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The Problem

Scope

It’s one of America’s largest environmental problems, but most people don’t even think of it as an environmental issue. Tens of millions of acres of land and waterways are contaminated with unexploded ordnance (UXO), discarded munitions, and explosive constituents and byproducts. “Military munitions response,” in official jargon, refers to the investigation, remediation, disposal, and management of those substances.

Munitions pose both explosive hazards and toxic risks. By design, military ranges and other installations that handle them were once situated in remote locations, but today average Americans are increasingly coming into contact with munitions and their constituents. According to the Defense Department, it could cost as little as $25 billion or as much as $200 billion to address that threat on land, and untold billions more to conduct munitions response at water ranges.

The Department of Defense, which is responsible for the vast majority of munitions contamination, stumbled into the problem in 1983, when an old artillery round detonated in a San Diego’s Tierrasanta neighborhood, killing two boys. The Army Corps of Engineers quickly established a program to deal with “ordnance and explosive wastes,” as they were called at the time, but the program lacked the technology, resources, and leadership necessary to take on what turned out to be a national, multi-billion dollar challenge.

Over the past twenty years, the Defense Department—prodded by citizens, regulatory agencies, and Congress—has gradually improved its technologies, procedures, and management of munitions response. Even as work continues to strengthen those areas, it clearly lacks the financial commitment to take on the enormity of the problem. Furthermore, the legal authority of environmental regulatory agencies to require cleanup or even investigation remains in dispute.

While munitions contamination rarely attracts the full attention of the national news media, it remains a significant, and continuing issue in communities and regions where it is found—such as Adak (Alaska), Kaho'olawe (Hawaii), Fort Ord (California), the Lowry Bombing and Gunnery Range (Colorado), the Jefferson Proving Ground (Indiana), Camp Butner (North Carolina), Camp Edwards (Massachusetts), the Aberdeen Proving Ground (Maryland), Spring Valley (DC), and Vieques (Puerto Rico). The people who live, work, study, and exercise on or near military ranges, munitions burial sites, and contamination sites are playing a growing role in shaping the military’s response. The Stakeholders’ Guide to Munitions Response is designed both to document and to strengthen that role.

Military Munitions Response Program Sites as of September 30, 2003

Facilities
Total
Under Way
Cleaned Up
Complete from Investig

Active Installations

850
464
0
55

Base Realignment and Closure (BRAC)
196
68
16
110

Formerly Used Defense Sites (FUDS)
1771
516
27
770

Key Terms

The term munitions is generally used to describe any weapon containing explosives or propellant. Military munitions include grenades, mines, mortar rounds, artillery shells, bombs, torpedoes, rockets, flares, smoke and incendiary devices, and simulators. Some devices that don’t contain high explosives, such as small caliber bullets, larger caliber depleted uranium penetrators, and dummy bombs and shells, whether or not they contain spotting charges, are munitions. Weapons carrying both lethal and non-lethal chemical agent are also munitions, as would be shells containing biological material, if any are ever found. However, fissionable nuclear weapons are not generally treated as “munitions” by the Defense Department, the Energy Department, or regulatory agencies.

Unexploded ordnance refers to dropped, fired, or launched munitions that were supposed to explode, but which didn’t. Normally, somewhere around five to ten percent of such weapons, depending upon conditions and the munitions themselves, fail to detonate. UXO may lie on the surface of the Earth, under water, buried in soil or sediment, or even in trees. UXO which is collected as souvenirs remains UXO, no matter where it is taken, until it is detonated or otherwise treated. As bombs and shells age, their metal casings may corroder or their fuzes deteriorate. They are likely to become unstable—that is, likely to detonate.  

Discarded munitions are often lumped with UXO, but they generally are weapons that were abandoned or buried with no attempt at detonation. Bombs and shells that were gathered for detonation, but which “kicked out” instead of blowing up, seem to fit both categories.

Explosive constituents consist of both the chemicals and metals that make up explosives, propellants, and the residue of explosions and combustion. Common explosive and propellant chemicals are TNT (trinitrotoluene), RDX (Royal Demolition Explosive), and ammonium perchlorate. The residue of explosions usually contains heavy metals, as well as a variety of hydrocarbons. Hard metal scrap, such as fragmented steel casings, is not considered an explosive constituent.

Lawyers for government agencies use the terms for ordnance very carefully because they believe the terminology dictates who has ultimate authority over cleanup decisions. For example, in the late 1990s the Defense Department stopped referring to “Ordnance and Explosive Wastes” (OEW) because its attorneys were concerned that regulators would use that language to argue that OEW is waste subject to the Resource Conservation and Recovery Act. CPEO uses the terms colloquially in the belief that the rules governing cleanup should be driven by conscious decisions, not “reverse engineered” from definitions.

Explosive Risk

First and foremost, unexploded and discarded munitions are an environmental hazard because any encounter carries the risk of triggering a lethal explosion. Some, such as landmines, are by design sensitive to contact. Others are unstable because of their age and condition. Touching, moving, or driving over them can set them off, over an indefinite period of time. For example, unexploded ordnance left over from the two World Wars is still killing European farmers.

Surprisingly, many recovered UXO items remain intact after extensive handling. On the positive side, this has reduced the number of casualties. On the negative side, it means that thousands, maybe tens of thousands of UXO pieces are lying in living rooms, offices, and even schoolrooms across the country. Given the wrong conditions, they could explode, killing or maiming people who had nothing to do with finding and transporting them. 

Most reported UXO incidents involve munitions moved by civilians. For example, in May 2000 a Mississippi teen-ager was killed while handling anti-tank shells that had been removed from nearby Camp Shelby by three other boys. 

Fires can detonate UXO, too. In recent years, crews fighting wildfires at Camp Hale, Colorado, Storm King Mountain, New York, and Ft. Wingate, New Mexico have been forced to pull back as the heat set off a series of explosions at each site.

Even if ordnance doesn’t explode, its discovery generates fear and concern, particularly if children are involved. For example, UXO has been found in the yards of new subdivisions at Camp Butner, North Carolina and the Five Points Range, in Arlington, Texas. Schoolchildren in Seaside, California have found and played with what fortunately turned out to be practice—that is, not containing high explosives—grenades from Fort Ord. There is strong public sentiment for preventing such encounters, not just the casualties that might result.

The apparent level of UXO casualties in the U.S. remains relatively low, considering the vast area contaminated. To some degree this is because no one has ever attempted to collect a comprehensive data base of such incidents. The most comprehensive report, based primarily upon data from the Defense Department’s Explosive Safety Board, tallies 67 fatalities and 137 serious injuries from 126 incidents since World War II

Still, in most locations where old munitions have been found, the public seems less tolerant of risk from ordnance than from other environmental hazards. This is due to a mix of factors. Most people have seen the results of bomb blasts on television or elsewhere, and the visual images are intrinsically frightening. Because UXO represents a discrete risk, it’s difficult to come up with a “safe” number of items left on any piece of property. And perhaps most striking, if someone is injured or killed by ordnance it’s clear, after the fact, what the hazard was, and who put it there. In contrast, it’s extremely difficult to pinpoint the actual cause of any particular case of cancer, liver disease, or developmental disorders attributed to toxic exposure. With UXO, however, there’s always a “smoking gun.”

Furthermore, as once-remote training ranges are becoming the sites of new homes, schools, parks, etc., the chance of encounters and thus casualties is likely to rise. In fact, there are no generally accepted guidelines for reusing former ranges and munitions disposal sites, because it’s impossible to guarantee that all explosive hazards—particularly those buried underground—have been removed. At Ft. Ord and the Lowry Range, potentially profitable development has been held up by the presence of UXO. At Camp Bonneville, Washington, the Army has been reluctant to pay the price of cleaning up the former range to turn it into a regional public park. Citizens and regulatory agencies have asked serious questions about the suitability of housing construction at former ranges, such as California’s former Benicia Arsenal, former Camp Beale, and Miramar Marine Corps Air Station, where the Navy plans to build military family housing adjacent to the Tierrasanta neighborhood, site of the 1983 incident. Even at the former Live Impact Area on the Puerto Rican island of Vieques, reuse is an issue. Though Congress has designated the property a wildlife refuge, the U.S. Fish and Wildlife Service seeks enough cleanup to enable it to conduct ecological studies.

Ordnance may pose a risk even on properties designated for continuing use as a range. At some installations, crews routinely enter impact areas to maintain targets and other structures. And at least one Marine range, Twenty-Nine Palms, troops conduct maneuvers in live fire areas. To minimize the risk, some installations—in fact, most Air Force ranges—conduct regular surface ordnance clearance. The other armed services are considering policies that would lead them also to conduct clearance at some of their active ranges.

Toxic Risk

In the long run, the chemical constituents and explosive byproducts of UXO and discarded military munitions pose a toxic threat to public health and natural ecosystems as they move through the environment. By the early 1990s, several ammunition plants and munitions handling facilities had been placed on U.S. EPA’s National Priorities List (NPL), commonly known as the “Superfund” list, because explosive chemicals such as TNT and RDX were present in the soil and groundwater. Still, the Defense Department conducted little research into the fate, transport, and toxicity of explosive substances and their byproducts. It largely ignored the potential for toxic contamination on training and test ranges.

