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1. INTRODUCTION 

This paper highlights cleanup efforts under the Defense 
Environmental Restoration Program at sites contaminated or 
suspected to be contaminated with chemical warfare materiel. 
Chemical warfare materiel are munitions or containers holding 
blister agents, nerve agents, blood agents, and choking agents. 
Also of concern are soil and scrap contaminated with these 
agents, or soil contaminated with decontaminating solutions. 
This paper outlines the history of military use that led to 
contamination. 
including the detailed planning assessment and facilities 
necessary to support a cleanup. 

It also provides an outline of Response Actions 
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2. BACKGROUND 

2.1 LETHAL CHEMICAL AGENTS 

As defined by the U.S. Army letLlal chemical agents are those 
agents that primarily cause death among target personnel. They 
are limited to choking, nerve, and blood agents. 

2.1.1 Choking agents injure an unprotected person primarily in 
therespiratory tract. They attack the membranes of the nose, 
throat, and lungs causing swelling. The lungs fill with fluid 
and death result from lack of oxygen or "dryland drowning". The 
most common choking agknt is Phosgene or (CG). CG is a 
non-persistent colorless gas that although is of limited 
solubility in water, decomposes immediately in most field 
conditions. Used extensively in World War I, CG accounted for 
more than 80% of the chemical agent fatalities in that war. 

2.1.2 Nerve agents inhibit the enzyme acetylcholinesterase 
which is required for the function of many of the bodies nerves 
and muscles. The type of attack on the body is dependent on both 
the dosage and the route of exposure. However, nerve agent may 
cause the cessation of functioning of skeletal muscles (arms, 
fingers, etc.), involuntary muscles (heart, lungs), and the 
central nervous system. The principle nerve agents are of the 
G-agent and V-agent varieties. G-agents are fluorine or cyanide 
containing organophosphates. They are a colorless liquid and 
very non-persistent. G-agents, although a liquid are extremely 
volatile and have a vapor pressure so high that vapors are 
lethal. V-agents are sulfur containing organophosphorous 
compounds. They are a highly persistent, extremely toxic, oily 
liquid. 
primarily the same. 

Human effects of both V and G series nerve agents are 

2.1.3 Blood agents are cyanide containing compounds whose 
primary route of entry into the body is through inhalation. 
Blood agents prevent cell respiration and the normal transfer of 
oxygen from the blood to body tissues. The most common blood 
agents are hydrogen cyanide (AC) and cyanogen chloride (CK). 
Both are highly volatile and very non-persistent. 
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2.2 BLISTER AGENTS (VESICANTS) 

Although blister agents do cause fatalities, blister agents 
were also intended for use to restrict the use of terrain, to 
slow movements, and to hamper the use of materiel and 
installations. All blister agents are persistent and may be 
employed in the form qf colorless gases and liquids. 
any tissue that they contact. They affect the eyes, lungs and 
the skin. They may cause lethalities, primarily through 
inhalation, but skin damage is their main casualty producing 
effect. Blister agents, in addition to their designed effects 
are a long term health hazard because they are known carcinogens. 

They damage 

2.2.1 Mustards are the most common grouping of blister agents. 
Mustards are divided into two types, sulfur mustards (H and HD) 
and nitrogen mustards (HN-1, HN-2 and HN-3). During World War I 
mustard (H) was the only blister agent in major use. 

2.2.2 Arsenical vesicants are a group of related compounds in 
which arsenic is the central atom. The main arsenical vesicants 
are lewisite (L), mustard-lewisite mixture (HL), and 
phenyldichloroarsine (PD). Lewisite is the most common and the 
only one to be-addressed in this paper. It produces similar 
effects as mustard with the exception is that L produces 
immediate pain. 

3. HISTORICAL MEANS OF CONTAMINATION 

3.1 GENERAL. The United States is very different from other 
parts of the world as to the means by which chemical warfare 
materiel is contaminating the earth and posing a threat to man 
and the environment. Unlike Europe, Africa, and the Middle East, 
no battles were fought in the U . S .  using chemical agents. Even 
today, dud fired rounds are found in Europe still containing 
their chemical payloads. These munitions are left over from 
World War I battles. In other places, chemical rounds are found 
from the World War I1 era. Although not fired in battle they are 
the results of either battle damage or the intentional 
destruction techniques used either by the conquering army or by 
the defenders to prevent the capture of materiels that could be 
used by the enemy. The contamination in the U . S .  is the-direct 
result of the lack of knowledge of environmental effects and the 
vastness of the country lending to the philosophy that some areas 
could be contaminated forever and no one would be affected. The 
thought at the time seems to be that of taking immediate danger 
to the individual away, thus making burial a common solution to 
the immediate problem. No thought seems to have been given to 
the long term effects that these practices wrought. 
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3.2 Manufacturing and storage were two of the primary initial 
causes of contamination. In the manufacturing process, some of 
the techniques used contributed directly to contam.ination. For 
instance waste water settling ponds that were covered over or 
allowed to dry up, today contaminate both soil and ground water 
with high levels of arsenic used as the base in lewisite 
manufacturing. Dumping and burying of defective batches was a 
usual practice. The water and decontaminating solutions used to 
clean production lines went down drains and was not always 
collected. In the loading plant both leaking bulk containers and 
leaking munitions often had their contents dumped in pits dug 
into the earth, lime was then added and the pit covered. The 
same is true in storage operations. It would seem that many of 
the bulk containers and munitions in storage developed leaks 
because of the reactivity of the chemical agent to metal. Again 
dumping into a pit with lime was often the solution. Years after 
manufacturing ceased, the walls of building were found to be 
permeated with chemical agents, particularly blister agents. 

3 . 3  Disposal operations following World War I1 contributed the 
greatest actual amount of contamination. The disposal 
activities, while involving the greatest volume, were carried out 
in more controlled situations. They were done on military 
installation and were done by various methods, approved at the 
time as safe. Some were, as discussed above, simply opening the 
munition or container, dumping the agent into a pit and adding 
some type of decontaminating solution. Finally the pit was 
covered and a new pit was dug. 

