also determine if it is magnetic. estimate whether it is a 
single piece or a cluster of pieces. and estimate its aspect ratio (length to '"idth) and orientation. 
The proper development and application of these technologies is expected to reduce tile ji1/~e 
11/11r1m by about a factor of 10. 
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To obtain such a capability, the Task Force recommends a two track approach. 

Track 1. The first track calls for the aggressive development and demonstration of a baseline 
system-of-systems approach to reduce the false alarms by about a factor of 10. In our 
view, it would be appropriate to conduct a competitive effort by at least two industrial 
systems integration teJ.ms. The development and demonst~:i.b;r: effc:- ; are expected to 
require 3-5 years to achieve the objective and would include demonstration of 
integrated, ground and aerial precision navigation, aerial survey detections of surface 
and near surface objects, vehicular and man portable equipment to detect and 
categorize objects and the appropriate computer architecture, data base and processing 
algorithms. The Task Force emphasizes contractor integrated. to assure common 
communications, navigation, data bases, etc. Over the next 3 to 5 years we would 
expect these activities to average about $20M per year. 

Track 2. The second track would involve an aggressive research and development effort, running 
in parallel with the effort described above. The objectives would be to explore some 
avenues which have received too little attention in the past (e.g., seismic/acoustic, 
neutron activation, synthetic dog's nose, motion of subsurface objects over time, etc.) 
and also to conduct research on those pacing elements used in the baseline approach 
which will benefit from continuing and competitive research, such as the 
characterization of clutter at different sites, clutter rejection algorithms, design of 
sensor arrays, etc. The Task Force proposes that this second track be performed largely 
by universities coupled with industry, and also funded at about $20M per year. 

Since the current UXO-related R&D is funded at about $20M per year, the proposed program 
can be judged as about a two-fold increase. The basic justification for such an increase is that the 
DoD is spending about $I 25M per year on UXO remediation using a very inefficient approach. 
Current understanding of the physics and experimental data to date suggest that by developing the 
proper tools, DoD will save about $60-70M per year. As such, it would be a good and urgent 
investment. 

Once the baseline program demonstrates the required reduction in the false alarm rate, the Task 
Force recommends that DoD rely on industry to commercialize the technologies into systems for 
use in UXO remediation. It \Vill be important to continue the second track activities because of its 
value to DoD range clearing and counterrnine operations, specifically the detection of non­
metallic landmines and the detection and characterization of more deeply buried objects (5-20 
feet) 

lf DoD is to be successful in introducing maJor technological improvements. it will be necessmy· 
not only to verit)· the improvements but also to initiate educational and training programs to 
accomplish two objectives. First. to convince the operational experts that the new· systems are 
safe and can be trusted. And second. to train the operators in the use of the computer and 
associated sofuYare. 

EASING FUTURE UXO PROBLEMS 

A number of steps should be taken to reduce future deposits of unexploded ordnance and ease its 
clean-up. For example. the use of navigational and positioning systems can help map UXO 



locations more precisely, active ranges may employ "fire-finding" instrumentation to accurately 
track ordnance to impact points during tests, and the development of taggants for ordnance and 
explosive materials to help identification of specific UXO on-site. Improved data keeping and 
archiving as well as periodic S\veeping at active ranges will also prove very helpful in reducing 
uncertainties about the type and number of potential tTXO on ranges and help prolong the useful 
life of the range. 

The Task Force recommends including "Render Safe Procedures" and "Disposal Procedures" 
guidance as part of DoD Directive 5000.2R. This action would incorporate these important 
procedures much earlier than the Milestone III decision point, where they currently begin, and 
he! p reduce the number of future UXO. 

ORGANIZATION FOR AND EXECUTION OF DOD-WIDE UXQ REMEDIATION PROGRAM 

The Task Fo~ce recommends the following assignments: 

• To address DoD's management responsibilities for UXO, the Task Force recommends the 
assignment of a focal point within the Office of the Secretarv of Defense (OSD) for oversight 
of UXO remediation activities in the Department of Defense. This focal point would 
recommend UXO remediation objectives and policy to the Secretary of Defense, formulate an 
investment strategy for the allocation of resources based upon the expected performance of 
advanced technology, promulgate the UXO RDT&E program·s priorities (but not set the 
ROT &E program and budget level). establish goals and requirements. and recommend and 
support investments in new technolO!:,'Y to remedy UXO safety and cost issues. The Task 
Force believes the Deputy Undersecretary of Defense/Bnvironmental Security (DUSO/ES) is 
the logical focal point, given its existing responsibilities. 

• Current DoD Active Range policy has a number of gaps that need to be filled. These include 
the inadequate dissemination of some ·1op Secret" information to the UXO/EOD community 
and the cessation of practices that threaten the long term viability of active ranges. The Task 
Force recommends formation of a DoD-\vide Active Range Policy that addresses safety 
issues. advocates range clean-up initiatives to maintain the long-term viability of the range 
(e.g. avoids creating areas with permanent UXO contamination). and that improves 
information management concerning the location and clean-up following the testing/training 
and emergency drops of ""Special Compartmented Ordnance." 

• DoD should develop a risk-based priority system, similar to the Relative Risk Site Evaluation 
Framework for hazardous waste sites, to weigh the many competing UXO needs, based upon 
explosive risks, other human health risks. ecological concerns, and other pertinent factors. 
including current and future property use. Such priority determinations should be made in 
consultation with em·ironmental regulatory agencies and the affected public. The present 
approach to clean-up varies widely from site to site and does not have clearly established 
methods for assessing priorities and risks. A two-stage risk management process should be 
employed. the first stage focusing on immediate responses to UXO risks. and the second 
designed to provide subsequent responses to risks. 

• Many Tribal Lands are Formerly Used Defense Sites (FUDS) and contain substantial amounts 
of UXO The Task Force notes that these Lands present an immediate threat to public safety 
due to insufficient DoD clean-up and lack of tribal go\emmem authority to issue land use 
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restnct1ons. To remedy these immediate safety problems, the Task Force recommends 
accelerated improvement of UXO remediation efforts on Tribal lands. 

• To address the fragmented technology base, the Task Force recommends that the Director, 
Defense Research and Engineering (DDR&E) develop a DoD-wide ROT &E investment 
strate!...JV and initiate an aggressive R&D program ::ilonq the li!"es of the two track appro2.c!: 
described earlier. 

• To address technical challenges and ROT &E funding shortfalls, the Task Force recommends 
establishing a specific UXO ROT &E account controlled by OSD (by Director, Defense 
Research and Engineering) and coordinated with other related ROT &E efforts. The Task 
Force suggests funding the increase in this account over the next 3-5 years by using offsets 
from the total clean-up budget. 

Execution of the ROT &E program will occur through the Services and Defense Agencies, m 
coordination with the Joint l1XO Coordinating Office. 

OUTSOURCING OF LJXQ REMEDIATION WORK 

As the proposed Range Rule and the new Munitions Rule are implemented, we foresee an 
increase in the demands for near term remediation. The Task Force is persuaded that UXO 
remediation is not now and should not he a core competence of the DoD. As a consequence it is 
recommended that incentives be provided to outsource this \vork to industry. The Task Force 
believes that it will be necessary for the U.S. Army Corps of Engineers to modify its contracting 
process for UXO remediation. Current contracting terms tend to discourage the use of new tools 
(technologies that have not been formally certified by DoD as acceptable for use in the contract). 
The current use of a time and materials approach does not provide an incentive for efficiency. 
Strict liability is frequently required of the contractor, creating exposure to long term suits often 
deemed unacceptable by larger companies. The contracting is generally for small tasks. As a 
consequence. most of the remediation is performed by Small and Small Disadvantaged Business 
(Sa) set-asides \vho have no real technology base to offer and very limited technology assets. In 
summary. the result is a remediation program that does not build or expand present industrial 
capabilities. 