This changed in 1997, when U.S. EPA ordered the National Guard to halt certain training activities at Camp Edwards, Massachusetts, after toxic explosive chemicals were found in the sole-source aquifer supplying drinking water to hundreds of thousands of people. Though the Pentagon resisted EPA’s strong stance, it began new research programs and increased the sampling of soil and groundwater on other ranges around the United States. Generally, where ranges have been sampled for explosive chemicals and propellants, such residues have been found, although in most cases officials do not deem the contamination an immediate threat to public health.

Perchlorate, in particular, has emerged recently as a contaminant of concern at many locations. It migrates through soil to groundwater and doesn’t degrade easily in the environment. Only for the last several years has it been possible to detect low (but toxicologically significant) concentrations.

Originally found where large solid rocket motors have been manufactured, tested, and disassembled, perchlorate is now being found at Army ranges such as Camp Edwards, Camp Bonneville, and Camp Stanton, at the Aberdeen Proving Ground. Army officials believe that simulators, explosive devices designed to safely simulate battlefield explosions, are a major source of perchlorate contamination on infantry ranges, and they are moving to replace them with less toxic compounds. 

In addition, for decades it was common practice for the military to “dispose” of munitions in ways now considered environmentally unsound. Many facilities are littered with undocumented burial sites, in which unusable or excess munitions were simply dumped in a ditch and covered with dirt. The military and its contractors also used open burning and open detonation (OB/OD) to demilitarize munitions and large solid rocket motors. For many years, however, it was not standard practice in open detonation to place disposal charges on each munition. As a result, many pieces of ordnance were ejected or “kicked out” from the disposal site, instead of combusting. Furthermore, the use of munitions OB/OD areas to burn industrial wastes has released an even greater variety of toxic contaminants into the air, water, and soil.

Chemical munitions pose a more serious threat, because they are designed to be lethal in small quantities. They are generally found only at arsenals, test and experimental stations, and training schools that specialized in chemical warfare. Still, in addition to 1,300 recovered chemical weapons now stored at three domestic installations, the Army has identified 96 suspected chemical weapon burial locations in 38 states, the Virgin Islands, and the District of Columbia.

Because of the high level of risk associated with handling these weapons, even munitions that look like chemical munitions must be treated with extreme care. Intact chemical ordnance, with live explosives, is the most hazardous form. Some chemical materiel loses its toxicity over time, if released into the environment, but other chemical munitions, such as those based upon arsenic, pose long-term health and environmental threats when they break down. Finally, chemical identification kits, which contain small vials of sample chemical munitions, may be found on or near almost any current or former military facility. Final disposition is known for only 21,000 of the 110,000 kits produced. They’re small, but also hazardous. 

Old chemical munitions often raise other issues. Any device containing usable chemical agent is viewed as a potential terrorist weapon, so these munitions are generally subject to intense security. Furthermore, depending upon the age and source of the chemical materiel, they may be subject to the disposal mandates of the Chemical Weapons Convention treaty, to which the U.S. is a signatory.

Finally, depleted uranium (DU) weapons are munitions that rely upon the high density (weight per volume) of uranium, rather than explosions, to penetrate armor such as tanks and armored personnel carriers. (DU is also used as armor in certain American ground vehicles.) Launched from artillery, aircraft, or ships, DU is a highly effective weapon. It punches holes through heavy steel and burns upon impact. DU is a waste product of the uranium enrichment process, so it is mildly radioactive, releasing only alpha particles into the environment.
 As a solid, its environmental impact is minimal.

However, when DU penetrators strike a hard surface, they generate uranium oxide dust. Exposed for long periods of time, they may also corrode. Though the U.S. military argues that the environmental impact of DU is minor, there is persuasive evidence that inhaling the radioactive dust is hazardous to the respiratory system, and that swallowing DU dust is toxic—as a heavy metal—to other parts of the body. By policy, DU weapons have been restricted to a small number of test facilities, including a range in Panama, but the military has admitted accidental use on Vieques and Okinawa, Japan. In addition, the U.S. military has used DU weapons in combat in Kuwait, the Balkans, Afghanistan, and Iraq.

The Response

Initial Investigation

The munitions response process starts long before the clearance and destruction or treatment of ordnance and explosive wastes. It begins with the initial identification of potential sites, followed by investigation and a series of decisions about whether there is a significant risk to public safety, public health, or the environment. Even after the removal or destruction of explosive ordnance or toxic contaminants in source areas, continuing remediation, long-term monitoring, or land use controls may be required, in some cases indefinitely.

The characterization and cleanup of explosive constituents is similar to the response for industrial chemicals. However, at ranges and disposal areas, it usually requires the clearance of ordnance—or an assurance that it isn’t present—to carry out fieldwork safely. And the clearance of ordnance, whether for explosive safety, property reuse, or toxic cleanup, is unlike most other forms of environmental cleanup.

When the Army Corps of Engineers first landed in Tierrasanta after the 1983 incident, they drew upon decades of experience in explosive safety and battlefield countermine operations. Those were the military’s closest missions to civilian property response, but the technologies and strategies were not fully suitable. Response in civilian areas must deal with large numbers of munitions, not just the small number of devices addressed by explosive safety experts. The response must cover large areas, not just narrow corridors for breaching enemy defenses. And the response usually must find and remove buried ordnance, not just munitions lying on the surface. On the other hand, in most cases responders have the freedom to choose the time, season, and weather conditions to conduct investigations. The history of ordnance response, since then, has been to adapt and enhance the traditional response to develop new ways to find, identify, recover, and destroy ordnance.

Munitions response sites are identified in two ways. First, a hiker or homeowner may discover ordnance or ordnance scrap on a forgotten range or disposal site. One device is not necessarily enough to trigger an investigation, but a cluster of munitions, even if they don’t contain high explosives, or a significant deposit of identifiable ordnance scrap is usually enough. Second, the systematic review of past military uses may identify an area where munitions are known to have been used, tested, or discarded. Most such reviews are conducted by the Army Corps of Engineers, which is responsible for determining whether over nine thousand formerly used defense sites (FUDS) require cleanup, but the armed services and regulatory agencies may also identify munitions response sites.

Though occasionally a regulatory agency conducts its own site investigation, at current and former military properties the lead agency for both investigation and remediation is usually the military component—Army, Navy, Air Force, or in a small number of cases, Defense Logistics Agency. The lead agency is responsible for managing and funding the response, but its subordination to regulatory oversight remains a subject of intense debate.

Records Search

The first stage of a site investigation is a search of written records. Researchers pull together, from diverse sources, documents on the use or former use of the property in question. The goal is not only to locate potential ordnance sites, but to estimate the quantity and types of munitions remaining on site. In addition to former impact areas, old buffer zones and firing points must be delineated.

This is not as easy as it seems. Particularly at FUDS, it’s often difficult to locate the records covering an installation. Many records, even if maintained during facility operation, have been lost or even destroyed. A large number of these facilities were opened quickly during wartime, and many were quickly closed or transferred to the new management of other military or federal organizations. No one thought, decades ago, about the need to maintain records to facilitate future environmental investigations.

Furthermore, even well preserved records are often incomplete. No one wrote down unauthorized burials. Few airmen, sailors, Marines, or soldiers reported dropping or firing munitions that not only missed their targets, but landed off range. At some facilities, no one bothered to document the frequent reconfigurations of training ranges—actions that moved target areas within the property.

Thus records searches, formerly known as Archive Search Reports but now called Munitions Response Historical Records Reviews, are a valuable tool in focusing future investigations, but they are too unreliable to declare definitively that a site is free of ordnance.

Consequently, at many sites—even some still under military management—the lead agency supplements records searches by seeking out and interviewing people who formerly worked or trained at the facility. Old-timers are sometimes unreliable, but at times they have pinpointed problems that otherwise would have been missed. However, as time passes, fewer old-timers are around who call tell stories dating back to World War II.

Site Model

If there’s any key to a successful site investigation, it’s the development of a comprehensive conceptual site model. Early on, the model describes potential sources of contamination, receptors—usually people but sometimes animals—and pathways through which the receptors might come into contact with the hazards, be they explosive or toxic. Throughout the project, the model remains in place as a living document. At every step, new data is used to refine the model. At times, even the structure of the model may be modified to take into account new information.

For explosive constituents, the process of developing a conceptual site model is no different than for industrial chemicals. One considers the nature, extent, migration, and possible transformation of the contamination; profiles the immediate community and ecosystems, as well as those downstream and downwind; and evaluates a list of potential pathways. Such pathways may include drinking water, taking showers, ingesting soil, eating produce or fish, and breathing potentially contaminated air. When the model is created, much of this information may be unknown. The purpose of the model, at first, is to know what questions to ask.

For explosive hazards, the pathways are different. For a conceptual site model to contribute to a safe response, all human and natural activity likely to cause people to encounter ordnance should be considered and evaluated. All too often, these issues are ignored as the response team focuses on geophysical investigations. The site model approach doesn’t come from the explosive safety mission, so it’s often beyond the focus of people whose training is in explosive ordnance disposal.

What could happen that would cause people to encounter explosive devices? Are they allowed on the property? In many cases private residences, private businesses, or public parks are located in contaminated areas. Even where access is denied, do hikers, bikers, equestrians, or school-kids ignore signs and even climb, jump, or—it has happened—remove fences? Are people likely to dig holes for foundations, basements, swimming pools, campfires, latrines, utilities, etc.? Are they likely to plow the soil or shovel firebreaks? 

Are people likely to come looking for souvenirs? UXO is often an “attractive nuisance.” On an old munitions range, someone who catches a glimpse of metal out of the corner of his eye is likely to go look at it or even handle it. If a fin sticks up out of the ground, a site visitor may throw rocks at it or even kick it.  