3.3.1 In some cases, transfer operations took place such as 
transferring chemical agent from the munition to a bulk container 
like the one ton container. 
operations. 
such as the study of captured German nerve agent. Also agents 
were taken from either obsolete or inefficient munitions and 
later put in updated configurations. Finally, some chemical 
agents with industrial uses, such as phosgene, were sold to 
industry as a basis for fertilizer. The second was the recovery 
of the metal in the containers and munitions. 
the paramount issue. Studies of many of the old reports of 
disposal operations detail only sketchy accounts of the disposal 
of chemical munitions but go into great detail about the amount 
and sometimes the condition of the metal salvaged. 

decontaminated was simply burning. 
process or after the initial treatment of the chemical agent. 
This later was done by open burning. 

Two specific goals drove these 
The first was the further use of the chemical agent 

This appears to be 

3.3.2 The method to insure recovered metals were 
Either in the smelting 

Some agent filled 
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containers were also vented by various methods (mechanical 
puncture, explosive puncture, or by being shot with a bullet) and 
open burned. This procedure involved digging a trench, filling 
the bottom of the trench with flammable materials such as wood to 
a depth of several feet, placing the munition or container on the 
flammable material, pouring diesel fuel over the entire trench 
and igniting. In most cases this was the most effective and left 
the fewest traaes of contamination. 

3.3.3 Burial was also an accepted method of disposal. It is 
not sure whether in some cases this was a sanctioned method or 
the result of a long day with a desire to take short cuts. Both 
are probably the case. As human nature would tend to verify the 
later, old Field Manuals refer to burial as a method of temporary 
storage. With changes in missions and transfer of personnel, it 
is likely that these temporary storage points were often 
forgotten. 

3.4 Of all the contamination generating activities, the most 
frequently arising is in the area of movements. While many 
leaking munitions and containers were resealed or drained of 
their contents, which were placed in new and intact containers, 
many records and reports indicate this was not always the case. 
Many times the transport crews emptied the chemical warfare 
agents into pits dug along railroad tracks, dropped the agent 
container into the pit, threw in lime, and covered the hole over 
during a rail move. During port operations, bombs and containers 
were often taken out to sea and dumped. It may have been the 
intent to return at a future date and remediate or at least check 
the area, but records show this was done in only a small 
percentage of cases. 

3.4.1 At Enclosure 1 is a typical report of a rail movement 
incident involving leaking 55 gallon drums. It details the 
response from the "Guard and Security Division of the Chemical 
Warfare Center at Edgewood Arsenal, Maryland. This report 
typifies the kinds of incidents that occurred over an approximate 
twenty year time frame of chemical warfare agent movements from 
the early 1940s to the early 1960s. In this case, using this 
report as a starting point, the Kansas'City District of the Corps 
of Engineers has been able to locate this pit for future testing. 

3.4.2 Enclosure 2 is an example of an attempt to investigate a 
suspect burial pit during a base closure operation. This is the 
basis for the expanding chemical warfare agent portion of the 
Huntsville Division of the Corps of Engineers, Design Center and 
Mandatory Center of Expertise, Ordnance and Explosive Waste five 
year work plan. 
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3.4.3 Enclosure 3 are examples of excerpts from typical water 
transport operations. In some cases, sea dumping was the final 
destination. In other cases, land burial was done. As is 
indicated, some of these operation were not totally successful. 

3.5 One of the most complex and nagging problems today when 
dealing with chemical warfare materiel is the **War Gas 
Identification Set, Detonation, M1 and AN-MlAl,** the **War Gas 
Identification Set, Instructional, and the **M1 Set, Gas, Toxic, 
Ml and M 2 " .  There are three reasons for why these sets create so 
many problems. 

3.5.1 First there are many individuals in both civilian and 
military aspects of environmental remediation who are under the 
false belief that these are all diluted **sniffB1 sets used to 
familiarize the soldier in what different warfare agents smell 
like. There are indeed l*sniff** sets that were used for this 
purpose. However there were also sets containing not only **neat** 
mustard but also a set containing GB nerve agent. A l s o  some sets 
had Lewisite, a known carcinogen. 

3.5.2 The second reason these sets are such a problem is that 
they were not accounted for. Records indicate how many sets went 
to what installations. But no records can be found to show what 
happened to the sets after they arrived at that installation. 
Because of the amounts of isolated incidents reported over the 
years from a l l  parts of the country, it appears that a great many 
of these sets were not expended in training but were simply 
buried. 

3.5.3 The third major problem with these sets is that the 
basic component is a glass vial. Unlike steel rounds of 
ordnance, bulk containers, or drums. 'Glass vials are extremely 
difficult to locate in the ground. Obviously, magnetometers and 
metal detectors won't locate glass. Currently being looked at 
for-this purpose is Ground Penetrating Radar. However, this is 
not yet a proven method. It may be asked W h y  bother to look? 
Glass is not contaminating the earth and the agent isn't 
leaking." This is true until you realize that these sets are 
being unearthed either during other Hazardous and Toxic Waste 
investigation or they are discovered by individuals doing other 
intrusive work such as installing a fence. 
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4.0 RESPONSE BY THE ARMY TO RECENT INCIDENTS 

4.1 The Former Raritan Arsenal Site along with Former Ft. 
Segarra in the U.S. Virgin Islands are the politically sensitive 
issues that caused the U.S. Army to relook the methods of 
handling non-stockpile and abandoned chemical warfare materiels 
and to cause the Vice Chief of Staff of the Army on 1 June 1992 
to publish policy guidelines in the form of a memorandum to The 
Assistant Secretary of the Army For Installations, Logistics, and 
Environment (ASA,ILE), The Commander, U . S .  Army Materiel Command, 
and to The Chief of Engineers. This policy guidance (Enclosure 
4) Subject: Restoration of Formerly Used Defense Sites (FUDS) 
Contaminated with Suspect Chemical Weapons (CW) Materiel, clearly 
delineates not only the priorities which the Army Staff places on 
its FUDS remediation, but also individual agency responsibility. 
It also proscribes funding to be used and breaks down what funds 
will be expended and where. 

4.1.1 The established priorities for FUDS remediation as 
stated by The Vice Chief of Staff of the Army are Former Raritan 
Arsenal and Former Ft. Segarra. This is due primarily to the 
"High level public and governmental attentionv1. 

4.1.2 In setting down agency responsibility, the Vice Chief of 
Staff's Memo states, "The restorationsof Raritan Arsenal and Fort 
Segarra will be carried out under the ASA(1LE) policy guidance. 
USACE retains on-site management responsibility. Director Space 
and Special Weapons, DCSOPS will be focal point for integration 
of chemical surety, safety, and security policy as it applies to 
this unique operation.vt In addition the roles and missions of 
the U.S. Army Chemical Materiel Destruction Agency (USACMDA), 
Corps of Engineers, and Army Materiel Command are defined. 