The Task Force recommends that UXO site clean up activities be packaged and outsourced 
entirely to contractors to achieve more cost effective solutions. Performance-based contracting 
procedures should be required and the Federal Acquisition Regulations used to relieve private 
companies of unreasonable third party liability and indemnification burdens. Further contractual 
arrangements should provide incentives to stimulate industry to mvest in and use advanced 
technology. The objective is to have industry commercialize and apply DoD developed 
technologies as \veil as to develop their O\\TI proprietary products. 

Equally important is the need for stable funding. Quarterly funding does not allow the execution 
of a long-term project. because most work is under the Indefinite Delivery Indefinite Quantity 
(IDIQ) concept. This results in needless temporary duty assignments and a significant unnecessary 
cost in travel. 
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Future base closures should have full disclosure of any UXO problems, if any, early on, so the 
public, Congress and the Administration will be aware of any UXO issue and the likely costs for 
certain land reuse so that property use and transfer plans can be made accordingly. 

The Task Force review of UXO (and EOD) technologies currently used at active ranges revealed 
a dependence on outdated techniques and tools. Improvements are needed in the technology and 
tools used at these ranges to help ensure better safety of personnel and to maintain long term 
viability of the ranges. 

Scrap material sold to wholesalers has also inadvertently contained UXO. A policy is needed to 
direct the processing of all scrap material that is potentially contaminated with UXO. Active 
ranges should have ready access to suitable processing equipment, such as flash furnaces, to 
process this scrap material. 
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3. INTRODUCTION AND BACKGROUND 

THE uxo PROBLEM: How BIG? 

DoD defines --explosive ordnance·' as any munition, \Veapon delivery system, or ordnance item 
that contains explosives, propellants or chemical agents. For this r.:pcr1.:, unexploded ordnance 
(UXO) consists of these same items after they (1) are armed or otherwise prepared for action, (2) 
are launched, placed, fired, or released in a way that they cause hazards, and (3) remain 
unexploded through malfunction or otherwise armed. 

UXO contamination of land and sea has grown for decades and now presents a serious problem in 
the United States. The contamination prevents civilian land use, threatens public safety and causes 
environmental concerns. Estimates provided to the Task Force indicate that over 15 million acres 
in the Unites States may contain some level of UXO contamination, on about 1,500 different 
sites. This figure does not include the acreage of UXO contamination undersea, which may be 
even larger. 

At present, UXO-related injuries in the United States are infrequent. For example, in 1996 
CONUS DoD Ranges experienced two injuries and two deaths due to UXO. The situation 
overseas is much different, however, due to the exposure of large civilian populations to Anti­
Personnel Landmines (APL) and UXO contaminated areas. According to the International Red 
Cross, 2000 people outside the United States are injured or killed every month by landmines. 
These APL/UXO related casualties demonstrate the dangers inherent to civilian populations when 
they are exposed to APL/UXO contaminated land. And some US military peacekeeping and 
humanitarian operations are conducted in such areas. (Point of clarification: there are definitional 
distinctions bet\veen UXO and Anti-Personnel Landmines. However in the context of this report 
UXO related technologies apply across the five functional areas of Countermining, Explosive 
Ordnance Disposal. Humanitarian De-mining, Active Range Clearance, and Environmental 
Remediation.) 

Most UXO in the United States is the result of weapons system testing and troop training 
activities conducted by the DoD. Property containing UXO includes active military sites and land 
transferred to private use. such as Formerly Used Defense Sites (FUDS). and Base Realib'Ilment 
And Closure (BRAC) sites. 

As defined in this report. UXO remediation focuses on efforts to clean FUDS and BRAC sites for 
prirnte use and to maintain the long term viability of active ranges. Remediation efforts also 
include developing tools and techniques designed to reduce the number of future UXO. 

Adding to its inherent complexity. UXO remediation also inrnlves communities and the full range 
of government. including Federal. State. Tribal, and local agencies. 

The increased concern about the UXO situation has been driven largely by base closure activities 
and the development of the Range and Munitions Rules. Accordingly. the DoD is in the process 
of enhancing its capabilities to address the situation. 



DoD's UXO responsibility includes providing UXO site clean-up project management, assuring 
compliance with state and local laws and environmental regulations, assumption of liability, and 
appropriate interactions with the public. 

GOVERl'JMEl'H ACTIOl'JS 

The government has taken a number of recent actions concerning UXO remediation. In the 
confere~ce report accompllilying the National Defense Authorization Act for Fiscal Year 1994, 
Congress directed DoD to undertake a large scale detection and clearance technology 
demonstration. An Advanced Technology Demonstration was mandated by Congress and funded 
for Fiscal Years 1993 and 1994. 

Congress also directed the Army to develop technologies for detection, neutralization and 
removal of mines for Operations Other Than War in the FY 1995 National Defense Authorization 
Act conference report. The House Committee on National Security cited the need for a central 
authority to -plan, oversee, and coordinate the research, development and acquisition of the 
technology applicable to area ordnance clearance. 

The General Accounting Office (GAO) in its September 1995 report "UNEXPLODED 
ORDNANCE: A Coordinated Approach to Detection and Clearance Is Needed," recommended 
that the Secretary of Defense consult \.Vith other agencies involved and then develop a plan on 
how such a multi-agency clearinghouse would work and urged that an executive agent be 
designated to serve this clearinghouse function. 

GAO identified over 20 US organizations that conduct or fund research and development on 
systems to detect and clear UXO. The Secretary of Defense was directed to prepare a plan to 
define research and development priorities, program management, and cooperative activities with 
international programs. 

CHANGING PRIORITIES 

The military priorities affecting UXO removal ha\'e changed dramatically. Historically, UXO 
removal was required to improve our warfighting capability and training. The primary mission for 
traditional Explosi\'e Ordnance Disposal (EOD) is to support the tempo of traditional military 
operations. This EOD focus is on point-removal of explosive hazards (e.g. dud fired conventional 
munitions). In those cases where area clearance is needed (such as in ammunition storage areas 
after a detonation) normally only a surface clearance is performed. 

Today, the importance of UXO has been greatly expanded by the emergence of Operations Other 
than Warfare (OOTW). peacekeeping and other non-traditional missions as primary tasks of US 
forces. Correct handling of UXO now is a kev to effectiveness in these new military operations. 

UXQ IS NOT MILITARY EXPLOSIVE ORDNANCE DISPOSAL OR COUNTERMINE 

Currently. UXO remediation is handled as if it \\'ere an Explosi\'e Ordnance Disposal (EOD) 
problem. largely because the EOD community is the closest matching resource presently a\'ailable 
for UXO remediation. But maJor differences exist bet\veen LXO remediation and the traditional 



Expfosive Ordnance Disposal (or Countermine) communities in the Department of Defense. These 
differences must be understood to effectively address the UXO remediation problem. 

UXO remediation involves a complex set of tools, skills, personnel, training and requirements. 
The ultimate goal of UXO remediation is to permit safe public use of contaminated lands - a 
problem that requires tools and skills capable of detecting and removing deeply buried l.iXO 
(down to 20 feet or more) with high confidence. Required skills will include knowledge of 
ordnance recognition, computer and associated software, precise mapping, sub-surface geo­
physical methods of detection and characterization, Occupational Safety and Health 
Administration safety training, explosives handling, blaster skills and data management. UXO 
remediation also requires the expertise to handle complex legal, policy and safety problems 
involved when transferring UXO sites to private use. UXO remediation efforts could employ 
EOD-style surface clearance tools, but only as a first step in the full remediation of a site. 