Even former ranges that are now designated limited-access wildlife refuges attract visitors.  Both Noman’s Land Island, near the largest island of Martha’s Vineyard (Massachusetts) and the former Vieques bombing range attract boaters, and the U.S. Fish and Wildlife Service lacks the resources to patrol their shores. Consequently, people picnic and camp in hazardous, though beautiful, areas.

Though ordnance is not as mobile as its constituents, it does move or become exposed in the environment, even where there is no human activity. Like stones in a New England farm field, UXO may be pushed to the surface by the annual freeze-thaw cycle. In other locations, changing water tables—percolation—may also push ordnance upward. Landslides and floods may move ordnance horizontally. Furthermore, erosion from both wind and water may uncover buried ordnance without transporting it.  Years after bombing activity has ceased along coastal areas, munitions continue to wash up onto the shore. At Aberdeen Proving Grounds, along the Chesapeake Bay, large numbers of munitions have been exposed by the eroding shoreline.  

Site Security

Once anyone discovers that an area is contaminated with explosive hazards, an immediate objective is to prevent encounters. Typically, hazardous areas are fenced off and warning signs are erected. But this isn’t always the case. Sometimes, officials will simply keep quiet about ordnance discoveries, because they don’t have the resources to address the site and publicity attracts souvenir hunters. But most people in the field think it’s politically dangerous, upon finding explosive hazards, to not warn the public about them.

Site security is not only important during the early investigation of UXO-laden property. It must be continued during cleanup. In fact, people may need to be evacuated from nearby areas if there is a risk of accidental detonation, or if open detonation is planned. And some form of site security is usually necessary over the long-term, because there is always a chance that ordnance will go undetected by cleanup crews or the level of cleanup was designed only to support limited use and access.

Site security entails a menu of activities that must be adapted for each property and situation. Warning signs are perhaps the most simple measure. They may warn people to stay out of hazardous areas, or simply suggest that they not approach UXO. They instruct people who spot suspected ordnance to note the location and report it to local authorities such as park rangers or law enforcement officials. Fences may be used to discourage people from entering areas likely to contain explosive hazards, but some areas are too large or remote to keep adequately fenced. Active patrols may be necessary to seriously discourage entry. At the Castner Range in El Paso, Texas, only the repeated arrest of trespassers made a dent in unauthorized entry.

Educational brochures and warnings on trail maps are other site security measures. At Anza-Borrego State Park, in the California desert, access is wide open, but park maps don’t show the trails on the former bombing range. Unfortunately, that’s not enough to discourage entry by the operators of off-road vehicles.

Some open space areas, such the Big Oaks Wildlife Refuge at the former Jefferson Proving Ground, in southern Indiana, require visitors to view a safety video before entry—which is allowed only with specific permission. In the Tierrasanta area, schoolchildren are regularly shown safety videos developed with the participation of the community.

History shows that no single site security measure keeps all unauthorized people out of munitions areas. Access controls are thus layered to discourage encounters. One of the best site security schemes is at the former Ft. Ord, where the inter-agency cleanup team developed a comprehensive plan for site security. This plan, referenced in a remedial Record of Decision (ROD), is updated annually.

The Ft. Ord plan not only calls for a mix of security measures, but it also requires continuing feedback on the effectiveness of those measures. The plan sets up two reporting systems. First, the Army will keep track of all trespassing incidents—that is, when members of the public enter or try to enter hazardous areas. Second, it will record all discoveries of ordnance or “anything resembling” ordnance. Information from both sets of incidents, as well as other information such as fence damage, will be incorporated into the facility’s Geographic Information System. The Army and its regulatory agencies will use the data to improve both site security and the actual cleanup of the property. 

Characterization

The goals of ordnance site characterization are to locate concentrations of unexploded and discarded munitions, collect enough information to plan a comprehensive response, pinpoint potentially explosive devices, and if possible, distinguish explosive devices from other buried metal. Though the U.S. military and others have been sponsoring and even demonstrating technologies that detect ordnance using smell, radar, and acoustic or seismic detection, most ordnance characterization relies on the detection of metals. Magnetometers find ferrous metal objects due to their own magnetic fields, and electromagnetic induction devices emit electromagnetic signals and “listen” for interference from metals. (Most munitions are made from metal. However, many modern land mines are made primarily from plastic, requiring other detection technologies.)

The classic form of range clearance is known, in the business, as “mag-and-flag.” Using technologies developed in the World War II era, explosive ordnance disposal specialists walk across the landscape, swinging magnetometers or electromagnetic induction device close to the surface of the earth. When the device squeals, they place a brightly colored flag in the ground to mark the spot for further investigation, usually through excavation. Mag-and-flag is inefficient, costly, and unreliable, so in recent years the military and its contractors have introduced new technologies and methods. Still, substantial room for improvement remains.

Generally, when the Army Corps of Engineers starts an ordnance response project, it conducts a geophysical survey (surface and subsurface metal detection), based in part on the data in the historical records review, over a small number of grids or squares spread randomly across the property. It is not only trying to figure out where munitions might lie, but it’s gathering data on vertical distribution as well. Furthermore, it records the types of ordnance found. With statistical models, it extrapolates from the data it collects and develops a plan for the entire property. Ideally, such models focus resources where they are needed but save on the overall project budget.

However, many regulators, community groups, and even Defense Department experts are skeptical about the statistical approach. They argue that statistical sampling may generate inaccurate results, because the distribution of ordnance at old ranges and even arsenals is not homogeneous. They argue that statistical sampling has proven inaccurate at numerous major projects, including the Lowry Range, Fort Devens (Massachusetts), and Fort Ord. At the Lowry Range, the Corps’ statistical sampling failed to identify several impact areas, it missed large quantities of live ordnance at known impact areas, and it consistently underestimated the contamination by orders of magnitude.

Particularly where a sensitive future use, such as housing, is planned, the critics may insist upon 100% characterization of the land area. In other cases, the Army Corps’ critics propose transect sampling, in which teams systematically, but incompletely cover the property. For example, they may investigate along rows that are initially far apart. Based upon the results, they may cover rows between the first set.

Any survey of property suspected to contain ordnance includes visual inspection, as well as electromagnetic detection. In fact, many ranges and bases were walked by unskilled teams—such as ground troops—before they were transferred or made available for other uses. On many properties, however, it’s difficult to spot and remove ordnance, even pieces exposed at the surface, because of overgrowth. Sites with heavy vegetation, such as Camp Bonneville, Fort McClellan (Alabama), and Fort Ord present some of the most challenging terrain to conduct cleanup.

For this reason, clearance often takes places during seasons with minimal vegetation. Frequently, however, it’s necessary to cut back—manually or by machine—or burn much of the brush or grass before conducting surface clearance or geophysical investigations. Decision-makers must weigh safety, ecology, and the risks from air pollution in deciding how to deal with the local flora. This can turn into a major controversy. At Ft. Ord, after a couple of fires—including a prescribed burn in support of ordnance investigation—got away, significant community opposition to future burns emerged. Opponents argue not only that smoke from burning vegetation threatens public health, but that the munitions byproducts released through incidental detonation are particularly toxic. Supporters of prescribed burns point out that a recent, controversial burn that jumped its line exposed a great deal of unexploded ordnance—with explosives still intact after the fire.

 At Ft. Ord, natural resource agencies support prescribed burns as a tool for maintaining habitat, but at others, such as Hawai'i’s Makua Military Reservation, fires are considered dangerous to sensitive species.  

While brush and grass pose a major obstacle to investigation and clearance, trees and other large obstructions often pose less of a problem. Technicians carrying portable metal detectors can simply walk around them, and computers (using the digital mapping techniques described below) compensate for their “meandering paths.”

Depending upon the soil type, size and type of ordnance, and method of delivery, unexploded ordnance may lie near the surface or may be buried deep in the Earth. Artillery shells rarely penetrate below three or four feet, but legend says that some large aerial bombs have been found at forty feet. Most metal detecting devices can find small pieces of buried metal to about four feet, and larger items even further down. Where the anticipated future use—usually immediately planned excavation or construction—requires that buried ordnance be cleared deeper than about four feet, the standard method is to conduct a geophysical survey, remove the ordnance, and then remove the soil. Then another geophysical survey is conducted. This typically continues until no more ordnance is found.

Until the 1990s, mag-and-flag was the name of the game. At a typical site, ordnance specialists carefully excavated under at least one hundred flags, at $200 each, for each piece of ordnance found. These dry holes are known, in the business, as “false anomalies.” Still, because the other metal that triggered the machine’s squeal could interfere with the detection of additional ordnance in the area—such as below the item found—the technicians would remove any anthropogenic item—a weapon fragment, nail, can, car part, etc.—to the project’s scrap pile. 

Digital Systems
Over the past decade, however, the military and its contractors have been developing, testing, and fielding improved methods for detecting and identifying unexploded ordnance and discarded munitions. While most people agree that the Defense Department is not spending enough money on new technology, and that the munitions response budget is not currently large enough to generate much private sector technology investment, the people at the Defense Department responsible for managing these technology programs clearly have their arms around the problem. 

The most promising approach is digitally recorded geo-referenced systems. With these technologies, sensors are still moved across the landscape by individual operators, ground vehicles, or even helicopters. Using the Global Positioning System or other extremely accurate navigational tools, the characterization team knows continuously where each sensor is. Instead of broadcasting squeals, the sensors collect data as they pass over metallic objects in the soil. (It is also possible to digitally reference flags placed during mag-and-flag surveys.)