4.1.3 Although when published, this memorandum was directed at 
off site movement and storage and not at other alternatives such 
as on site disposal, the funding requirements are either adequate 
or can be slightly shifted to be equitable. The memorandum 
states, IIFunding requirements directly attributable to planning, 
preparation, and execution of restoration and recovery operations 
will be resourced from Defense Environmental Restoration Program 
(DERP) funding. Technical Escort Unit support to USACMDA will be 
on a reimbursable basis. Storage costs will be executed from AMC 
normal operating accounts.Iv 

4.2 In the past the Technical Escort Unit (TEU) has been the 
sole source of response to chemical warfare materiels (CWM) found 
either on military installations or on Formerly Used Defense 
Sites (FUDS). Although the Army has a program in place, the 
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Chemical Accident or Incident Response and Assistance (CAIRA) 
Operations were designed for accidents or incidents involving 
stock pile weapons and containers. 
occur off installation, the gearing of the response is to 
transport of stock pile ordnance. 

the mission of TEU. If ordnance were found either on or off 
installation, the most common scenario was the closest Army 
Explosive Ordnance Disposal (EOD) unit was notified. After an 
inspection by the EOD team, if a CWM munition was suspected, the 
EOD team would either report the item directly to TEU or would 
follow the procedures in AR 50-6 which is to report the incident 
to the Army Operations Center who in turn makes notification 
through channels to TEU. 

Evep if these events were to 

4.2.1 Recovered or discovered ordnance containing CWM has been 

4 . 4 . 2  A reluctance on the part of EOD to notify TEU was soon 
formed because the same regulation that explained how to report a 
found munition also required whoever Eound it to secure it until 
relieved by proper authority. The TM? often took time to arrange 
aircraft, packaging materiel, protective clothing, and personnel 
transportation. Thus, the individual possessing the ordnance w a s  
duty bound to guard it, sometimes for several days. 

4.2.3 Upon arrival at the site, TEW would take non intrusive 
samples (vapor samples), decontaminate if necessary, package and 
transport to the closest compatible Chemical Surety Storage 4 

Facility. This trip was by military aircraft, aircraft and crew, 
plus TEU personnel were certified under the provisions of AR 
50-6. Under section 5.1, Legal Changes, this paper, the reasons 
for this process being no longer an option will be discussed. 
Here however, I will say that legal afid public opinions have 
changed in many places making this type of operation less than 
desirable. 

4.3 The U.S. Army Armament, Munitions, and Chemical Command 
(AMCCOM), which is a subordinate command to f.he Army Materiel 
command ( A M C ) ,  is the service manager for CWM. This agency along 
with the DESCOM who managers Army Depots, controls all 
installations that have a Chemical Surety Mission. 
capacity, AMCCOM was tasked by AR 50-6 to provide the closest 
surety location for found munitions. Again because of legal 
problems to be discussed later, AMCCOM had a get deal of 
difficulty in complying with this mission. 
AMCCOM unofficial policy tended to be; for truly accidental finds 
of CWM, TEU would transport to a Chemical Surety Facility. If 
however, a CWM removal action or remediation occurred that w a s  
planned to include risk assessment, health and safety plans and 
work plans, it could not be supported by AMCCOM. 

In this 

For whatever reason, 

The catch 
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phrase was, I'Just don't dig1@. This philosophy was later changed, 
not from with in the Army but through Congressional Pressure 
brought to bare over Fort Segarra and Raritan Arsenal. 

The first in many cases to feel this political pressure 
was the Huntsville Division of the Corps of Engineers (CEHND). 
As the fledgling Mandatory Center of Expertise and Design Center 
for Ordnance and Explosive Waste, of which CWM is a subset by 
definition, CEHND manages the Inventory Project Report (INPR) 
system. Under this system Formerly Used Defense Sites (FUDS) 
are identified by districts and recommended for remediation 
projects. 
was no method in place to deal with suspected CVJM contaminated 
sites. During the last two years, CEHND has gone to numerous 
Army agencies for a solution to this problem. Between political 
pressure and several other agencies assistance, several of the 
legal and technical hurdles were overcome. 

4 . 4  

It soon became obvious that there was a problem, there 

4.5 The most relevant and important event was the formation of 
the office of the Project Manager, Non-Stockpile Chemical 
Materiel Destruction. At this point in time this office answers 
directly to the Deputy Assistant Secretary of the Army for 
Installations, Logistics, and Environment. Eventually it will be 
a sister agency to the Chemical Demilitarization Program. 30th 
will be under the U.S. Army Chemical Materiel Destruction Agency 
(USACMDA). This agency was formed on 22 Jun 1992, earlier than 
originally planned. 
WSACMDAV1 will provide overall direction to include resource 
programming, environmental documentation for transport mode and 
storage qite selection, and the development of equipment and 
procedures. The USACMDA focus for the time being is on Former 
Raritan Arsenal and Former Ft. segarra as directed by the Vice 
Chief of Staff. USACMDA has started its mission with an 
extremely ambitious Scope of Work to its current contractor to 
look at programmatic issues as well as specific issues dealing 
with the two sites. Some issues being looked at but not all 
inclusive are transportation, permitting, destination, on site 
treatment and on site lab capability. 

As stated .in the Vice Chiefs memorandum, 

5 . 0  PLANNING AND ALTERNATIVES 

5.1 Legal changes have been constantly forth coming. Changes 
and even additions to the Army's view as to how to treat 
recovered chemical warfare materiels have occurred with ever 
increasing regularity. 

As of this date the Qffice of Army Counsel has formally 
stated that because it meets the characteristics of the Resources 
Conservation and Recovery Act (RCRA) Hazardous and Toxic Waste 

5.1.1. 
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definition and therefor will be treated under RCRA, Although 
this is the official position of the Army Counsel, it is widely 
disagreed with both in the Army and in the civilian sector. 