Conversely, Explosive Ordnance Disposal/Countermine (EOD/CM) efforts are militarv missions 
designed to clear UXO and mines in support of combat operations. Countermine efforts focus on 
minefield breaching, while EOD efforts normally focus on clearance of UXO on the surface or 
near surface (but can involve the recovery of test ordnance at ranges). Unlike lJXO remediation 
of sites, which may be studied in-depth by clean-up crews, EOD/CM areas typically must be 
cleared quickly to support combat operations. Typical non-combat EOD mission involves the 
elimination of an immediate threat from explosive ordnance to life or property in an emergency 
response role. EOD/CM operations, skills, tools and methods therefore focus on speed, work to 
clear a pathway through the area, generally avoid subsurface UXO and do not involve the 
complex issues associated with past or current land transfer. 

ACTIVE RANGE CLEARANCE IS ALSO DIFFERENT 

The requirements and practices for UXO clearance at active ranges are different from those for 
environmental UXO remediation or combat explosive ordnance disposal. Active range clearance 
is usually surface clean-up, \vithout the urgency of countermine operations. But there are also 
requirements and additional hazards in the recovery of experimental ordnance, sometimes deeply 
buried, for \Vhich there may be limited descriptions or documentation. Clean-up at active ranges 
by EOD units also provides training in EOD operations for these units. 

PROPOSED RANGE RULE REQUIREMENTS/PROCESS 

The Proposed Range Rule. which has been si,gned by the Office of Management and Budget and 
appeared in the Federal Register for public comment on September 26, 1997, is a DoD originated. 
interagency-coordinated document that will set forth a process for evaluating appropriate 
responses/actions on closed. transferring, and transferred ranges. Closed ranges are on active 
installations while transferring ranges are in a BR.AC status. Transferred ranges are those in the 
FUDS program. 

The Proposed Range Rule process involves five phases through close out. 

Phase l: Inventory the sites 
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Phase 2: Assess and determine accelerated response needs 
Phase 3: Evaluate and take site-specific action 
Phase 4: Recurring reviews (includes options for protective processes and 
monitoring) 
Phase 5: Close out 

The Task Force wishes to emphasize the importance to DoD of prompt implementation of the 
proposed Range Rule, especially for the Phase I inventory of sites. It is important for DoD to 
quickly identify and characterize the universe of UXO sites, and to research, develop and update 
realistic working estimates of the cost of clearance or other forms of response consistent with 
anticipated reuse. 

Mu~1mo~1s RULE 

The military-Munitions Rule was signed and released by the Environmental Protection Agency 
(EPA) on February 3, 1997. The rule became effective on August 12, 1997. The Rule is the 
culmination of a major effort by the Federal GoYernment (particularly EPA and DoD), States, 
Tribes and other interest groups. It was developed in response to a Congressional mandate in the 
Federal Facility Compliance Act. 

Several aspects of the Munitions Rule are of particular importance to UXO clean-up. It defines 
\vhe11 :--'."!litions are waste. This triggers the legal requirements which result in additional 
administratiYe au:. ~" regarding reporting, storage and disposal vvhich generally increases 
management costs. It also pru-·;rl~s for conditional exemption for storage and transportation of 
military munitions. Additionally, the Ruk Lc>Gif<>o:; lon?-sta..1ding EPA exemptions for emergency 
response actiYities involving munitions and explosives. ni~ Ru!..: _ ~."Jes active and inactive 
ranges from most Resource Conservation Reco\'ery Act (RCRA) requirements. 

It is expected that the Range Rule vvill be in effect by fall of l 998. Once the Range Rule is 
promulgated. EPA is expected to modify the Munitions Rule to defer to the Range Rule ·s 
requirements for UXO remediation. 
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4. FINDINGS AND RECOMMENDATIONS REGARDING UXQ 
REMEDIATION 

A. Policy 

FINDINGS 

A review of current policy shows that DoD has no specific UXO remediation policy or program 
as it is all subsumed in the DoD Environmental Restoration Program DODI 4715.7. In fact, UXO 
is not even mentioned in that document While, there is no uniform DoD UXO 'Remediation 
Policy to guide all affected DoD components, DoD Directive 6055. 9 does provide specific safety 
and restoration clean-up standards for all DoD lands to include Formerly Used Defense Sites 
(FUDS) acti~ties 

As a result, there are no specific DoD-wide UXO clean-up goals, objectives, or management 
plans. Consequently, UXO remediation decisions today are made within the individual Services, 
where UXO remediation requirements are forced to compete against traditional warfighting and 
toxic waste clean-up requirements. Tr the current period of declining budgets, this competition has 
resulted in UXO efforts being r'.?:.·_ ted to "housekeeping duties" at the activity or installation 
1\.!\ e1. 

There are a number of deleterious consequences ot Li;;:: lack of policy guidance regarding UXO 
management of training and test ranges which puts the long-tern< ·:i "'hility of those sites at risk - a 
problem of particular importance to active test ranges. 

Many Tribal Lands are FUDS and today still contain substantial amounts of UXO. The Task 
Force notes that these lands currently are used for private activities, such as farming, and present 
an immediate public UXO hazard due to insufficient DoD clean-up and the lack of tribal 
government authority to issue land-use restrictions. 

RECOMMENDATIONS 

To address DoD's unmet management responsibilities in UXO, the Task Force recommends the 
establishment of an OSD focal point for oversight of UXO activities in the Department of 
Defense. 

This focal point would recommend UXO remediation objectives and policy to the Secretary of 
Defense. formulate an investment strategy that sets the expenditure of resources on remediation 
(based upon the DDR&E's estimate of the performance to be gained from the application of 
advanced technology), promulgate the UXO RDT&E program·s priorities (but doesn·t set the 
ROT &E program or budget), establish goals and requirements, and recommend and support 
investments in new technology to remedy UXO safety and cost issues. 

The Task Force believes the Office of the Deputy Undersecretary of Defense/Environmental 
Security is a logical focal point for several reasons. First, because of its long experience in 
working/partnering with the private sector as well as em·ironmental regulatory agencies. the 
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Environmental Security Office is well equipped to promote private sector investment, transfer 
scientific knowledge and technolobry to the private sector, and win regulatory acceptance/ 
support. 

Second, as DoD's front line in facing communities concerned about environmental and public 
safety hazards, environmental security is likely to emphasize those aspects of ordnance response 
technology that are unique to this mission. For example, environmental UXO response requires 
attention to subsurface UXO. 

Third, to leverage DoD investment in technology in related mission areas, as well as share the 
fruits of environmental UXO research and development, there needs to be a focal point in 
Environmental Security. The Task Force notes the Department's recent decision to improve and 
coordinate such activity. We believe that the entire effort will benefit from the creation of an 
office within DUSD(ES) to lead OSD's UXO response. 

The Task Force recommends that the DUSD(ES) take the policy lead for DoD UXO remediation 
efforts, in coordination with other relevant DoD components. 

DUSD(ES) should: 

!dentifa the needed Congressional actiom that will drive UXO requirements for an improved 
nnD program, including the likely FUDSIBRAC sites with high congressional priority and those 
closed rw1p,L.~ that should be converted to more productive uses. To date, neither DoD nor the 
private sector fully appr-:ciak t:~-: ;r''"!~mit11de of UXO r .?rnediation. Therefore, we recommend the 
establishment of a closed range UXO remediation im-: ll-.''ll in the Environmental Security budget. 
This line item vvill offer the DoD and Congress the opportunn~,· tc :!Ptennine the proper level of 
effort for UXO response; it will provide the information th:it both the DoD and the pn vate sector 
need in order to develop plans for investment of technolOb'Y, personnel, and other resources 
appropriate to the clean-up task; and it will make it easier to apply relative risk principles to the 
allocation of UXO project money without comparison to totally different kinds of risks. The 
OSD-managed Program Element \vould be managed by DUSD(ES), executed by 
Services/Agencies (or Executive Agent designation) and help ensure transition funding in out 
years. 

Provide recommendations to Congress concerning appropriate clean-up budgets based on a 
DoD UXO remediation plan: 

• Develop a two-stage risk management process. 
• Use clean-up budgets as the market incentive to attract industry. 
• Provide the needed interface between industry and in-house DoD efforts. 