That data is stored for or transmitted instantly to a computer, which develops a detailed map of all the sensor data collected. The team can thus compile data for each location from multiple sensors, of the same or different types. In fact, they can return to the site later with a piece of detection equipment unavailable at the time of the original sweep.

Each object registers a digital profile in the computer’s memory. Defense Department-sponsored researchers have developed and are improving a number of algorithms to analyze that data, hoping to come up with digital characteristics that allow them to distinguish reliably live ordnance from scrap, other metallic debris, and iron-bearing rock. With digitally recorded systems, the teams dig only at those spots which show digital profiles matching known ordnance profiles. The more successful they are, the less money is wasted—and disturbances to the environment are limited—chasing false anomalies.  Some of those technologies have worked well in the field, but variations in both geology and ordnance characteristics still limit their applicability.

There is generally a trade-off between reliability and efficiency. That is, if detection capability is boosted to increase the probability of detection—that is, to ensure that more UXO or discarded munitions are found—then more false anomalies are registered, boosting the cost, time, and environmental damage. A key goal of the Pentagon research and development program on munitions response, therefore, is to come up with both hardware and software that reduce false anomalies while bringing the probability of subsurface detection closer to 100%, in a variety of scenarios.

“There is no ‘silver bullet.‘”  That is, no single technology has proven superior. Because the relative success of technologies is heavily influenced by site conditions, the response team leadership often brings in competing contractors with a variety of equipment and techniques to determine which approach works best, in test plots similar to the area being investigated, before selecting a remedy.

Wide-Area Assessment

However one advance could have a quick, significant impact on the munitions response program: wide-area assessment. In its November 2003 report, the second Defense Science Board Task Force on Unexploded Ordnance called for Congress to fund and authorize a national Wide-Area Assessment program to determine accurately the extent of ordnance contamination on former range lands within the United States. This method would allow the Defense Department to “reduce the UXO footprint” and begin to focus its energy and resources on land where UXO is actually present. The Task Force envisioned a five-year program funded at 200 million dollars per year.

Wide-area assessment utilizes two basic platforms: helicopters and small fixed-wing aircraft. Both employ sensors that detect ordnance and map locations. Typically helicopters use electromagnetic technology to sense the actual ordnance, and fixed wing aircraft rely upon hyper-spectral technology, which scans the ground looking for scars on the land. Fixed-wing technology can cover large tracts of open land at high altitudes, while helicopters tend to be more efficient in smaller areas with dense low-lying vegetation. Both technologies require ground-truthing to ensure that the information collected while flying over the land translates into usable data.

In Colorado, the fixed wing approach has worked well at the generally flat Lowry Range, and it is now being used at the mountainous former Camp Hale. Helicopters have been used effectively at a number of sites, including the Badlands Bombing Range (on the Pineridge Sioux Reservation) and Noman’s Land Island, and  the Shumaker Depot in Arkansas.

Where successful, airborne wide-area surveillance can lower the cost of cleanup from $1000 per acre to $50 per acre. Even if those reductions occur on a fraction of the tens of millions of acres suspected to contain ordnance, the savings could be enormous.

Though Defense environmental research offices and the Defense Science Board have endorsed wide-area assessment, very little has been done, largely because it doesn’t fit easily into the Army Corps’ site-by-site contracting system. However, the new strategy has growing Congressional support. In May 2004 Representative Earl Blumenauer (D-Oregon) proposed legislative language implementing the Task Force approach, but it was not included in the Defense Authorization bill. Still, Blumenauer and a small number of colleagues are expected to keep pressing the issue.

Removal and Disposal

Explosive ordnance disposal (EOD) specialists, capable of identifying and evaluating ordnance, conduct or supervise the excavation of detected objects. Usually this is done with a shovel, but there are remotely piloted “robots” in use. The Air Force relies heavily on such equipment on its active ranges. Typically, excavation becomes more careful and slower as the metallic object is approached, particularly once an identifiable section of a live weapon is exposed.

Once ordnance is located, the EOD specialist decides how to dispose of it. If it looks like a munition designed to deliver chemical ordnance, high-tech tools are often brought in to examine it. If it’s a non-explosive type of ordnance, it is simply removed. However, if it looks like it might contain high explosives, it is assumed to. The EOD specialist decides whether it is safe to move.

If the munition appears unstable, it is usually blown in place—that is, detonated in the open without being moved. That is, if necessary, the site is cordoned off. The EOD person places an explosive charge on each munition and remotely sets it off. If the site is in an inhabited area, the response team may place sandbags or other muffling materials over or adjacent to the munition to dampen the noise and blast and contain any shrapnel. At Ft. Ord, the Army Corps has actually used inflatable “kiddie pools” to control such explosions. However, re-burial before detonation is usually a bad idea, since it may prevent full combustion of the explosive materiel.

Historically, open detonation in place has been the military’s preferred method of disposal. In recent years, however, many communities have objected to the resulting noise, blast, and toxic releases. The most popular alternative is now confined detonation, in equipment such as the Donovan Blast Chamber. The blast chamber uses steel construction to contain the blast and noise, and it captures and filters emissions in a tent-like structure. To minimize the transportation of ordnance, the trailer-mounted Donovan can be brought to the areas in which munitions are found. That has limited the size of munitions it can handle, but under new ownership the builders of the Donovan are preparing larger systems. Of course, an EOD specialist must determine that it’s safe to move recovered munitions into the blast chamber.

Once a munition has been blown, it often leaves a tangled mess of scrap metal. In fact, munitions ranges generally contain tons of metallic scrap. UXO characterization teams collect the metal into large piles for recycling. Furthermore, clearance teams often remove large scrap items, such as old equipment used as targets, from active ranges, without conducting UXO clearance, just to retain their viability as impact areas.

Recycling sounds good, but it isn’t easy. Sometimes, live explosives remain entrained in pieces of ordnance. When the metal is heated for recycling, explosions occur. In March 1997, for example, a worker at a Fontana, California metals plant was killed while melting scrap metal from purchased from the military. Since then, the Defense Department has tightened its procedures for disposing of range scrap, but that slows the process. In the late 1990s and early 2000s, the Navy and Marines sorted and recycled nearly 1,400 tons of residue, including 1,000 tons of scrap metal, from the Yuma Range Complex in Arizona and California. The project took 12,500 work hours.

Open Burning/Open Detonation

Before the availability of blast chambers, if munitions were not blown in place, they were collected for open burning or detonation (OB/OD). OB/OD for range response, as well as for the demilitarization of high-explosive weapons stockpiles and the disposal of manufacturing wastes, continues at many locations, but it is controversial. On the one hand, burn pits where open disposal occurred routinely over decades are among the most contaminated sites on military bases. On the other hand, the Army conducted a series of “Bang Box” tests at its Dugway Proving Ground in Utah, to justify open burning/open detonation as a disposal technology. It found that toxic hydrocarbons were emitted at very low levels. However, the real world implications of the bang box studies are questionable, because the combustion of small quantities of explosives in laboratory conditions does not necessarily scale up or transfer into the field. 

More important, such studies don’t show what happens to the heavy metals—lead, nickel, cadmium, etc.—that make up one to two percent of the mass of a typical munition. A comprehensive assessment of OB/OD should include a mass balance analysis. Since heavy metals do not transform into gold other any other element, they must be accounted for in the air, water, or soil. 

Furthermore, the open burning of waste solid rocket fuel releases hydrogen chloride and aluminum oxide into the environment. Hydrogen chloride mixes with water in the atmosphere to create hydrochloric acid, thus acid precipitation. Studies show that aluminum oxide is toxic to fish and probably other organisms. On top of that, there is emerging evidence that un-combusted perchlorate particles are emitted, as well. Under pressure to halt such emissions, the military and its contractors have developed environmentally sound treatment alternatives.

Routine open combustion creates a toxic load on the environment that cannot be excused simply because the contamination disperses. Consequently, the people who live near OB/OD sites and environmental regulators have been pushing the military, for more than a dozen years, to develop and use alternatives. Such alternatives now exist for the wholesale demilitarization of weapons stockpiles, and many could be used to dispose of large ordnance items or quantities too numerous to handle in commercially available blast chambers.

Grading

Because there is no way to guarantee that a range or discarded munitions disposal area is 100% explosive-free using conventional geophysical investigation techniques, a few housing developers are beginning to supplement that approach with grading. That is, as part of the preparation of the land for development, they place clean soil above the cleared area. As long as that soil remains it place, it can act as a barrier that prevents encounters with otherwise dangerous munitions. At a housing development constructed over a portion of the former Benicia Arsenal, near the San Francisco Bay, the developer capped cleared property with sifted Earth and other “clean fill.” The Navy reportedly plans a similar approach at a proposed military family housing development at the Miramar Marine Corps Air Station. This method hasn’t been used much, at least in a systematic way, so there are no generally accepted standards.

Toxic Response

Responsible parties and regulators should—and sometimes do—address explosive constituents and byproducts, the toxic substances associated with non-chemical munitions, in generally the same way they treat industrial chemicals. In theory at least, once contamination is identified, they create a conceptual site model, outlining potential sources, pathways, and receptors. Through extensive characterization, they determine the nature and extent of contamination, project its fate and transport—that is, determine how people and animals might become exposed—and assess the health risk to humans and/or the environmental risk to ecosystems. If the risk exceeds legally established thresholds, they evaluate a range of response actions, select a preferred remedy, and implement it. If the remedy requires long-term monitoring, continuing operation and maintenance (pump-and-treat systems, for example) or long-term stewardship (that is, controls on access and use of land or water), the response may continue indefinitely. Of course, if the risks are apparent during the initial investigatory phase, there are numerous mechanisms for beginning the cleanup early in the process, before long-term remedial decisions are made.