5.1.2 One of the chief reasons behind this position is 
typically one of self imposed abuse that stems partially from the 
trial of the "Aberdeen Three". These Department of Army 
employees have been used as an example to instill dread 
throughout the Environmental community. At the out set of the 
ongoing Raritan and Fort Segarra issues, one could not attend a 
meeting without this trial being brought up and someone fearfully 
predicting the doom of jail time. There are two points of view 
without the benefit of information about the "Aberdeen Three". 
One holds to the belief that these three innocent government 
employees, while doing their jobs as set forth in the job 
descriptions and as directed by proper military authorities, were 
abandoned to face the State of Maryland Regulators without any 
financial or other help from their employers. In other words, 
while doing what they were told, they took the fall or blame for 
the Army. Recently, it was stated that they had each paid over 
$80,000 out of their own pockets for their legal defense. 
Personal liability has been a constant fear ever since the 
verdict. The second view however, is much different. That 
opinion states that these three were, unknown to their employers, 
knowingly and intentionally dumping hazardous chemicals. They 
further attempted a cover-up and in fact, part of the rumors 
include misappropriation. The point here is not to rehash what 
actually happened but to show how the whole issue has become much 
more than it actually was. 

5.1.3 To further complicate the issue of RCRA, previous 
Commanders at Installations that have a Chemical Surety Mission, 
cut deals with state regulators so that the states had a definite 
impact on the operation and the mission of that installation. At 
no other time in the history of the United States and in no other 
issue have states been given primacy over military missions and 
issues. But by capitulating to state regulators by getting 
Hazardous Waste Storage Permits these former installation 
commanders have set the precedence that the Army Counsel is 
following. 
RCRA. There are three basic problems associated with that 
position. 

52.3.1 
of HTW and are not specifically addressed by the Army Counsel as 
HTW. The batteries in a lap top computer have the 
characteristics of HTW. 

That is that CWM is HTW and therefor controlled by 

The first i s  that many things have the characteristics 
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5.1.3.2 RCRA, as defined by GAO is used to regulate and 
control current Hazardous Waste Generators. It is not used for 
the remediation of sites that have been abandoned. The exception 
to this is when an installation is characterizing ntallnn Solid 
Waste Management Units in conjunction with its application or 
renewal of its RCRA Part B permit. 

5.1.3.3 Finally, RCRA is enforcable by the Environmental 
Protection Agency and may be delegated to state agencies. 
However, the removal response authority for Ordnance and 
Explosive Waste (OEW), of which CWM is a subgroup, lies with the 
Department of Defense. In turn, this has been further delegated 
though the Department of the Army and the Chief of Engineers to 
the Commander of the Huntsville Division of the Corps of 
Engineers. As the removal authority, and operating under the 
National Contingency Plan, the Corps of Engineers has operated 
effectively in environmental remediation of OEW operating under 
the CompSehensive Environmental Response, Compensation, and 
Liability Act or CERCLA. Although all RCRA requirements are met, 
no permits, State, Local, or Federal are required. This becomes 
the major issue currently affecting the CWM clean-up program. 
The differences of who is the regulatory authority is only one 
reason that this issue is a major problem. In the next few 
paragraphs, some of the stumbling blocks will be reviewed. 

5.1.4 While digging a trench for a pipeline at Redstone 
Arsenal, Al., a contractor unearthed approximately eighteen 4.2 
inch mortar rounds and one two pound incendiary bomblet. These 
were investigated by a team from the Explosive Ordnance Disposal 
(EOD) Division of the Ordnance Missile and Munitions Center and 
School (a tenant organization at Redstone Arsenal). The EOD team 
was able to determine that the rounds were unfuzed and that some 
contained a liquid filler. As Redstone Arsenal is the site of 
one of the largest CWM manufacturing, storage and test facilities 
during World War 11, the rounds were immediately suspect of 
containing CWM. The rounds were placed in double plastic bags. 
Vapor samples were coalected from inside the bags after a wait 
time for vapors to collect, and the 4.2 inch mortar rounds were 
evacuated to storage bunker belonging to the EOD Division. The 
installation environmental office was notified and the two pound 
incendiary bomblet destroyed at the EOD training range. By the 
time this entire incident was finished (two years later) because 
the environmental office listed all recovered items as HTW no 
Surety Installation would accept them (Surety Installation RCRA 
permits did not cover HTW). The EOD Division was chastised for 
unauthorized disposal of Hazardous Waste (their range was a 
training range). Redstone violated RCRA by storing hazardous 
waste without a permit. Once an exception was granted and the 
rounds were taken to Anniston Depot, they had to be stored by 
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themselves because the compatibility could not be determined, 
i.e, they could not be sampled without opening their contents to 
the atmosphere, which is prohibited. Thus we, the Army, however 
well intentioned have created an administrative gridlock. We 
have called CWM HTW, then we have tried to apply the standard 
such as the use of deadly force and security criteria to these 
rounds as directed by AR 50-6 and AR 190-59. The bottom line 
here is, because we have painted ourselves into a corner, we can 
not remediate CWM found either on Formerly Used Defense Sites or 
on active installation without violating a law or a regulation. 

5.1.5 USACMDA's first real roles will be to unlock this 
gridlocki 
USACMDA is attempting to determine what can be accomplished. The 
technical skills and abilities are available to find, recover, 
package, and transport or neutralize on site CWM. But, until the 
legal issues are resolved, the regulatory authority established, 
and a place licensed to receive this materiel, remediation cannot 
begin. The question remains what do you do with a CWM round if 
you find it, and not violate laws and regulations. 

5.1.6 Further, while this legal issue is on the table, the 
outcome has little to do with the terms of the chemical weapons 
treaty now in negotiations. In fact it is thought that recovered 
rounds containing CWM will be counted in the treaty because they 
may be fully functional weapons. T h i s  in itself may 
significantly affect the legal views, some of which have refused 
to acknowledge the fact that these are lethal weapons intended to 
kill. It matters very little that the intent of the person 
burying a round was to dispose of it, which has been stated as a 
test €or RCRA and HTW. It may still be a fully functional 
weapon. 

Whether CERCLA and the NCP or RCRA or both apply, 

5.2 The storage and transport issue aside, other facilities 
are needed for a successful remediation. 
discuss the current thoughts on remediation techniques that will 
be employed. 

The next few paragraphs 

5.2.1 Before intrusive excavation is to begin and after the 
site is prepared for intrusive work by surveying, geo technical 
mapping, soil and water sampling, the question of unexpectedly 
finding an intact weapon must be address. Even if samples show 
no trace of CWM or break down by products, the possibility of 
finding an intact round is always present. These suspect sites 
were not chosen at random. Extensive archive searches and all 
available information has been gathered in an attempt to insure 
that some past event points to CWM and that every effort is made 
to identify and locate these items with records. 
seen, transporting to an existing facility may not be possible. 