Develop a risk-based priority system similar to the Relative Risk Site Evaluation Framework for 
hazardous waste sites. to \Veigh the many competing UXO needs, based upon explosiYe risks, 
other human health risks, ecological concerns, and other pertinent factors, including current and 
future property use. Such priority determinations should be made in consultation with 
environmental regulatory agencies and the affected public. The present approach to clean-up 
varies widely from site to site and does not have clearly established methods for assessing 
priorities and risks. A two-stage risk management process should be employed, the first stage 
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focusing on immediate responses to UXO risks, and the second desi!:,rned to provide subsequent 
responses to risks. 

Accelerate the improvement of UXO remediation efforts on Tribal lands. Many Tribal Lands are 
Formerlv Used Defense Sites (FUDS) and contain substantial amounts of UXO The Task Force 
notes that these Lands present an immediate public UXO threat due to insufficient DoD clean-up 
and lack of Tribal government land use restrictions. 

Create a DoD-wide Active Range Policy that ensures the safety of people, directs the use of UXO 
practices that maintain the long-term viability of the range (e.g. avoids creating areas with 
permanent UXO contamination), and that improves information management concerning the 
clean-up from activities involving the expenditure of "Special Compartmented Ordnance." 
Current DoD Active Range policy has a number of gaps that need to be filled. Some major gaps 
include the inadequate dissemination of "Special Compartmented Information" i.e., "Top Secret," 
to the UXO/EOD community and the continuation of practices that may threaten the long term 
viability of the active range. 

Tasks in managing UXO remediation are: 

• Prepare a site master plan that establishes the end state for each location that is identified for 
clean-up, including what should be left in place and what should be cleaned to an agreed upon 
level to accommodate future land use. 

• Identify, evaluate and, where appropriate. remediate the threat from UXO. 
• Ensure that "lessons learned" are spread throughout all remediation communities. 

• Ensure immediate action to remove imminent threats to public safety. 

Risk management strategies are needed to handle the \\·idespreac ·resence of unmapped UXO in 
areas where members of the public are (or may be) exposed to serious explosive hazards. While 
many locations \vill require facility-specific plans, \Ve believe that the general approach should be 
to divide responses into at least two stages. 

The immediate goal must be to eliminate potential public exposure to UXO. This may be 
accomplished through surface clearance. physical controls such as fences, and/or legal restrictions 
(on digging. for example). In areas \\·here subsurface UXO is known to migrate to the surface. 
these responses must receive periodic maintenance. 

Because current remediation capabilities are so inefficient. they should be used primarily on 
relatively small areas containing surface or near surface, ferrous-based UXO. Hov,:ever. currently 
there is no safe. reliable. cost-effective method for clearing large areas of subsurface UXO. 
despite the fact that the intended use of some properties clearly requires large scale. subsurface 
remediation. 



Jn many areas, current clean-up capabilities cannot render sites safe for their intended reuse. 
Rather than rush to clear these large areas with current tools, DoD should make it clear that it will 
conduct an aggressive R&D effort to develop more efficient tools and practices for the more 
thorough and efficient remediation of the sites within a few years. 

Future base closures should have full disclosure of UXO problems, if any, early on, so the public. 
Congress and the Administration will be well aware of any UXO issue and likely costs for certain 
land reuse and so that property use and transfer plans can be made accordingly. 

Scrap range material sold to wholesalers has also inadvertently contained UXO. A policy is 
needed regarding the processing of all scrap material that is potentially contaminated with UXO. 
Active ranges should have ready access to suitable processing equipment, such as flash furnaces, 
to process scrap material. A full discussion of these issues may be found in the Report from the 
Office of the Inspector General "Evaluation of the Disposal of Munitions Items," dated September 
5. 1997. 

To date, neither DoD nor the private sector fully appreciates the magnitude of UXO remediation. 
Therefore, we recommend the establishment of an OSD account for remediation and one for 
ROT &E. These line items will offer the DoD and Congress the opportunity to determine the 
proper level of effort for UXO response: it will provide the information that both the DoD and 
the private sector need to develop plans for investment of technolos'Y, personnel, and other 
resources appropriate to the clean-up task; and it will make it easier to apply relative risk 
principles to the allocation of UXO project money without comparison to totally different kinds of 
risks. The OSD-managed Program Element \vould be managed by DUSD(ES), responsive to the 
DDR&E UXO RDT&E plans and programs and executed by Services/Agencies (or Executive 
Agent designation) and help ensure transition funding in out years. 

B. DoD UXO Remediation Requirements 

FINDINGS 

UXO remediation is generally performed by priYate sector companies under contract to the 
goYemment. Typically these are time and material contracts desit,'lled for Response Action 
Requirements as opposed to long-term projects. The guidelines describing their UXO effort 
largely is found in addenda to government contracts, such as Work Plans. There does not appear 
to have been a rigorous analysis of UXO remediation tasks. As a result. there is no documentation 
of the areas \\ith the highest potential payoff for the benefits oftechnolos'-Y to be applied. 

DoD recently has undertaken several initiatives with the objectiye of addressing the requirements 
issue. The first is an in-house effort to develop specific requirements. This effort is closely linked 
to the ad hoc oversight organization DoD put into place to tie together all the related mission 
areas dealing \Vith removing UXO contamination from the ground (Countermine. EOD Ordnance 
Disposal. Humanitarian Demining, Active Range Clearance and Environmental Remediation). 
These efforts are too recent to ha Ye yielded measurable results and ifs too early to predict their 
overall contribution to solYing the problems. 

The lack of formal UXO requirements creates problems inrnlving processes and procedures. An 
example of such a problem imol ves the current practice of military aircraft being permitted to 
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drop live ordnance in designated areas (such as military test ranges) during flight emergencies. 
While current practice permits dropping the ordnance, it does not require sufficiently detailed 
reporting to operators of the range regarding what and where ordnance was dropped. This means 
that because of such activities, test ranges may have substantial amounts of UXO that is of 
unknown type or quantity. In this example, a requiremenLto provide a timely report on such 
emergency actions to the appropriate authority is needed. 

RECOMMENDATIONS 

UXO remediation will compete with other DoD requirements in the annual budget cycle. In order 
to best use the resources allocated to the UXO remediation efforts, every effort must be made to 
eliminate the ad hoc approach to UXO remediation and establish organizational structures and 
priorities that allow UXO remediation to be accomplished in a safe and timely manner. The Task 
Force recommends that the DUSD(ES) coordinate the development of a Requirements Document 
which define~ and codifies UXO remediation missions and tasks. and to also: 

• Write, staff approve and publish materiel requirements documents: 

• Define an investment and acquisition strate1::,>y (DDR&E to provide the ROT &E 
portion): 

• Designate and define roles and responsibilities; 

• Establish an unbiased materiel tester to evaluate results of the R&D program; 
• Publish and periodically update the UXO remediation materiel acquisition Master Plan 

(roadmap showing short-. mid-, and long-term strategy): 

• Provide a constant flow off unds to contractors, to ma.....:imize planning and staffing on a 
project basis. 

C. Technology 

FINDINGS 

The technolo1::,>y and practices currently used in the field have not changed dramatically over the 
last several decades They generally consist of a hand held ma1::,111etometer that detects \vhere the 
earth· s magnetic field is distorted by the presence of a nearby object having magnetic properties 
(e.g. piece of iron). Each time a detection is made. the operator places a flag at the location. At 
some sites it may be necessary to pbce flags e\ ery live or ten feet and at other sites the flags 
might be separated by hundreds of feet. Subsequently. operators with a ma1::,'11etometer and shovel 
return to each flag and manually dig in the ground to recover the detected object. This is the 
··Mag and Flag·· process. 