However, the response at munitions sites has certain unique features. The first is the preeminence of the explosive hazard. Cleanup personnel tell stories of two teams arriving at contamination sites at the same time. One carries metal-detecting devices to find unexploded ordnance. The other is dressed in “moon suits” to handle toxic soil or water. The Army Corps of Engineers actually has guidance to resolve who has priority. Usually it’s the explosive response team, but at sites with suspected chemical weapons, the explosives team may be wearing protective suits. In fact, before toxic cleanup personnel can conduct their investigations on munitions sites—drilling monitoring wells, for example—EOD teams must clear the area, to prevent not only direct encounters but also accidental detonation from sparks caused by excavation or welding operations.

Explosive constituents also differ from other toxic substances because much less is known about how they enter the environment, what happens to them, and their potential risks. For example, when investigators first discovered RDX in the aquifer that serves as the sole source of drinking water on Cape Cod, it was clear that Camp Edwards, the National Guard training area at the Massachusetts Military Reservation, was the source. But it wasn’t clear whether the contamination came from corroding unexploded ordnance, waste burial pits, or the leftovers from munitions detonations. 

As a result, the Army expanded significantly its research on explosive contamination. In one innovative study, researchers from the Army’s Cold Regions Research Laboratory detonated munitions on snow, and then they collected the ash. They concluded that low-order (incomplete) detonations released orders of magnitude more RDX into the environment than full detonations, in which the RDX was converted to other hydrocarbon compounds. Such knowledge doesn’t directly explain what happened at Camp Edwards or other sites, but it gives investigators important new tools for conducting site-specific studies.

Furthermore, while there are legally promulgated health standards for exposure to common industrial contaminants, such as TCE or lead, federal standards do not yet exist for explosive constituents such as RDX and perchlorate. In fact, the Defense Department argues that it can’t commit to cleaning up low concentrations of such pollutants until EPA has completed a long, complicated regulatory process, and in arguing for less stringent standards Defense is building additional delays into the process. Its legal argument doesn’t hold water, but the Defense Department is powerful enough to resist requirements that it address low concentrations until the standard-setting process is complete. However, for perchlorate at least, the Department has agreed to obey state standards when they is finalized. Of course, legally promulgated state standards automatically apply under the Superfund law (the Comprehensive Environmental Response, Compensation, and Liability Act, or CERCLA).

Once explosive compounds are found near a former range, or even headed off a range, the military usually cooperates with regulators, undertaking required sampling and at times, remedial action. However, the Defense Department has yet to commit to a systematic program to evaluating and responding to toxic contamination at ranges that are no longer operational.

Underwater

Overall, the response to ordnance lying on or buried within underwater sediment lags behind land-based munitions response. The requirements are less defined. The technology is less developed. The magnitude of the problem is unknown. If ordnance response, in general, is poorly recognized as an issue, then underwater ordnance isn’t even on the sonar screen. 

Arguably, munitions contamination on land has rightfully been a higher priority. Not only are people more likely to encounter ordnance on land, but in waterways there is a chance that areas cleared thoroughly one day might quickly be recontaminated as the ordnance or sediment is moved by currents or tidal action. Still, the Navy and regulatory agencies are beginning to consider ways to address underwater risk, particularly in shallow areas with human activity.

Offshore ordnance often requires a response because some of it washes ashore—or is brought ashore by dredging operations. For example, in September 2003, after hurricane Isabel, a large number of ordnance items were found on the Chesapeake Bay shoreline. Furthermore, there are numerous locations where people are likely to encounter underwater ordnance. Fishing, diving, and construction all present explosive risks. The presence of ordnance underwater may also pose risks to fragile ecosystems, such as coral reefs, as toxic constituents are released over time. (On the other hand, intact munitions and large fragments may provide the foundation for the formation of additional coral colonies.)

While some ordnance, such as anti-ship mines, anti-ship missiles, and torpedoes are designed for use in waterways, underwater ordnance includes all types of weapons. The military has used both inland waters and the oceans for testing and target practice, and sometimes land-targeted munitions have missed their impact areas and “landed” offshore. In addition, munitions have been disposed or dumped into waterways from both ships and planes.

The Defense Department—led by the Navy—needs to create a screening system for evaluating where underwater munitions response may be necessary. Regulators and the public, particularly people who use those waterways, should play a significant role in devising that system. At shoreline ranges such as the Vieques impact area, where underwater ordnance lies in sensitive ecosystems with continuing public access, the Navy needs to negotiate the level of response with the concerned public as well as with other government agencies.

Next, the military needs to create a living inventory of underwater sites, with all stakeholders recognizing that the ultimate response, for large swaths of ordnance-contaminated ocean, may be limited to noting the risk on navigational charts.

Finally, the Defense Department should accelerate its efforts to devise efficient ways to search for and remove underwater munitions and to sift them from dredge spoils. The prevailing approach is to use similar instruments to land-based systems, but to adapt them to a maritime environment. In fact, at the former Mare Island Naval Shipyard, in Vallejo, California, the Navy has tested multiple methods of underwater detection. Thus far, mounting metal-detecting devices on an underwater sled appears more accurate and reliable than guiding similar devices along the water’s surface. 

Uranium

Though they do not contain explosives, depleted uranium projectiles, fragments and uranium oxide dust are found on a number of munitions ranges, and they too require an environmental response. However, the Defense Department has done little to clean DU sites. At the Jefferson Proving Ground, for example, the Army has argued that no cleanup is required, despite the presence of over 70,000 kilograms of DU in the JPG impact area.

It appears that the Defense Department not only fears the cost of cleaning up DU within the United States, but it also recognizes that any official recognition that DU waste poses serious environmental risks may undermine its use in combat. DU waste litters the battlefields of Kosovo, Kuwait, Afghanistan, and Iraq, but the Pentagon doesn’t want environmental concerns—perhaps boosted by a confusion with nuclear weapons—to restrict DU use in war or to force the U.S. to conduct extensive environmental remediation on foreign battlefields.

Technically, cleaning  up DU is no more difficult than remediating lead objects and particles, but since DU was fired into some areas (such as at JPG) also containing UXO, DU removal  must be carefully coordinated with traditional munitions response.

Chemical Weapons

Though lethal chemical weapons are not currently within the U.S. military’s active arsenal, they remain a major environmental challenge. The Army is well into a program to demilitarize and destroy more than what was originally 30,000 tons of stockpiled chemical agent in both munitions and bulk containers at eight bases within the continental United States as well as the Pacific atoll of Johnston Island (also known as Kalama), where destruction was completed in 2003. This program, mandated by both treaty and statute, is controversial, because citizens groups at each site have opposed, for more than a dozen years, the Army’s historically preferable disposal technology, incineration.

While the Chemical Stockpile Demilitarization Program continues to gather most of the headlines, the Army’s Non-Stockpile Demilitarization Program actually has a much wider scope. The Non-Stockpile Program includes the removal of chemical production plants and the destruction of the chemical constituents at a handful of sites, and it supports nationally the recovery and disposal of chemical munitions at ranges and old burial sites. That is, each component of the Defense cleanup program—particularly the FUDS program—may uncover old chemical ordnance and test kits as they search for unexploded ordnance and discarded munitions. Where such items are found, or even  suspected, they call in the Non-Stockpile program.

Unexploded and discarded chemical munitions are probably the most hazardous items addressed by munitions response programs. They may contain arsenic-based mixtures, mustard agent, or nerve agent, small quantities of which can kill or injure large numbers of people. Many of them have survived firing or previous disposal attempts, or they have been exposed to the elements. Thus, even though some may lack chemical agent and/or explosives, they must be presumed to be armed with both explosives and chemical agent and to be unstable.

Old chemical munitions have been found in areas known to have hosted chemical weapons testing or disposal operations, but other have been found in unrecorded dump sites or on conventional munitions ranges. Chemical Agent Identification Sets, which contained small quantities of agent to help troops learn the tell-tell smells of chemical weapons, have even been found at some sites not believed to have served as military facilities.

In areas suspected of containing chemical weapons, the surrounding area is cleared before response teams are sent in. Only specialists in airtight “moon suits” engage in geophysical investigation or excavation. When suspected chemical munitions are found at other locations, the munitions response team takes immediate steps to clear unprotected people from a wide area. With protective measures in place, initial site surveillance relies upon the same equipment and techniques as the characterization of conventional ordnance.

Historically, when cleanup teams found ordnance that appeared to be capable of containing chemical agent, their preferred practice was to explode such items in place, overpacking them with at least five pounds of explosive for each pound of chemical agent to ensure that nearly all the chemical agent would be destroyed. That practice still continues where experts determine that the weapons might be too unstable to handle. 

Early in the Non-Stockpile program, items deemed stable enough to move were placed into sealed containers for transportation. They were moved within large facilities such as the Aberdeen Proving Ground to remote storage areas, or they were taken to sites like Pine Bluff Arsenal, Arkansas, already home to a large stockpile of chemical munitions. Today the Army is building a fixed treatment facility at APG to drain and neutralize recovered chemical munitions there, and but it has decided to use the transportable Explosive Destruction System (EDS), which neutralizes the chemical agent after blowing apart the walls of the shells, at Pine Bluff. Usually, either at the point or discovery or at treatment facilities, the Army uses X-Rays and neutron spectroscopy to measure and identify chemical agents within sealed munitions, reducing the guesswork involved in selecting the proper disposal approach.