As already 
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The proposed solution is to used milvan type containers designed 
to store hospital waste. These refrigerated containers could be 
secured and guarded on or near the remediation site. After 
recovery, surface decontamination and preliminary packaging, the 
rounds would be placed in these vans. Not only are they ideal 
for control. They afford an environment that enhances storage. 
If the munition contains mustard (HD) the refrigerator would 
successfully freeze it (HD freezes to solid form around 58 
degrees F.). For other agents, the cooling would deter expansion 
of the agent due to heat and be less likely to leak. The round 
in the refrigerated milvan would then be guarded, not only to the 
extent required by regulation, but to insure public trust and 
confidence. 

5.2.2 During the actual intrusive work, a prefabricated, 
portable building will be erected over the remediation site. 
This type building is big enough to allow use of a backhoe and 
several workers and would contain vapors that may be released 
during excavation. Air monitoring and filtration would warn of 
elevated levels of air contamination and insure no release to the 
out side. Air monitoring would be done outside the building as a 
precaution. This facility is intended to contain any vapors and 
to instill confidence in area residents who have an unrealistic 
idea of the effects of CWM. 

5.3 Although the Army has worked with CWM for years, all 
operations have been on fixed installations. All FUDS operation 
don't have that luxury. Therefore, certain items of equipment 
must be developed. For instance, at present, when samples are 
taken (soil and water) they are escorted to a surety laboratory 
by TEU personnel. When analysis has been completed, weeks may 
have lapsed. When contractors mobilize and are on site, these 
kinds of delays account for very large amounts of wasted money. 
On site labs must be available for fast turn around of analytical 
data. Another area of equipment need is for real time air 
monitoring. The Army has real-time air monitoring equipment with 
the ACAMS and MiniCAMS. Two disadvantages are seen here. These 
systems require spike samples to use for real time comparison. 
Sample spikes must be escorted to the site by TEU personnel. 
Also, this equipment is capable of single agent monitoring so 
several sets must be on each Site at all times unless the agent 
is positively known. Finally, there is no real time monitor 
capable of monitoring for Lewisite which is arsenical based. 
There are other equipment issues that have to be addressed as 
well. 

5.3.1 Another issue is whether OSHA standards are acceptable 
to the Army for working with these CWM agents. This is important 
for the contractor who is working on site in OSHA approved Level 
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A Personal Protective Equipment and is not in compliance with 
Army Standards. 
have identical standards when dealing with CWM. In addition, if 
the Army standard is the M3 butyl rubber suit, with temperatures 
ranging from 80 to 100 degrees F. year round at Former Fort 
Segarra, the stay time would be almost work prohibitive. In 
order to effectively remediate a site, workers should be able to 
labor for two to four hours. In that heat, this could only be 
accomplished with cooling suits which have not been very 
effective with the M3 suit. 

It would seem necessary for the Army and OSHA to 

6.1 The immediate foreseeable future at Former Raritan Arsenal 
starts with a surface sweep to begin on or about 1 Sep 1992. 
This will be done by contractor and will be enhanced by the use 
of sagnetometers to insure that the search crews are able to 
avoid stepping on any surface O m .  The area has been previously 
search and some geo physical work done. 
evidence of OEW on the surface in the past. However, there is 
debris, of which some is believed to be connected to CWM 
activities. This is in the form of containers not likely to be 
contaminated by agent. These containers will however be treated 
as 3X, meaning surface decontaminated. All debris will be 
segregated into two types, 3X and non 3X. These will at a later 
date either be taken to a Surety Facility or an HTW facility 
depending on the results of soil and water sampling and swipe 
samples. 

There has been no 

6.1.1 During the surface sweep phase, surveying will take 
place to identify the exact original boundary of the area. In 
addition, foliage and surface soil samples will be taken and sent 
to a Surety Laboratory for analysis. Determination has not yet 
been made as to whether bore samples need to be taken of the 
larger trees in the area. 

6.1.2 This is the first portion of site characterization. The 
surface clearance is to be done with the intent to make the area 
safe for brush clearance. The next phase planned for November 
1992 is to clear all vegetation six inches or less in diameter, 
off the site to facilitate geo-physical work. 
consist of magnetometer, metal detector, and ground penetrating 
radar mapping to determine the exact location, dimension and 
depth of burial trenches. Further soil sampling to a depth of up 
to ten feet will be done along with shallow ground water 
monitoring wells. Another test will be to probe near the buried 
anomalies and collect and analyze gas samples. Finally, the 
vapor barrier will be constructed and a test trench dug to 
determine exactly what is in the ground by retrieving a sample. 

This work will 
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6.1.3 In conjunction with the above, with investigation 
results constantly feeding into it, a Remedial Investigation and 
Feasibility Study (RIFS) there will be conducted. As the results 
become more clear, decisions will be made that will point to the 
recommend course of action to take. This may be any number of 
possibilities or combination there of. For instance, if no 
contamination is found and buried anomalies are not OEW/CWM, then 
the decision may be to do nothing. If samples show that other 
types of contamination are present that are not related to 
OEW/CWM, then the area will be remediated for HTW. The decision 
may be to treat on site or to transport to a Surety Facility. 
Whatever the recommendation, the results will all be forwarded to 
the level of the Secretary of the Army for a final determination 
and a Record Of Decision (ROD). 

6.2 At the same time that the RI/FS is going on USACMDA will 
be conducting Environmental and Feasibility studies for a 
programmatic approach to the final disposition of recovered CWM. 
This will include many options such as transportation or on site 
neutralization. Some of the data from Raritan will be used in 
this study. 

6.3 Former Fort Segarra follows closely behind Raritan in the 
time table. However, there are separate issues that have to be 
addressed at Fort Segarra. Part of these issues include 
ownership and .responsibility for hurricane debris removal. 
Assuming these issues can be overcome fairly quickly, Fort 
Segarra follows each step completed at Raritan by three to six 
months. 
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7.9 CONCLU SIONS 

7.1 The most important element in this entire effort is the 
continued close coordination between USACMDA and the Corps of 
Engineers. As long as both agencies are aggressively pursuing 
the same goal of successful remediation of sites contaminated 
with CWM, the process will run smoothly. There is currently an 
estimate of over 200 sites in the United States and its 
territories that may be contaminated with CWM. They range in 
size and complexity from a several thousand acre arsenal to a 
eight feet in diameter and six feet deep hole in the ground on 
the Kansas plains. It is obvious that this is a 
multi-year/multi-billion dollar program. 
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SuBJExJ118 Report of Iavestigatiozt of the Chemical Agent Burial Area at 
Barit= Armnsl, btuchtn, h v  Jersey 

A. MISSION 

To Investigate the Chemical hgent Mal Area (Area 5 on thu 
Arsenal map) at Risritan Arsenal, Hetuchen, New Jersey ( W i t a n )  
to  determFne if residual  contmulnatioa e d s t s  Fn the soil. 