Current sensor technology ·'finds"' far more .. objects'' than pieces of ordnance (i.e. the clutter 
generates false alarms). False alarms greatly increase target removal costs. since each false alarm 
must be treated (excavated) as actual ordnance. 

According to econometric models developed by the Naval Explosive Ordnance Disposal 
Technology Center. excavation costs for each UXO target will range between $35 - $450. 
depending upon the nature of the terrain. the type of ordnance being remo,·ed and \\hether 
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mechanical or manual excavation techniques are employed. Using current tools and techniques, 
Under normal circumstances UXO remediation costs could be as high as $20,000 per acre. 
However under emergency situations, the cost could be much higher. (For example, UXO 
remediation efforts at Spring Valley in Washington, DC, performed between Jan 1993-Jan 1995 
under RCRA emergency procedures, cost about $45,000 per_acre) 

Because the suspect sites have not been surveyed, there is great uncertainty about the actual size 
of the UXO problem. However, even if only 5% of suspect acreage needs cleanup, remediation 
costs would still be high (possibly exceeding 15 billion dollars) and times would be long (possibly 
taking over several decades to complete) using current technologies. UXO site remediation in the 
United States currently is being funded at about $125M per year, exclusive of special clean-up 
programs (such as Kaho'olawe at $400M, based upon projected Senate action, and Mare Island, 
CA at $10M). Of the $125M/per year we estimate that labor accounts for about $70-80M per 
year which could be reduced dramatically. These estimates are based on currently used sensors. 
typical remegiation costs, and do not include surface clearance or UXO disposal costs. 

Until the last several years, improvements in the remediation of UXO relied mainly on products 
coming from research and development that targeted EOD and Countermine needs. While 
EOD/Countermine R&D amounts to some $26M per year, in our judgment, the portion applicable 
to UXO remediation has averaged about $3-6M per year. This funding cannot provide a major 
:::-:prnvement to our UXO remediation effort anytime soon. 

The recent in!:>rest in UXO remediation has stimulated a number of different R&D efforts related 
to UXO. We esumate Lh~ ~,-•". 1 current UXO related effort now to be$ l 5-20M per year, with the 
increase being largely due to the 0At~F-A programs. r ~'1wever, the prograr still lacks overall 
technical leadership of objectives, investment strate!,')', dir~cL;J iunuu1 :d coordinated 
management. The result is a mixed bag: 

• The DARPA program on characterization of the clutter by various sensors and 
processing of data is exemplary and long overdue, as is its research to develop an 
.. artificial dog's nose'' to detect the presence of high explosive. 

• Analysis of the UXO technolO!,'Y by the Institute for Defense Analyses is well done. 
• The recent OSD-directed establishment of small research contracts with universities on 

several relevant topics is an important step in the right direction. 
• The navigation experiments using differential GPS have demonstrated that the necessary 

precision can be obtained. 

• Recent tests on arrays of magnetometers and electromagnetic induction sensors (EMT) 
demonstrate the capability to detect and discriminate some objects at useful depths. and 
with reasonable extensions. offer the possibility to provide data which c~ be processed 
and fused to provide estimations of their location. material properties. shape and 
orientation. 

Howe\' er: 

• l'vluch of the in-house laboratory activity is subcriticaL institutionalized and not likely to 
produce the necessary c:i.p:i.bility in industry 

• Recent tests of off-the-shelf commercial products have demonstrated marginal 
improvements but are far short of \Vhat is needed. 
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• There has been too little attention given to some techniques which may provide 
capabilities important for particular sites (acoustic/seismic for deeply buried objects, fast 
and thermal neutron activation for detection of high explosives, advanced removal 
techniques, the migration of underground objects over time, etc.) 

Despite the limitations of the current R&D program, there is enough scientific understanding and 
experimental data to convince the Task Force that an aggressive :ind well managed program could 
demonstrate dramatic improvements in cost effectiveness within the next few years. The pacing 
element is the need to reduce false alarms. From our discussion with many researchers, we 
conclude that a properly structured and funded RDT&E program executed by the nation's best 
performers could reasonably lead to a reduction of false alarms by about a factor of 10 in 3-5 
years Such an improvement would apply particularly to UXO sites heavily cluttered in the past by 
human activity and thus cost so much to clean up. 

This field of.investigation is not "idea" limited. What is needed is an aggressive research and 
development program to demonstrate an integrated system-of-systems capability, involving 
precision navigation, communications, new sensors and associated algorithms and fusion of 
information, to provide discrimination of UXO from other objects. 

R&D RECOMMENDATIONS 

The Task Force recommends that the Department set as an objective the demonstration of a 
reduction in the false alarms by about a factor of ten within 3-5 years. To do so_ the Task Force 
recommends a two-track approach: 

Track l. To provide a haseline capahility. conduct an aggressive. competitive industrial 
development and demonstration program to provide a contractor integrated .1~vstem-of­
.1ystems capahility with ahout a ten }bid reduction in the numher qf jalse alarms. 
Because the contaminated sites dijfer ji-om one another. it will he necessary to provide 
dijferent L'omhinations ofsystem.1· to produce the necessary improvement. But whatever 
combination is chosen to work a particular site, the comhination must be integrated 
and perform as a .IJ'Stem. 

For example, the Task Force suspects that follo\\ing a review of the historical use of a site, the 
competitive program would haYe produced a capability to perform an efficient site survey using 
helicopter or fixed wing aircraft employing Radar and/or infrared detectors of surface and near 
surface objects. The location of each object would be entered into a common database to an 
accuracy of 1-3 feet. Appropriate components to provide such a capability have already been 
demonstrated individually. 

Follo\\ing examination and clean-up of surface objects. the program would also have 
demonstrated a capability to detect and estimate the characteristics (classification) of underground 
objects to a depth of at least three feet. Some elements of such a capability already ha\'e been 
demonstrated but major adYances are required in the sensors. associated processing and fusion 
algorithms. Subsequently, adYanced techniques would be used for excaYations. 

The Task Force expects that the required improYements will come from the use of: 

• Stabilized or periodically stationary platforms. 
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• Precise navigation of sensor positions. 
• Total field magnetometers, to detect magnetic objects, their location and depth. 

• Electromagnetic induction (EMI) sensors with orthogonal transmit coils and digitally 
controlled waveforms to detect electrically conducting objects and estimate their 
location, depth, material, len,gth-to-width ratio and orientation. 

• Integrated processing to alert and inform the operator as to the target position, depth, 
magnetic properties and estimates of target size and orientation. 

The effectiveness of such a system will depend on the quality of the processing algorithms and 
especially the calibration of the systems against the clutter and expected ordnance at each site. 

·while it seems relatively straightforward to deploy such a system-of-systems on a wheeled 
vehicle, it will be more difficult and may take longer, to provide comparable capability in the man 
portable system which must be used where vehicle passage is too restricted. 

It is esnmated that the competitive development and demonstration of such a capability will 
require about $20M per year for three to five years. 

Track 2. Conducr, in paraliei wuh the oaselme program. a longer range research program to 
explore the value and limits of approaches that are not chosen for the baseline 
program and, in addition, to provide an additional, separate. and competitive 
Htpporting effort on the mo. · ·ncfng aspects of the baseline program. 

L.u:1ples of such a1.: 1ties are: seisnm:, ;.i..;,,;:-=tic detection for the deeper objects, neutron 
activation and chemicai sensing for high explosives .·"~rti ficial do!!· s Mse") the migration of 
buried objects over time. the characterization and d1scnnunat10n of clutter, sensor spe. fie 
algorithms, data fusion, advanced excavation techniques etc. 

Surface clearance often requires intrusive activity, such as the removal of vegetation. Subsurface 
clearance, by definition. disturbs the land. To limit the environmental damage of remediation. it is 
important to develop sustainable approaches. For example, at Fort Ord - where fire is part of the 
natural ecosystem - the Army and Department of the Interior have developed a plan for 
controlled bums to support clearance. In other areas, remediation may be planned to avoid 
disturbance of sensitive animal populations. For this reason, the remediation technolO!:,'Y program 
should support ecological research to improve the coordination of conservation/resource 
management and clearance activity. 