Neutralization technologies are generally less controversial than detonation and incineration, but they still generate toxic waste, generically known as neutralent. They also deposit chemical fumes on carbon filters, which must also be treated or disposed of as hazardous waste. Thus, the disposition of the secondary waste—some of which may contain very low concentrations of chemical agent—remains a technical and political challenge.

The practice of transporting recovered chemical weapons triggered opposition from communities near recipient installations and from people along transportation routes. In response, the Army has developed, tested, and used transportable treatment systems, such as the EDS and the Rapid Response System, which is designed to destroy identification kits. These contained systems have even been used, with public support, to destroy munitions in urban settings, such as Denver’s Rocky Mountain Arsenal and Washington, DC’s affluent Spring Valley neighborhood.

Ironically, the successful use of transportable treatment systems may create a major challenge for munitions response. The Army Corps of Engineers has been hesitant to investigate some former chemical weapons facilities—such as the Black Hills Ordnance Depot, in southwestern South Dakota—and it has been difficult for others to insist on prompt action because there was no practical way to deal with munitions as they were unearthed. That is, intact buried munitions were safer underground—as least until weather or human activity (as in Spring Valley) exposed them and put the public at risk.

As the Army improves and builds more transportable treatment systems, it will make more sense to address these unexplored chemical sites. The inventory of recovered chemical munitions will increase. The problem will seem to get worse. In fact, the spurt in activity will reflect the Army’s growing capability—the product of years or research, testing, and dialogue with other stakeholders—to address recovered chemical munitions in a safe, systematic fashion.

WHO’S IN CHARGE?

Regulatory Framework

Historically, one of the most challenging aspects of munitions response is that government agencies disagree over who is in charge. That is, who decides where to look for ordnance? Who decides what technologies to use? Who decides on the disposal strategy? While sometimes the military, regulators (from U.S. EPA or state environmental agencies), and land recipients (local governments, tribes, or federal land management agencies) work cooperatively, there have been enough disagreements in the past that the issue of ultimate decision-making authority is always lurking in the background, where not front and center. Regulatory agencies consider unexploded ordnance and discarded munitions to be wastes, at least at former ranges and disposal sites, but the military often argues that old, unexploded bombs and shells lying on or beneath the surface of training and testing ranges are not wastes because they are fulfilling their intended purpose.

The Defense Department, in essence, wants ultimate control over munitions response for three reasons: First, the Defense Department has historically held a near monopoly on explosives expertise. It doesn’t want personnel whose training is in the risk management of industrial chemicals to make decisions that might put response personnel or others at risk. Second, it fears that agencies who don’t have to foot the bill might require the full remediation of former military ranges. At the traditional $10,000 to $20,000 per acre cost of mag-and-flag operations, addressing some 15 million land acres of former ranges in the U.S. would be prohibitively expensive. Third, applying the principles of environmental protection to active military ranges could force the military to curtail its training and testing operations. This has happened at the Eagle River Flats range near Anchorage, Alaska, where Army researchers had concluded that white phosphorous from military munitions was killing waterfowl, and Camp Edwards, where U.S. EPA ordered the National Guard to halt live-fire training to protect the regional water supply.

The arguments over munitions response regulation emerged in the early 1990s. State officials and national environmental organizations were urging Congress to enact the Federal Facilities Compliance Act (FFCA), to make federal agencies subject to enforcement under the nation’s hazardous waste laws. As passage neared, the Pentagon argued that munitions should be excluded from those waste laws, and the Senate’s version actually endorsed the Defense Department position. However, the House version prevailed. As passed in 1992, it directed EPA to write a regulation determining when munitions become hazardous wastes, within eighteen months.

In February, 1997 EPA finally promulgated the Military Munitions Rule. It resolved a number of issues involving the treatment, storage, and disposal of munitions, but it punted on the controversial issue of the cleanup of former ranges. That is, it acknowledged that in most cases regulators had no authority over cleanup at active or potentially active (called “inactive”) munitions ranges, and it deferred to the Defense Department the promulgation of a separate rule, the Range Rule, to determine the decision-making process for responses at former ranges. Defense was supposed to write that rule within one year. In late 2000, in the waning months of the Clinton Administration, Defense abandoned its proposed Range Rule. Its approach drew too much opposition from state and federal regulatory agencies, community and environmental organizations, and federal land management agencies. 

In the wake of the Range Rule debacle, Defense initiated meetings with EPA, other federal agencies, the states, and tribes. This Munitions Response Committee issued an agreement in late 2002, in which the parties agreed to try to work together. Failing agreement at a site, they reserved the right to go to court to pursue their respective points of view. The MRC continues to negotiate privately some of the key munitions response issues. It’s proposals have no legal standing, but it’s a welcome oasis of cooperation in the vast desert of regulatory argument.

Indeed, there has been some litigation on munitions response. For example, Colorado brought suit in June, 1997 to force the Army to upgrade its cleanup of the Lowry Range former Defense site. Activities are now being carried out under an out-of-court settlement reached in April 1998. . After the Army voluntarily agreed to include munitions response in the CERCLA cleanup at Ft. Ord, community members successfully obtained a court order to force the Army to conduct the response as a remedial action, not a removal action. And the same attorneys have brought suit, on behalf of organizations in Alaska, to force additional cleanup at Eagle River Flats. Thus far, however, none of the litigation has come close to resolving the unanswered questions on ultimate munitions response authority.

Finally, though the people who live on or near current and former munitions ranges and disposal sites have no direct control over military response plans, they have the opportunity to exert critical influence. The military, in cooperation with regulatory agencies, has formed almost 300 Restoration Advisory Boards (RABs) to institutionalize public oversight of the cleanup of active installations, recently closed bases, and even formerly used defense sites. A few dozen of those deal with munitions response. At RAB meetings, community members may advise the military, and if the military doesn’t respond, RAB members are often able to obtain the information they need to raise questions with the press or elected officials. Not all RABs work well, but in general communities are able to influence munitions response and other decisions if they incorporate such official public involvement mechanisms into broader strategies to influence decision-makers.

Readiness and Range Preservation Initiative

In 2002, 2003, and again in 2004, the Defense Department asked Congress to help resolve the dispute over the regulation of munitions wastes. As part of its multi-faceted Readiness and Range Preservation Initiative (RRPI), it sought to weaken both the Resource Conservation and Recovery Act (RCRA) and CERCLA as they apply to munitions and explosive constituents. Defense lawyers say that it has been their intent simply to exempt operational—that is, active and inactive—ranges from environmental regulation. Their legislation would build upon the Munitions Rule’s exemptions for munitions, applying them to toxic constituents such as RDX and perchlorate that are generated on range.

Other lawyers, particularly the Attorneys Generals from states with big munitions range problems, read the original RRPI proposal more broadly. They believed it would exempt former ranges and contractor facilities, not just operational ranges, from regulation under RCRA and CERCLA. The Defense lawyers insisted that this was not their intent, and they offered clarifying language, but they never offered any language making it clear that states (as well as federal and tribal regulators) can regulate former ranges as waste sites.

The principal reason that state officials believed that the Defense Department wanted to exempt more than operational ranges from regulation is that the Military Munitions Rule already specifies that regulators do not have the authority to direct the management of explosive risk on active and inactive ranges. Furthermore, only in extreme circumstances such as the contamination of groundwater on Cape Cod have any regulatory agencies sough to curtail military activity on ranges. That is, they expect such ranges to be dangerous places, and they consider it the military’s own responsibility to protect their personnel and contractors from explosive threats. They seek cooperation in addressing the spread of toxic contamination

In December 2003 the Defense Department met with representatives of several western states to explain its requested changes to RCRA and CERCLA. States officials, however, remained skeptical. They cited numerous cases where states have worked hard to partner with the military services to avoid impacting training and other readiness activities. One such example is Fort Carson, Colorado. Regulators worked with the Army to install a groundwater monitoring system that wouldn’t interfere with training, and they scheduled regular maintenance and sample collection to avoid interference with Army missions. DOD officials were forced to concede that state and federal regulatory practices had not impeded training, and that this was more an issue of DOD retaining ultimate control over its ranges.

In May 2004—for the third year in a row—Congress agreed with regulators, concerned citizens, and others that the Defense Department had fallen far short of making its case for the amendment of RCRA and CERCLA. It excluded those provisions from the Defense Authorization Act. 

If President Bush is re-elected, his powerful Defense team plans to keep pressing. It might make more sense, however, to stop trying to modify the environmental laws, as they apply to munitions response, by changing the definitions upon which they are built. Instead, the Defense Department could work with its critics to describe the unique features of munitions response—particularly decisions involving explosive safety—and ask Congress to build protections into the law without narrowing the scope of hazardous waste.

Range Management

Under pressure but not mandates from the outside, the armed services are moving toward more environmentally responsible management of their ranges. Sometimes they conduct range clearance to make it safer to maintain targets, protect groundwater and threatened species, and prepare for possible closure of ranges in the future. Not only has the Air Force routinely conducted surface clearance at its impact areas, for years, but also, in the belief that its new Ft. Belknap Range in Montana will have a finite lifespan, the Air Force is designing it “with the end in mind.” 