8. REQDIST FOR 1"ESTXQATION 

Technical Escort U n i t  strvkes were requeeted lay Lt. Col. H.[f. 
Shade, IScscutlve Officer, V.S. Army Cheraical Corps b t t r i e l  
Camand, Amy Chemical Ceater, MarThad, on 26 June 1961, 

C. COHPOSITIO!4 OF DIVESTIOATION TEAW 

The hvestlgation Team consisted oft 

Eumb Q. N e a l  mgt RA3442so44 Hemkr  
hmes L.E. €IUl lat Lt 077860 . OfC 

Iz. 

A. BACKGROmID 

C i v i l i a n  workers at W i t a n  who had worked fn or around 
subject. area during the time of the burid. operations 
revealed the follk%Lng Infomation won being questioned 
by the Investigation Team; 
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QSHCITIWP (I)rojeaf Report 1 b 6 l )  
-suBJzI=Ta Report 02 h n s t i g a t l o n  of tha chemical Agent hrhl h a  8t 

k i t a n  Arsenal, btuchen, How Jersoy 

Eblloving tho reconabsauce, arrangentnts were made vith 
the Post Rlgheers t o  procure neceesrry e q u i p m t  for 
lnvostigation of tho burial  area. 

The m o p  la question %a a triangularly shaped section of 
'level t e r r a b  uh~ch comru appro~dmatoly 450,~ squam feat, 
It is aver-= w i t h  vegetrtloa ranging in hei*t f rom tub 
t o  six feet. 
pieces of gravel krtersport5cd throughout. H h o S 6 8  ?fix& 
a ~ d - o w 3 h a t f o w F 3 t S & - = e &  6atabIlHed tbu-Sater . takZ4: 
& Z i m  fe& 
70 yarb 58 bordered by blank, metal sign p a t s  &Ire8  
irrta the ground, 

A t  0 8 9  hours, 29 June 1961, the Investigation Team began 
i t s  iavestigation in the -a. 
txeavaSon u a ~  attempted in portions of tho area situated out- 
d d e  of the smaller area bordered - d g n  posts. 
operatiom f i l e d  t o  uncover any evidence of coataminatlon 
or  old burial  pits. 
Sunelllance Inspc to r  vho had vorked kr the area dxriag 
the bur ia l  oqer t ioas ,  appeared oa tho scene and pointed 
out Specifi8 pdints wit- the Siw post bordamd area 
d o r e  burial p i t8  had been dug. 
.imately 25 f o o t  square, uere selected for e x c r ~ t l o a  after 
probing had indicated m u d  objects were present beneath 
the surface of tho ground. 
back hoe attachment, the ffve seleoted'arsrs were excarated 
t o  a depth of three feet. 
znc! a shovel were ut l l t zzd  in o r 6 t r  thnt  the bull-dozer 
would not become grossly contaminated in the event tho 
chemical agent v w  6t4U ectimtly present in the bottom 
of the p i t ,  
each of the p i t8  uncovered traces of a w h i t s  substance 
which appeared t o  be bleach or Use .  
odor of muskird could be detected i n  each excavated p i t  
and downwind approldmately ten yards from the area in 
question. 

2. 

Soil within the area is sanw vith e m a l l  

A portion of the area approlbmatclj. 50 by 

3. 
k i t i a l l y ,  probing and 

meso 

A t  this point, W. Alvkr -Bong 

=YO areas, en& appro%- 

Ehp1o-e a bulldozer vith a 

A t  thfs point, a pout hole digger 

Ebrther excavation t o  a depth of forn. feet  In 

Also, the dis t inctfrs  

3 
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Keyport Naval Torpedo s t a w  - washington 
fns Alamitc#r Naval Air staticxl - California 

--Blue Grass Depot k t i v i t y  

Canp Z;eje!une - North Carolina 

Lualualei N a v a l  Magazine - Hawaii 
I 

Amy Air Base - Tanpa, Florida 

--T- 'tion Plant - oklahcma 

Naval. Magazine - Guam 
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D. DISCUSSIW 

A8 a r e d t  of the find3ag0 l l s t o d  is paragraph C abom, the 
fo l lov iq  conclusions my k drawat 

Vesfi(c.s of the mustard b-ed during tho period 1943-1945 
still exlrvt in the a o i l  in aa retit* condition at a depth 
of four aad one-half feet. Although s o i l  rramploci taken at 
one foot did not S e l d  Q podtfvo t a s t  w i t h  tho C h d c p l  
-at htcctor at9 th%a does not constit_nto~r clearurce 
f o r  ro i l  at this depth. A c h d c r l  and;r&'of a i m  m i l  
would hrve t o  be ma& before #ia Zact could k establishad. 

The diatinct phss lb f l i t j  r l s o  .Idate that, aa a zutmlt of 
the ag.nt buried at depths at and below the present uatsr 
table, traces of the agent may have ptiwated throughout 
and even beyond the botlpdariea of the b u r h l  area. 

-* 

The problem of centnninntion resulting from the burial of 
potari;siun cyanids cannot be accurately evaluated since ao 
traces of t h b  conpouad were knowin& uncovered and DO 
infcrmation w u  av&bla oa the eract place or depth of 
burial, type of contahar8, o r : t o t d  amount buri8d. 

The p-brbilitr O f  C O X L t h t i O X  r88f i thg' fkm the 
o f  red fuming nitric ac id  b considered very m u l l . .  
reason8 exists for this belief .  he, discuserio~ vifh 
pcrsoPnelrssiE5ngd to the Explosive Ordnance Disposal Squad 
uho participated in the acid disposal etronsy fndiccrtes 
that zdequrte ~rocedurs6 were ut i i i ced  which should have 
insurod the complete neutralization of the acid. 
even ff  sollo 02 the acid had not been neutralized rt the 

in the soil dvr- the passage of tlme'nould have rendered 
i t  relat ively hecmles0. 