It is estimated that the Track 2 investigations should also he fi1nded at ahollf S20!vl per i·ear (or 
the /iJreseeahle ti1ture. 

The Task Force recognizes that such an aggressive program \\·ill require professional focused 
management and the support of the Congress. An incremental investment of $20M per year over 
the next 3-5 years represents about a hrn-fold increase over the present funding. However, 
remediation efforts currently expend about $ l 25M per year, of\\ hi ch "e estimate that $70-80 M 
is labor intensive. If a ten fold reduction in false alarms is achieved. $60-70 !'vi/year can be saved. 
Thus the Task Force recommends that the incremental funds to support an aggressive R&D 
program be prO\ ided from offsets to the total UXO clean-up program. 

It should be understood that for several decades we have depended on the ··Mag and Flag"' 
equipment. procedures and training to remediate UXO contaminated sites .. .\nd although these are 
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always potentially hazardous operations, the operators have developed the necessary 
understanding, confidence and trust in their equipment and procedures. The Task Force is 
persuaded that even after new equipment, software and procedures demonstrate about a ten fold 
reduction in false alarms, a special effort ..viii be required to convince clean-up crews to trust the 
new equipment and procedures. 

To reduce future UXO remediation problems, achieving the lower "dud" rate also should be a 
requirerr.c:nt when new munitions are developed. A program to examine the capability of self­
destruction or self-deactivization fuzing should be initiated in all conventional munitions as a step 
to reduce duds and subsequent remediation costs. 

Specific improvements that should be pursued include development of tags for ordnance that can 
withstand environmental degradation (and still identify the location or type of UXO), 
development of self-destructing ordnance to reduce the UXO problem, improvement of the 
collection and management of site use data, expanding the use of ordnance in-flight tracking 
systems ("fite finders") to locate impact are:is. and better overall documentatior: and 
instrumentation of UXO clean-up efforts. 

Test ranges must have ongoing remediation programs (not just traditional EOD clearance) to 
extend their productivity and decrease the need for the acquisition of new ranges. 

The Task Force review of ' 0 (and EOD) technologies currently used at active ranges 
discovered a derend·::" . ..:w un owJated techniques and tools. Improvements are needed in the 
~w..:!:;1ulO!,'Y and tools used at these rati._;es tc' help ensure better safety of personnel and to 
maintain long terrn viability of the ranges_ There ' t..~ -::- en~rl'asis placed on disposal 
techniques and the availability of processing equipment such as !lash tw .::ii:es, etc. 
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D. Program Management 

RECOMMENDATIONS FOR THE DIRECTOR, DEFENSE RESEARCH AND ENGINEERING 

To initiate an aggressive and effective program, and to better maintain the organizational 
connectivity between Acquisition and RDT&E, the Task Force recommends that DDR&E 
develop DoD-wide objectives. RDT &E strategv. plans and programs that emphasize the 
discovery, demonstration and exploitation of much more efficient methods of detection, 
classification, removal and safing of UXO's. This must be coordinated across service lines and 
provide sufficient funding to meet the near term challenges and the long term interests of public 
safety. The major focus of DoD's R&D program over the coming 3-5 years is to achieve 
significant out year savings in the Department's UXO remediation efforts. 

To ensure program success, stable but flexible funding is required. The funding must be stable to 
enable the technolob'Y efforts to mature. but flexible enough to i:ursue aggressively highly 
promising programs as they become evident. 

CURRENT MUNITIONS/RDT&E FINDINGS 

The f..w].,: force learned that some types of munitions (e:g. submunitions) have rates as high as 
10'%. We susp-:-:l th.t~ ·:,J..::-n the cost of clean-up is included in the life cycle cost it may be 
appropriate to lower the allo\vable Jue: ~:;::: 

The DoD 5lo0.o2 (a regulation on operation of the E:.OD training and technoiob'Y progr::un) 
requires munitions Project Managers (PM's) to provide data aj;~ hardwarP to the EOD 
communitv (EODTECHDIV) for development of Render Safe Procedures (c~.:)P) and Disposal 
Procedures (DP) at the Milestone Ill (Production) decision point. Under these guidelines, an 
approved RSP/DP \Viii be available when the Service makes the formal decision for Materiel 
Release, about t\vo years after the Milestone III decision. Interim RSP \viii be available during the 
entire ROT &E process. if munitions items are transported and the potential for an accident exists. 
Ideally, the EOD community should be involved in the entire RDT &E process to ensure the 
designers consider the requirement for a RSP/DP. Practically. EOD considerations are not 
included in the munitions design process. 

The Milestone III decision point is too late to formally start development of a RSP/DP. At 
l\lilestone III. production dollars are committed for the initial production quantities. Any design 
changes after l\lilestone III will be minor to accommodate production processes. At this point. the 
munition has been ··Type Classified"" or ""Accepted for SerYice Use·· and the Technical Data 
Package (TOP) is fixed: changes to accommodate an EOD requirement are very high in cost and 
Yirtually impossible. 

The requirements for the RSP/DP are found in the DoD Directive which establishes 
responsibilities for EOD technolo~1y and training. There is no guidance on the need to consider 
and incorporate an EOD RSP/DP in the capstone DoD acquisition directiYe DoD 5000.2R. Such 
guidance needs to be mduded in this directiYe. 
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RECOMMEl'JDATIONS 

Make the development of EOD RSP/DP a consideration from the start of a munitions design and 
have EOD represented at all design reviews. EOD requirements must be formally included in the 
design process, otherwise it is entirely possible an EOD procedure will be imposed at the expense 
of safety or workability simply because it was not considered earlier in the design. Making the 
requirement for a final EOD RSP/DP a part of the type classification package will ensure 
consideration during design. Placing this in the DoD materiel acquisition guidance will 
institutionalize the requirement beyond the EOD community. 

CONTRACTING: FINDINGS 

The Task Force is persuaded that humanitarian UXO clean-up is not and does not need to be a 
DoD core competence. The Task Force contends that the fiscal reality is that the Department 
cannot afford the costs of establishing and properly resourcing an organic capacity for this effort 
nor is this a warfighting requirement. We believe that invigorating private sector involvement in 
UXO remediation is critical to the success of the DoD UXO clean-up effort. But to encourage 
private sector participation, a UXO remediation "market" must first be more evident. The Task 
Force recognizes that the DoD must sustain a core competency in countermining and explosive 
ordnance disposal (EOD) which are tactical missions narrower in scope than broad area UXO 
clearance. 

In the absence of a well-defined DoD program, Congressional actions heavily influence the UXO 
remediation market. Such actions have usually focused upon specific FUDS, BRAC sites, and 
other situations of Congressional interest. 

UXO remediation necessitates a vigorous, continuing dialogue among numerous federal 
agcrK1cs, state. local and tribal governments, local communities and civic groups. DoD must 
achieve an effective level 01· ..;0;:1ri1 11 r :·.:~<.c;~ ;i:1 d interaction with all entities i~ •his dialogue. 

Past and current UXO projects procured by the US Army Corps of Engineers, US Navy and 
others generally do not offer the contractor indemnification or relief from third party liability. 
While insurance can be purchased within specific limits, it is expensive anJ (OSts are passed back 
to the government (which is already self-insured). 

Even \\lth added insurance, larger companies are reluctant to accept undefined third party liability. 
Large firms see themselves potentially as "deep pocket" targets. (At least one major firm declined 
to bid the Kaho"olawe clean-up project specifically because of the indemnification/third party 
liability issue). Smaller firms have accepted third party liability and contracts without 
indemnification, in part because they have far fewer assets at risk. 