Many Defense officials see the need to improve the management of ranges, but the political leadership doesn’t want to surrender control of any aspect of range activities to EPA, the Fish and Wildlife Service, or their state counterparts.. In the late 1990s, the Army-sponsored multi-stakeholder National Dialogue on Military Munitions developed the Principles for Sustainable Range Use/Management. Even before the Dialogue filed its report, the Defense Department incorporated its recommendations into two directives on sustainable range management. In May 2004, the Department revised at least one of those directives, slightly expanding its internal requirements for addressing munitions constituents on operational ranges.

Decisions

The various munitions-response stakeholders spend a good deal of time debating who’s in charge, but there are important, practical decisions that need to be made at each site. Knowing who has the authority to resolve disputes that are elevated up the respective chains of command at participating agencies tends to color the negotiating posture of each groups. And often there are disagreements over the breadth and depth of clearance.

Communities, land receiving agencies, and regulators generally want the Defense Department to investigate larger areas and not to rely upon the statistical sampling of small fractions of potentially contaminated areas. They note that ordnance is often found where it’s not supposed to be, and that previous 100% surveillance has picked up hazards not predicted through statistical approaches. The military, on the other hand, doesn’t want to expend vast resources digging dry holes—that is, removing nails, car parts, or even iron-containing rocks from the ground.

Historically, project managers responsible for UXO clearance have followed the Department of Defense Explosives Safety Boards 1-4-10 rule of thumb. Under this concept, clearance should be conducted to 1 foot where there is limited public access (grazing land and wildlife preserves), 4 feet for sites with public access (agricultural, surface recreational, parking, and surface storage), and 10 feet for unrestricted use (structures, camping, construction, etc.). This standard, however, is only the starting point, to be used for planning purposes. Actual decisions about removal depths are supposed to take into account site-specific factors such as reasonably anticipated property use, migration (such as freeze-thaw uplift) and erosion, the property or environmental damage likely to be caused by intensive investigation, and the risk to response personnel. Decisions about investigation depths should also consider likely penetration depths. That is, if the munitions known to have landed at the site never go deeper than three feet, then there is no need to investigate to five feet. Generally, Defense officials want to limit costs by limiting investigation depths. Other parties usually argue for deeper characterization to reduce the explosive risk to the public.

Normally, these are not one-time decisions. That is, early in the development of a conceptual site model, decision-makers may decide on a removal depth. Since this may be based upon archival records, which are notoriously inaccurate or incomplete, they use data collected in early geophysical sampling to update the model. This, in turn, may lead to adjustments in workplans.

Site security decisions may also be controversial. One the one hand, project managers who wish to minimize actual clearance costs argue that institutional and access controls are a good way to limit encounters. On the other hand, restrictions on use and access have historically been applied as an afterthought, with no enforcement and little monitoring. Communities, land management agencies, and regulators have argued that such controls should be enforceable for the (usually indefinite) life of the hazards, and that their costs should be analyzed up front. No one denies that site security is an integral part of the long-term response at most munitions sites, but external stakeholders fear that the military wants to rely on site security instead of cleanup, thus passing on the response costs to the current or future owners and managers. Most military project managers resist any requirements that would require long-term involvement by their organizations, but they welcome protective measures implemented by property recipients such as  the Kaho'olawe Island Reserve Commission and the Big Oaks Wildlife Refuge, which manages public use of the bulk of the Jefferson Proving Ground.  

However, organizations tasked with the management of these vast tracts of land have few resources to maintain and enforce such restrictions. These organizations, more often than not, have multiple care-taking responsibilities. For example, once the Fish and Wildlife Service took over responsibility for the former Navy bombing and maneuver areas on the eastern end of Vieques, they immediately became caretakers, police, and managers of the largest undeveloped piece of land in the Caribbean. Now, in addition to the usual responsibilities that go along with a refuge, Fish and Wildlife must also try to keep tourists, campers, boaters and others out of the former Live Impact Area. This parcel of land is littered with ordnance—both buried and on the surface—the result of more than sixty years of Navy training. With large stretches of beautiful coastline beckoning visitors, the Fish and Wildlife Service simply doesn’t have the time, money, or staff to patrol the shores to keep people off of that end of the island. Just as the military often points out that environmental management is not a core mission at the Department of Defense, conservation agencies note that policing is not their core mission.

In recent years, decisions about both the characterization and remediation of explosive constituents have been flashpoints at many sites. Historically, the military has attempted to avoid even looking for RDX, perchlorate, and other persistent explosive chemicals and byproducts. Hoping that the health standard for the cleanup of perchlorate will allow much higher residual concentrations than currently proposed—thus erasing most potential sites from the map—military project managers have more often than not resisted taking action. However, as the political pressure mounts to do something about the apparent health risk, the Pentagon is revising its policies to make it easier, in certain circumstances, for its field personnel to cooperate—without recognizing any new, unpromulgated health standards. Since RRPI has not been enacted, regulators still appear to have more leverage over decisions about toxic risks than explosive risks.

Privatization

Historically, almost all ordnance cleanup has been conducted by the military, with regulators, land recipients, and the public at large trying to influence decisions. In recent years, the Defense Department has been trying, where possible, to hand off closed and closing cleanup sites—not just those with munitions—to local governments and private businesses. With one or a few payments, they hope to transfer their short-term cleanup responsibility for these sites. The concept is generally called “privatization,” even though the new project manager may be another government agency.

At closing facilities, this approach relies on a legal provision known as “early transfer.” Until 1996, CERCLA required that cleanup remedies be in place before contaminated federal property could be transferred to non-federal entities, but under Section 334 of the Defense Authorization Act of 1997, the Defense Department may transfer contaminated property as long as there are assurances—such as liability protections, environmental insurance, and other legal mechanisms that are written into formal transfer agreements—that cleanup will continue until completion. At all such properties, the state governor must approve the deal, and at NPL sites, EPA must consent as well.

Similar arrangements—that is, management of cleanup by a private firm, local government, or other federal agency—may be made at FUDS, but since the property is by definition no longer in Defense Department ownership, there is no “early transfer.” 

Given the slow pace of military-managed cleanups, particularly at munitions response sites, some developers and local reuse authorities jump at the chance. By taking over the management of the cleanup, they hope to save money by speeding reuse and combining cleanup with redevelopment activity. For non-munitions sites, there are a growing number of success stories, but there are also major sites where the military has not offered enough cash for the locals to agree to conduct adequate cleanup.

There are a small number of munitions response sites—the Lowry Range and Benicia Arsenal FUDS and base closures such as Ft. McClellan and Camp Bonneville—where privatization has been proposed. Implementing this approach at munitions response sites is particularly challenging, because with traditional methods sites are not fully characterized until most of the work has been completed. That is, it’s difficult, if not impossible, to put a reliable price tag on the response—and receive such funding from the military—until it’s too late to reap the benefits of early action. 

Therefore, before backing privately led munitions response activities, environmental insurance companies are requiring extensive site characterization. While the Defense Department and regulators remain at an impasse over standards for munitions cleanup, private industry is pushing forward by writing cleanup standards and characterization or remediation technology requirements into their negotiated agreements.

At some sites, particularly FUDS, developers are seeking reimbursement after the fact. For example, on one portion of the Lowry Range, U.S. Home Corp. spent $7.6 million to clean up thousands of pieces of live and practice munitions, to speed the site’s availability for home construction. State regulators oversaw all activities. The firm is now seeking reimbursement from the Department of Defense. In May 2004 the House of Representatives passed legislative language authorizing the Defense Department to reimburse private industry for the cost of cleanup at former defense sites. If the provision is enacted, this practice will spread, particularly at properties with high development value. 

It appears that early transfer will be approved for a portion of Ft. McClellan, and if that is successful, it is likely that similar proposals will emerge at other recent or upcoming base closures.

In all cases, proposals to transfer responsibility require careful scrutiny by regulators and the public. While federal legislation gives the public a clear opportunity to engage in oversight—such as forming a Restoration Advisory Board—at Defense-led cleanups, in most states private parties have little or no obligation to involve the public at non-Superfund cleanups. Early drafts of the Pentagon's “RAB Rule” don’t require privatization documents to include a provision for public participation, so it may take legislation to ensure that the public continues to have a role in the environmental decision-making process at privatized military cleanup sites

LOOKING FORWARD

Pollution Prevention

As the various munitions response stakeholders consider how to conduct a multi-billion dollar cleanup program, growing attention is being paid to the challenge of avoiding such requirements in the future. Indeed, one of the most effective arguments against cleaning active ranges is that they will be immediately re-contaminated.

As long as the U.S. has a military that continuously prepares for war and often engages in combat, it will generate UXO. This is not just a problem for domestic training ranges. Battlefields and areas that U.S. troops occupy contain large quantities of UXO and other munitions contamination. This is both an environmental problem and a security problem. Reportedly, many of the improvised explosive devices being used against the U.S. military and other targets in Iraq have been fashioned from unexploded ordnance deposited across that country by U.S. forces.

The first level of munitions pollution prevention is simulation. Because many weapons, such as precision-guided missiles, are too expensive to consume in training, the military trains their crews with computerized simulation. This works in some instances, but military officers make a strong case that simulators cannot supply the multi-sensory, high pressure environment associated with live high explosives. For example, throwing a baseball would not prepare a soldier for the actual battlefield shock of a nearby grenade explosion.