Tuo 

Secondly, 

t b O  O f  d b p O d 9  repoatad d i l U t l O n  With -turd U a t 8 r  

5 
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1, -&aceduma ham b o a  deval0p.d vhereby trained and properly 
equipped pdrsoanel of the Techdeal b o r t  U n i t  t u x  de oa- 

of the burial pits, the urter vhich w u l d  be eacountorrd 
ppop excmatfoa m d  tho extoadra overgrowth of vmgatatioa, 
tbo operatian- would involve c o d d e r a b l e  expense m d  tho 
oxpaadiftae of much timo and ofiort, 

t r r i t o  area8 of this L L ~ ~ U F . .  Houetrr, due t o  the de h 

8JJAKZS L.E. BIIJI 
Ist Lt cmlc 
hmstigating Officer 
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-Army- 'tirrm A c t i v i t y  - Indiana 

-1 - Air Field - Kentucky 
~ 

C h r l e s t a n  Naval  Weapons Station - Sxth Carolina 
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Keyport Naval Torpedo s t a w  - washington 
fns Alamitc#r Naval Air staticxl - California 

--Blue Grass Depot k t i v i t y  

Canp Z;eje!une - North Carolina 

Lualualei N a v a l  Magazine - Hawaii 
I 

Amy Air Base - Tanpa, Florida 

--T- 'tion Plant - oklahcma 

Naval. Magazine - Guam 
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miden t  S m i z a t i o n  sheets 

1. Date: Jul/&q 47, Ref: 1947, page 1) One 4.2 inch pho-e~~ (a) 
filled mrtar cartridge was discovered leaking while unl- on the dock. 
The itan was destroyed by imnersing it in a decontaminating chenical solution 
until al.l the phosgene had been chemically reacted. 
for explosive demlition. There were IY) injuries. 

2. (Date:  Mar 48, Ref: 1948 1) Minor valve leaks were discovered 
during the mrvarrent on tm - ZZLners of T[B16tard (HI. The leaks were 
SealEd and deccmaminated. There were no injuries. 

Then the item was raaDved 

3. [Date: Feb 48, Ref: 1948, page 1) A switchirsg accident a t  Pine Bluff 
Arsenal resulted i n  two railcars filled w i t h  ton containers derailing and 
overturnbq. No Leakers occurred and there were IY) injuries. 

4. (Date: Jul 47/Jan 48, Ref: 1947, paq el) Oneminorroadaccident. No 
injuries and 110 leakers. - 

5. (Date: Aug/Sep 49, Ref: 1949, pag e 3 )  Truck30fthe~0nvoywas 
involved in  a slawsped collision with a civilian autclllabile near Jefferson 
City, Misscuri. No leaks, spil ls  or injuries were involved. 

in a serious (20 nph) accident,with a civilian truck when tkae police escort in 
S t .  Josepbs Ci ty ,  Missouri failed to block off an intersection . Therewereno 
spil ls  or leaks. 
neck and back, bruised knee, bruised side, etc.). 

fact that one 75mn projectile had rolled out of its pallet mt unnoticed. 
projectile was faund later in the day still in  the truck a t  the Ringsby 
Transportatim Ccmpany Garage, Denver, Colorado. The projectile was reported 
to the Army and renrnred to Rocky bbuntajn Arsenal without further incident. 

6. (Date: Nov 49, &f: 1949,  age 4) Truck 9 of the comtay was 'involved 

Brsonnel cm the truck were injuZea by the collision (injured 

7. (Date: O c t  49, Ref: 1949, page 4) During unloading of the trucks, the 
The 

8. (Date: O c t  49, Ref: 1949, page 3) The air brakes on truck 8 of the 
convoy failed causing i.t to rear- truck 7 near Bennett, Colorado. A vehicle 
fire started as the  collision was serious, but was quickly extinguished by the 
escort wsonnel. There w a s  no leak or spill, but there mre sums collision 
oriented injuries. 

9 (A) (Date: Nov/Dec 48, Ref: 1948, Page 2) Dllriqplacement of the ton 
containers in the hold of the vessel prior to sea durnp, a valve was 
acciaentally sheared off. A vapor leak occurred kt was sealed and 
decmtaminated. There were no injuries. 

9 (B) . (Date: Nw/Dec 48, Ref: 1948, page 2) During the sea dcnnp, the 
scuttling crew reported donning masks due to vapor i n  the hold of the vessel. 
It is probable tha t  a ton container leaked during memnt to the d u q  site. 
"here were no injuries. 
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10, (Date: Jun 50, Fef: 1950, page 2) Truck 303 of the com~oy was 
i.rlvolvria in a w m  * i n R e d B i d  , Wycmirrg cn 8 June 1950. No further 
details rega&iiq this acciaent exist in the hismrl 'cal files. 

15. (Mte: May/Jun 46, M: 1946, page 5) "BoldNmhr2hada 
cansiderable conazntratim of CG fram leakula a hnbs.' llhe hold was ventilated 
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18. (Date: Jul 46, Ref: 1946, paw 8) Tlae f m  "Leaking Nazi War Gas 
Train." Soon afker h v h g  Theodore NavaJ. Magazine (12 July 1946) leaking 
Geman H banbs -re discovered in one railcar. This car was detached f r a n  the 
train at Panola, Alabama, the leaks sealed and the car was returned to TNM for 
inspectian and later shipnmt. 

( 13 
and 

At Zumry, Mississippi, a second car was discovered to be leaking seriously 
July 1946). 
was left under guard. In spite of this, several. railroad employees of the 

wry yard ventured too cloee to the car and r@ceived Mpor burns. A m i l i t a q  

Lgaker, decoritanhated the area and destrwyed the nunition. The railcar then 
was forwarded to Pine B l u f f  Arsenal without f m t h e r s  incident on 21 July 1946. 

It was  deUtckd and mved to a siding in Bigbee, Mississippi 

team frun Edgewmd Arsenal arrived and by 17 July 1946, had isolated the 

MeafiwtLile, thg: train w i t h  t k  remihhg 8 cars had continued c ~ z l  tcnvard Pine 
Bluff Arsenal. Arrivizrg at the yard h Marq?his, Tamessee (late on 13 July 
19461, it was discovered that 3 mre cars had l&5 on board, and +&at one 
was very serious. The train had, in fact, contaminated 10 miles of track 
leading to the yard. Another special escort team €ran Edgewood Arsenal was 
sent to &mhis. The tracks were decantaninat&, the leakina railcars were 

deitroyea. 
1946. 