The Government develops and/or approves all requirements. specifications, work plans and 
procedures. Technology and project methodology is either directed by the government or 
defaulted to "current best technology''. Ongoing quality control is performed by the contractor 
and repeated by the government. Because of this contracting approach, it would seem the 
government has assumed continuing responsibility. 

Current Federal Acquisition Regulations offer indemnification and relief from third party liability, 
however the contracting offices are not encouraged to use them. To the larger companies. the 
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indemnification and third party liability issue is potent enough to discourage participation in UXO 
projects. This tends to limit participation to smaller firms with limited resources and technolOb,')' 
development capability. 

Most of the contracts issued are time and materials IDIQ for Response Actions, which are 
typically single small jobs (or level of effort projects) that may be attractive to the small firms, but 
not the larger ones. As a consequence, the larger firms have little incentive to invest in advanced 
technology or to bring to bear their considerable capability in management systems engineering 
and integration. Larger sites should be treated as "Projects" and managed with a semi-permanent 
staff. 

RECOMMEl'JDATIONS 

To effectively include the use of integration contractors, and to encourage the development and 
use of advan~ed capabilities, current contracting procedures must change. 

The Task Force recommends employing performance/objective/criteria-based contracting 
procedures that provide incentives to the private sector to participate more efficiently and 
aggressively in UXO clean-up effort. 

The Federal Acquisition Regulations should also be used to relieve private companies of 
unreasonable third party liability and indemnification burdens. 

Develop a contractual remediation plan that requires the clean-up of several appropriate sites and 
encourages the participation of larger contractors and economies from their management and 
integration capabilities. 

The US Army Corps of Engineers should modify its contracting process to provide incentives to 
deploy advanced technol06'Y as it becomes available. The use of IDIQ's should be reserved for 
Response Actions only. Sites should be handled as ··Projects" with a constant flow of funds. 

Develop a baseline standard of performance metrics to measure cost and quality, applicable to all 
instruments and processes. This would become the unit of measure for judging the acceptability of 
new technologies and improvements to existing methods. Furthermore. a standard for UXO 
clean-up should be implemented so technology developers work with one set of rules. 

UXO remediation is a potentially life threatening task that uses technolo6'Y larg6!ly unchanged 
over the past 50 years. DoD must play a leading role in training and proving to UXO clean-up 
cre\vs that new systems (and their associated procedures) are safe and effective. 



PERSOl'Jl'JEL: FINDINGS 

The Task Force concludes that ex1stmg tools, methods, and trammg for uniformed EOD 
personnel are insufficient to fully address the total scope of the UXO problem. EOD has become a 
center of mass for this within the DoD, yet this is more a default practice than an actual solution. 
The private sector presently relies upon ret1red EOD personnel for the supervisory skills necessary 
for site remedi::uion. (Tnis reli:.mce is driven by DoD contractual requirements.) The reality 
appears to be that military EOD experience, coupled with on-the-job training in the private sector, 
provide the necessary skills required for large scale UXO clearance. Unfortunately, recent 
statistics indicate that only about 30-40 EOD personnel per year enter the UXO business arena 
after retirement. 

RECOMMENDATIONS 

The Task Force makes the following recommendations concerning personnel to support UXO 
remediation efforts: 

• Support and provide incentives for the expansion of industrial capabilities and capacity for 
UXO remediation. 

• Encourage and support, as appropriate, private/public based non-DoD training. This support 
l;jui•l ;;1duu.; related publication:·. '~sson plans and training aides as may be available \vi thin 

the DoD and other Federal agencies 

E. Public Involvement 

FINDINGS 

Public inrnlvement is required for environmental projects within the DoD, including UXO 
remediation projects. A primary element of the public involvement program is the Restoration 
Advisory Board (RAB) which is established for each geographical area. 

Public imolYement is far broader than .. Public Information'' because it includes inviting the public 
to participate and often .. approve'', not just to be informed. The threat of explosions injuring 
civilians often prompts a justifiable emotional response by members of the public. 

State and Tribe regulators ha\'e a significant impact on the success of the project because they 
apply exposure scenarios based upon .. reasonably anticipated land use" and establish the 
acceptable levels of clearance/clean-up criteria. They also inherit any future problems. The 
continuing debate over the .. Munitions Rules·· and the '·Range Rule" is evidence of the lack of 
agreement between the State regulators and the DoD. State and tribe regulators have formed a 
group to work on the Range Rule specifically called the .. Range Rule Partnering Initiative ... 
Members include State regulators from Yarious States and Tribal governments. 

Risk management systems that are designed to balance risk reduction \Vith the availability of 
resources for range remediation need public involvement and support to be successful. 



RECOMMENDATIONS 

To encourage constructive input from concerned populations, all military representatives who 
interact with the public in these situations should be trained in "two-way" communications. State 
and Tribe regulators should be acknowledged and treated as a group separate from public 
involvement stakeholders. 

Public stakeholders, including local government entities (such as local reuse authorities) and 
property owners (and prospective transferees) should play a lead role in the establishment of land 
use plans for UXO-contaminated property. 

Clearance to levels less protective than those required to meet land use preferences of affected 
communities should be accompanied by a promise to reconsider remedies once more cost­
effecti ve technologies become available. 

Land owners, planning agencies and potential transferees should play a role in the determination 
of certification of UXO-cleared land and the negotiation of indemnification. 

Public interest groups, natural/cultural resource trustees, as well as other Federal, State and Tribal 
agencies, with an interest in the protection of natural or cultural resources should have the 
opportunity to help ensure that responses minimally threaten those resources. 

F. Minimizing Exposure 

FINDINGS 

Reducing risk depends heavily upon educating the public about UXO hazards and the 
minimization of potential exposure pathvvays. Some work has already been done to educate the 
public about the hazards of UXO. For example. Fort Ord has developed educational brochures, 
Tierra Santa.. a clean-up site in southern California. has produced educational videos and the 
HuntsYille Division of the Army Corps of Engineers has developed informational materials 
suitable for children. 

RECOMMENDATIONS 

In areas where UXO exposure is likely, people exposed to UXO. including children. should be 
educated to recognize and respond properly to UXO. 

Physical controls. including fences, barriers. and signs should be constructed where necessary. and 
will require on-going maintenance. 

Deed restrictions designed to limit potential exposure path\vays on land \vith (potential) residual 
UXO contamination should be supported by zoning restrictions and/or environmental regulatory 
authority. 



G. Project Restoration 

FINDINGS 

UXO remediation efforts will have long term impact on a site. Many UXO sites \\ill require 
restoration work well after the UXO safety issue has been successfully mitigated. Significant 
future problems may arise on these sites as a result of the UXO remediation effort if sufficient 
planning is not made. 

For example, no standards currently exist to mitigate the contamination of soil caused from nitro 
aromatic compounds (common to high explosives). UXO site clean-up may require substantial 
deforestation; yet no reforestation standards currently exist. Furthermore, water and air 
surrounding or contained within a UXO site may need continuous monitoring to confirm the 
safety of the ~ite and to protect the communities surrounding it. 

RECOMMENDATIONS 

Require the site remediation plans to consider possible need for restoration in later years. Develop 
standards to mitigate soil contamination, reforestation, etc. 

H. Closed Ranges on DoD Property 

FINDINGS 

In addition to ranges at former or closing bases, numerous Department of Defense installations 
contain closed ranges that will never again be used as impact areas. At some of these facilities, the 
presence of UXO is the major reason that such closed ranges remain in the DoD inventory. Since 
these closed ranges are usually off-limits to the public, they pose less of a threat to public safety 
than transferred or transferring ranges. Nevertheless, much of this property could be put to other 
uses once cost-effective remediation technologies are developed. 