The second level is practice weapons. These are bomb and shells with the same mass and shape as high explosive weapons, but which contain only spotting charges, not full-up high explosives. The Air Force relies heavily upon practice bombs, since it’s easier to measure accuracy with them, but even practice bombs sometimes pose environmental hazards. The spotting charges release toxic substances. Left to deteriorate on ranges, it is difficult for clearance crews to distinguish certain practice weapons from the real thing, so they end up exploding them as a safety precaution. At some locations, at least, the Air Force is working to diminish even these hazards, restricting weapons delivery to practice bombs only, painting them to clearly distinguish them from high explosives, and even removing spotting charges.

By policy, the armed services do not train with depleted uranium weapons or cluster weapons, which are bombs or shells that disperse a large number of smaller explosive items. By simple mathematics, the use of cluster weapons increases the number of UXO in an area by ten or one hundred per round fired or dropped, because there are many more individual explosive items. However, there have been instances where training units have accidentally violated these policies, and the military may still fire such weapons for testing purposes. For example, the massive presence of DU waste at the Jefferson Proving Ground is entirely the result of weapons testing.

Improved weapons design and production is the third level. More careful manufacturing can probably reduce the number of duds released on the battlefield and in training. However, despite the military incentive to produce malfunction-proof munitions, the historical evidence suggests that the even the best engineers and most advanced manufacturing techniques will still generate a small percentage of duds.

The military and its contractors appear to be making more progress in the reduction of toxic pollution from expended munitions. “Green” bullets, containing little or no lead, are already in widespread use, and the Pentagon is designing and testing weapons that kill with lower levels of other heavy metals, volatile organic compounds, and other carcinogens. The replacement of lead-free bullet cores with tungten-based materials may be slowed, however, as the toxic nature of tungsten becomes better understood.

Finally, the fourth level of pollution prevention is improved tracking. While this may simply mean the use of visual observation and radar during training, to pinpoint where ordnance lands, it may also include the attachment of electronic tags onto each piece of ordnance. Such computer chips, designed to survive impact but not detonation, would make it easier for cleanup crews both to locate and identify unexploded ordnance. Even if such systems were developed, however, it would take some time to build them into all ordnance used in either training or combat.

Building pollution prevention into designing, manufacturing, and using products designed to be destructive may seem like an inherent contradiction, but it’s a reality. It won’t eliminate the problem of munitions contamination, but it can reduce it substantially over time if applied broadly and consistently.

The Budget

By far, the biggest obstacle to a complete, timely national response to munitions contamination is the cost. The Defense Department officially estimates the cost-to-complete munitions response to be nearly $17 billion at former ranges, but it reports that addressing the explosive threat could range from $8 billion to $21 billion, and munitions constituents could be addressed for up to $14 billion. The even less defined objective of response at operational ranges—not generally required under current law—could reach a total of $165 billion for explosive and toxic hazards combined.

There are good reasons for the uncertainty. Not all former ranges have been identified and delineated. The requirements—how much cleanup is necessary—are unresolved. The technologies for both characterization and disposal are immature. 

Furthermore, the cost of cleanup will be determined as much by what the nation—as expressed through Congressional appropriations—is willing to spend, as by objective cleanup standards. On the one hand, the Army Corps says it may cost nearly $800 million to clear the Waikoloa Maneuvering Area, a little known site on the Big Island of Hawai'i. That’s more than Sen. Inouye (D-Hawai'i) has been able to set aside for the remediation and restoration of the larger, cause celebre of Kaho'olawe, an entire major island used for decades by the Navy for target practice. On the other hand, despite the fact the almost nothing has been done at the 50,000-acre Jefferson Proving Ground impact area to clean UXO or depleted uranium, a task that could run into the billions of dollars, the Army says its response is complete there.

Still, at the budget level proposed for fiscal year 2005, $142 million, it would take 118 years to address officially recognized munitions response liabilities.

Military Munitions Response Program Cost/Years to Complete

Facilities
FY04 to Complete
FY05 estimate
Years to complete

Active Installations

$4,313,293,000
$33,796,000
128

Base Realignment and Closure (BRAC)
$547,881,000
$32,922,000
17
Formerly Used Defense Sites (FUDS)
$11,984,506,000
$75,541,000
159

Total
$16,845,680,000
$142,259.000
118

Prioritization

Recognizing that it will take time to implement responses at the thousand sites officially requiring further investigation or cleanup of munitions, Congress directed the Defense Department to establish a prioritization system to help sequence the establishment and funding of projects. In August 2003, the Defense Department proposed the “Munitions Response Site Prioritization Protocol.” The Protocol uses a quantitative rating scheme to classify, into one of eight categories, all munitions response sites. This includes former ranges and other sites known or suspected to contain unexploded ordnance, discarded military munitions, chemical weapons materiel, or munitions constituents. It does not include operational ranges, but it appears to include munitions disposal sites located within the boundaries of operational ranges. The munitions response sites may be on active installations, Formerly Used Defense Sites (FUDS), or other closed facilities.

The proposed protocol analyzes the explosive hazards, accessibility, and receptors at each munitions response site to create a score that indicates the relative priority for that site. If chemical warfare materiel is present, a second score is calculated. Munitions constituents are evaluated using the Department’s qualitative Relative Risk Site Evaluation module. Based upon the highest priority concern—explosive, chemical warfare materiel, or munitions constituents—the site is assigned a priority level.

The Prioritization Protocol does not evaluate risk for the purpose of selecting a remedy. That is, it does not purport to establish a decision-making process for determining how to respond to known or suspected munitions contamination. Rather, it is designed to provide an initial basis for sequencing decisions, but drawing upon the consensus recommendations of the 1996 report of the Federal Facilities Environmental Restoration Dialogue Committee (FFERDC), the Department recognizes that other factors may influence the timing of response activities, including 

• Cultural and social factors.

• Economic factors

• The reasonably anticipated future land use

• Implementation and execution considerations 

• The availability of technology

• Implementing standing commitments 

• Tribal trust land requirements

• Ecological impacts

However, the Defense Department says that it will take time even to conduct the prioritization ranking. It proposed a milestone of May 31, 2007 for completing at least one evaluation module at each site not already evaluated under existing priority systems and a May 31, 2012 goal for completing all evaluation modules. 

Though supportive of the Protocol’s intent, state regulators have serious problems with the proposal. Through the Association of State and Territorial Solid Waste Management Officials, they have commented that the draft Protocol contains fatal flaws. In particular, they say that there is no apparently logic to the scoring system, and thus the Protocol will not adequately protect public health.

Early and Often, Locally and Nationally

The people who live, work, study, and recreate on or near munitions ranges and other munitions sites have a right to influence the way our government characterizes and remediates those properties. Furthermore, though it is often an uphill fight, our environmental laws and Defense Department policies provide the impacted public with opportunities to shape decisions. There are many environmental regulators, contractors, and even Defense officials who are willing  to listen to and attempt to accommodate public opinion.

As with industrial cleanup, the key to effective public participation is to get involved early, to participate on a continuing basis, and to remain involved indefinitely. If there’s a Restoration Advisory Board, one can join it. If not, residents can ask that one be formed. One doesn’t have to wait until there’s an official review period to comment on a response project. If the conceptual site model is incomplete or is based on faulty assumptions, community members are in position to say so. If members of the community know details about the site’s operational history that the response team is unaware of, they can pass those on. If it looks like the response plan will be too little, too late, or too limited, or if the military proposes to use an inferior technology, they can ask for more. If their most important suggestions are ignored, activists should be prepared to let the press know, to organize their neighbors, and to contact their elected officials. The knowledge and credibility they have gained by participating in a RAB or public meetings strengthens their position.

Still, key decisions that affect a community’s ability to insist upon a protective cleanup may be made far away, in the State Capitol, the Pentagon, or the Halls of Congress,. It’s therefore important to monitor such developments, examine how national or state policies would impact the local activities, and ally with others elsewhere who are also fighting for protective laws and policies.

While it is possible to get a sympathetic member of Congress to pressure the Defense Department to spend more at your site, or even to “earmark” an appropriation in law, the best way to enhance the national sense of urgency and speed cleanup is to get the Defense Department and Congress to multiply the munitions response budgets. As bombs are found in backyards, as beachcombers stumble across shells other than sea shells, as developers are stuck with more undevelopable land, there is a local outcry. Newspapers write headlines. Neighbors complain. And money is moved around. However, even before the costs of American military action in the Middle East were apparent, there was no clear commitment to address munitions response in a more timely fashion. Now, with budgets for domestic and environmental programs being cut to meet unexpected military costs, it will take concerted political action just to keep the existing funding for munitions response in place. It will take a lot more effort by impacted communities—or sadly, more civilian casualties within the United States—to establish a munitions response pace that will get the job done, safely and well, in our lifetimes.
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�The military has declared responses complete at 988 sites, but most of those have reached the response complete milestone directly from investigation. At those sites, the Defense Department has “determined that the site does not pose a risk to human health or the environment that requites a munitions response.” Note that in most cases a “site” refers to an entire former FUDS, but that active installations and base closures typically contain a number of environmental restoration and munitions response sites.


�The Defense Department has recently identified 850 MMRP sites, including only 3 where cleanup is under way, at active installations. These include closed ranges—that is, ranges not being used or considered available for future range use—as well as discard munitions sites such as burial areas. These sites do not include operational ranges.


� Alpha particlas are not as hazardous as beta or gamma particles, and they do not penetrate most surfaces. However, if inhaled, they are hazardous to the lungs.


� This only refers to closed ranges and disposal sites, not operational ranges. Thus, funding for the Camp Edwards cleanup is not included.