Tkse3rai l -cars-  eventually rea& Pine Bluff Arsenal on 50 July 

During the and &ksqhis aperations, at least 21 civilian railyard 
workers received vapr lmrns fran mclstard and 2 were hospitalized. At least 
twenty-five military personnel received both vapor and liquid burns and at 
least 4 w e r e  hospitalized. The final mdical. rep* cm these incidents lists 
60 total gas exposuses - 28 & Amry and 32 at Mmphis. The injuries were 
mainly due to the high - temperatures, poor availability of proper 
protective clothing and a la& of underearding arid coopera'tian by local 
military authorities. TMS incident resulted in the virtual rewriting of 
&mi& IIlOvement pmcedmzs used a t  that time. 

19A. (Date: ~ Y < u I .  46, Ref: 19461 Page 5) This ship, the S.S. Francis 
Iee, like 0-s captured German stocks, was found to contain leakerst 
hmever, this ship coitained- far more leakers than any of the others. These 
were segregated on the pier after df=con tamina~  and viere place3 on a barge 
for disposal (see Incidgnt 17) .  Durincj tt.le * of the vessel 375 people 
viere injureii by expsiure to Irplstard, and at =people w e r e  hospitalized, 
makin5J this the tJprst c h e m i a l  incident the Eumy has ever incurred during 
transportation (excluding &t action during World War 11). Alb of the 
injured were military personruss"., ~ r :  civilian contract personnel to the Anny, 
principally stevedores: 

19B. (Date: Jul-A~g 46, Ref: 1946, paqe 9) Upon opening the last hold of 
the F'rancis Iee, the situation w a s  determined to be beyad handling w i t h  the 
resausces at m. consequently, the hold was sealed and the ship was mved to 
Edgewod, Maryland. 
destroyed than and cmpletely decontmninated the ship. 
Ininor vapor burns during th is  -ration, and .sans personnel w e r e  briefly 
hospitalized. 
prior to being placed in long-term storage. During the xwth-balling prccess, 
three civilians were injured am3 hospitalized due to contamination which had 

Here, technical teams off-loaded the last 300 banbs, 
Tfiere were 52 cases of 

The ship was subsequently mved to Baltimore for "mth balling" 
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22. (Date: Jlun/Jul 46, R e f :  1946, page 8) A leak i r rgraS lcarwas  
~ u p o n e n t e r u #  theGeQruiaREoilroad Yard at the corner of Delta and 

27. (Date: Mar 46, Ref: 1946, paw 2) T r m o r m s t p r r d ~ F a r e f a a d t o b e  
-we-. ale =-P- mabargeazxidurpedatsea. There 
were no injuries, 
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29. (Date: Jtm 46, mf: 1946, page 7) A railcar was discovered leaking 

1946. 

further incident. During the decontamination operations at Manchgster, 
approximately 6 civilian enployees of 
Approximately 14 me&ers of the military escort teams also received Mpor 
burns, and 7 men were hospitalized for approximately 2 weeks. 

lwstardnear- , ceorgia. Militirry escort teams kw3z sent f r a n  

The railcar was then forwarded to Gulf Qlanical warfare Depot (GCWD) without 

Arsenal, Maryland, to decxmtzuninate the spill and arrived on 25 June 
The teams located a leaking on 26 June 1946 and decontaminated it. 

received nustard vapor burns. 

30. (Date: May 68, Bef:  1968, page 2) mriIqthelXmem2ntofthistrain 
~ANADtoEarle,.NewJersw, thetrainwas- * to be r e m s i t i d  while 
;in the Potanac River €whoad- Yard, Alexandria, rkrginia. Duri;lg this tim Ism 
carloads of rackets were uncoupled f r a n  the train, and upcol departure, =re 
- t l y  left in the yard. when this was discovered, a mil i tary team w a s  
sent to &ecure then, and they kere sub-y Imved to the sea dunp area 
without incident. The rockets in the carloads were q l e t e l y  encased in  
concrete for the sea drmp, and at rm tinrs leaked or caused injuries. 

31. (Date: Mar 58, Ref:  1958, paq e ' l )  Leakers develop& during the m e  
as follows: 7 discovered in Elko, Newtda, 23 discmered in Porbla, 
California, 34,discavered in Sacrammto, California, ard 59 discovered upon 
arrival h concord. This resulted in 7 of the 15 gondola cars being 
contaminated. IDadwasckmrmuM * ted enroute and on arrival. No injuries. 

32. (Date: Mar/- 58, Bf: 1958, page 1) Ieakersdevelopedduringthe 
1~3ve as follows: 
leaks were qparent by the tim the t ra in  anived in Sacranvtnto, California. 
During O f f - W d k g  in cancord, about 150 lealcer~ 
gondolas. pranpt decontaminatian and temperatures dipping into the 30's at 
night prevented a vjor spill. 
decontaminated. There viere no injuries. 

several rainor leaks discovered in portoh, California, rnajor 

fatrnd b 22 of 30 

Spills were confined to the gondolas and w e r e  

33. (Date: Apr 58, Rgf: 1958, paqe 1) Lealcers devekpd during the m e .  
During off-loading, leakers faund ~ZI 29 of 30 cars. P- 
deccmtaminatian prevented a major spill and .spills w e r e  confined to the 
gondolas. bakers were segregated and rapiay overpacked in propellant charge 
cans during the off-loading at conmrd, and a l l  rail cars were decontaminated. 
There =re IY) injuries. 

34. (Date:  Sep 65, Ref: 1965 page 49 TheVXspraytankkehqretuxned 

leaked a snall rmount of VX. The milifziry eScOrt temn used a pow%& and 
tilminant to clean the spill, and the chenical reaction caused a 

'shed and 
spray - 
small an-board fire on the aircraft. The fire was quickly ex t ingu  
there were TY) injuries. 

was almst, but not quite, atv?t;. m.xmKg th= lmuemnt, the spray tank nozzle 

35. (Date: May 65, Ref: 1965, page 3) During Operation YBF as the USNS 
McGraw was m i n g  out of San Francisco m r ,  another ship turnsd across its 
kcw resulting in a near collision. The ships cleared each other by 
approximately 600 feet. 
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Wte: May 46, Wf: 1946, paqe 6) Z k m e - - m e W s  
disposed of by t.akirug t k n  offshore and damping #em in deep water. lhere 
no injuries. 
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