RECOMMENDATIONS 

Develop and implement a risk management strategy for such closed ranges, and create a funding 
stream - other than base operations and maintenance - to support appropriate responses. 
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APPENDIX C: ALTERNATIVE TECHNOLOGIES 

SUPPORTING UXQ REMEDIATION 

A variety of sensor and signal processing technologies have been proposed for use in UXO 
remediation. Table A-1 lists the major sensor approaches presented to the task force. The table 
organizes these approaches broadly by whether their primary strength is detecting objects on the 
surface, near-surface or deeper subsurface. Some of these technologies are novel; others are 
adaptations of approaches that have proven effective in other applications. The table includes a 
brief commentary on each approach, addressing issues such as: 

• Is the approach capable of wide area searches or for locating individual UXO? 
• Can the technology provide valuable depth, size and orientation data on UXO? 
• At what depth can the technology reliably detect UXO? 
• Are there-any serious limiting factors in the technology (environmental, etc.)? 

There are important trade-offs to be made in developing a cost-effective UXO remediation 
capability. For example: 

• Designs that are effective for wide-area searches tend to be unsuitable for local UXO 
identification. 

• The deeper a sensor system penetrates the ground, the less precision it tends to have on 
valuable depth, size and orientation data, especially for smaller objects. 

• The use of "active" (radiating) systems (such as radar and electrom%,metic induction systems) 
will tend to provide more insight on size and orientation of UXO than do "passive" (non­
radiating) systems, but will have their own cost and deployment limitations (e.g., they may not 
be suitable for all soil types). 

• The more sensitive detection approaches tend to have more difficulty in eliminating false 
alarms. 

The demand for cost-effective UXO remediation drives the need for improvement in our UXO 
remediation capability - determining whether a suspect site actually contains UXO, determining 
what kind of UXO is on the site, locating individual UXO at reasonable cost and with high 
confidence, and determining the depth, size and orientation of the suspect UXO. The table 
highlights the fact that substantial technology progress must be made to achieve cost-effective 
UXO remediation. It is also important to note that no single technology can address all 
remediation needs. The UXO community must develop and exploit a variety of sensing 
approaches to their fullest if the Department of Defense is to obtain its objective of cost-effective 
remediation. This is a fundamental finding of this task force. 

C-1 



DECEMBER 17-18, 1996 

"Cost Analysis/Benefit Model Update", Mr. Bradford L. Smith, Jr., President, Strategic Analysis, 
Inc. for Mr. Richard A. Johnson 

"FUDS Program Time Line and Costs'', Mr. Roger Young, US Army Corps of Engineers 

"DoD K-9 Work", Col. Andrew Corso, USAF/MSgt Dave Kontny, USAF 

"Green Bullet Program", Mr. Robert Scola, Director, Industrial Ecology Center, US Army 

"JDL UXO Plan", Mr. William Konick, US Army TACOM-ARDEC 

"UXO Permanent Committee/International", Mr. Andy Hooper, YPG 

"DARPA Chemical Sensor Program", Dr. Regina Dugan, DARPA 

"Location &_Recovery of Buried Bombs'', Dr. Bahktar 

"SERDP UXO Investments", Bradley P. Smith, Executive Director, SERDP 

"R&D Strategy for UXO Detection", Dr. Cullinane/Dr. Bernadette Johnson, MIT Lincoln 
Laboratories 

"FUDS Matrix", Dr. Charles Theisen, NAOC 

JANUARY 22-23, 1997 
January 22, : o'7'7 '."~~held at EODTECHDIV 

"EOD Mission & Functions", CDR Dee, USi\i Joint Sef\ice E1)0 

"Overview of JSEOD Technolob>y & Training Program and NAVSCOLEOD" (Video) 

"Joint Service EOD Training", CDR Mclawhorn, USN 

"NA VEODTECHDIV Brief', CAPT McCarley, USN 

"Technology Roadmaps", Mr. O'Donnell 

"EOD Ordnance Threat Briefing'" Mr. Gjeming, Mr. Behm 

"EOD Procedures Development'', Mr. Hayes 

"LIDDS/MCD'', Ms. Sherlock 

"BUGS Program" and "DIODE Pumped Laser Technology for Neutralization of UXO", Mr. 
Christopher Debolt 

"JPG I/II/III/IV Discussion'', ~lr. Snyder 

"Kaho'olawe Island UXO Clearance'', Mr. Hersey 

.. EOD Detection Technologies Demo'', Dr. Manley, et. al. 

EOD Tools Display/Briet/'Demo 
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January 23, 1997 was held at Strategic Analysis, Inc. 

"EOD Technolot,'Y (Magnetics)", Dr. Claude Manley 

"UXO Countermeasures Computer Modeling and Simulation," Mr. Richard Gold, 
EODTECHDIV 

"Joint DEMIL Technology", Jim Wheeler, JDPO 

"Army BRAC UXO Briefing", Mr. Hud Heaton, US Army Corps of Engineers 

"Navy BRAC UXO Program", CAPT David Jones, CNOBO 

"Air Force BRAC UXO Briefing", Dr. A Nairn Qazi, AFBCA 

"Accoustic Technology for Detection", Dr. Tom Muir, Naval Postgraduate School 

"UXO Clearance: The Report to Congress", MG Roy Beauchamp, USA 

FEBRUARY 12-14, 1997 (AT YUMA PROVING GROUNDS, YUMA, ARIZONA) 

"UXO Contamination of Test Ranges", Mr. John Kruger, Director of Plans, YPG 

"Overview of Training Range Operations Related to UXO-CMS'', Mr. Hank Damme, Luke AFB 

"Active Range Clearance Technology Requirements", Mr. Michael Kolodny, Army Research 
Laboratory 

"Potential for Test Ranges offered by Mooitions Tracking Technolot,')'", Mr. Andrew Ladas, ARL 
and Mr. Andy Hooper, YPG 

"Enhanced Detectability of Future Ordnance'', Mr. Leon Springer, Army Fuze Management 
Office 

"Site Management Model'', Jim Ingram, 29 Palms 

"Range Management", Mr. Ron Pierce, MCAS, Yuma 

'"Improved Robotics", Capt. Walter M. Waltz, WL/FIVC 

"Range Residue", Capt. Jara Lang, USAF, 991
h Air Base Wing, Nellis AFB. NV 

"Overview of ARL Detection Sensor Testing at YPG", Mr. Marc Ressler, Army Research 
Laboratory 

"Minimizing Rounds Fired". Mr. Andy Hooper, YPG 

"Tribal Concerns Associated with Unexploded Ordnance" - Ms. Emma Featherman-Sam. 
Director, Badlands Bombing Range Project, Oglala Lakota Nation. Pine Ridge South Dakota 

·'Department of Interior UXO Issues'', Mr. Dwight Hempel, Dept. of Interior 

·'UXO ROT &E Investments". Dr. Jeff Marqusee. ODUSD(ES) 
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MARCH 26-27, 1997 

"UXO Remediation Contracting, COE Huntsville", Mr. Dave Douthat, Army Corps of Engineers 

"UXO Remediation Issues, NAOC", Mr. Kevin Lombardo, National Association of Ordnance 
Contractors 

"Untitled", Dr. David Heberlein, Deputy Director, Night Vision Electronics Sensors Directorate, 
US Army CECOM 

"Update on DARPA Background Clutter Research", Dr. Thomas W. Altshuler, IDA 

"Opportunities to Leverage Countermine ROT &E", Mr. Jim Campbell 

"Comparison of Tech Requirements for Countermine Req. Vs. UXO Remediation Req.", Mr. 
Lawrence J. Nee, Chief, Countermine Division Program Manager Mines, Countermine & 
Demolitions 

"JPG Update: Phase III Results", Ms. Kelly Regano/Mr. Jim Arnold 

"Update on UXO RDT&E Funding", Dr. Jeff Marqusee, ODUSD(ES) 

"Summary of Funding for UXO Remediation", Ms. Patricia A. Rivers, Assistant Deputy Under 
Secretary of Defense, (Environmental Clean-up) 
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