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U.S. Chemical Weapons and Related Materiel Reference Guide

1 Introduction

This document expands, updates, and corrects information in the 2018 Old Chemical Weapons and
Related Materiel Reference Guide. This guide is focused on U.S. munitions and certain materials of
interest that in one or more configurations may contain compounds listed in the schedule of chemicals in
the Chemical Weapons Convention (CWC), which are considered chemical warfare material (CWM) by
the Recovered Chemical Warfare Material (RCWM) Program. A limited number of other items are
included as they appeared in the 1998 guide. Foreign munitions addressed in the 1998 guide are not
included in this update (SciTech Services Inc., 1998). This guide is a compilation of technical information
to aid unexploded ordnance (UXO) qualified personnel in the identification of chemical munitions and
related materiel. Because many munitions with differing fills and fuzing may appear similar, and
environmental exposure can obscure critical characteristics necessary for positive identification, only
individuals with extensive training in munitions identification and functioning should approach, disturb,
or handle suspect munitions or certain materials of interest. All others should follow the 3Rs of explosives
safety (Recognize, Retreat, Report). The information is also useful to project managers for planning field
operations and ultimate disposition of items. The information provided here is not inclusive of all possible
agent fills, physical characteristics, or explosive train configurations. A few experimental munitions are
included in this guide; however, not every configuration has been captured here. This document is based
on the best information available at the time of publication.

The information used to compile this guide includes historical documents describing ammunition
development and manufacture, technical manuals, munitions specifications, and other related sources.
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2 Technical Information - Chemical Agents

A chemical agent, through its chemical properties, produces lethal or other damaging effects on humans.
The Department of Defense (DOD) defines chemical agents as a substance that is intended for use in
military operations to Kill, seriously injure, or incapacitate, through physiological effects (Defense
Technical Information Center, 2016 p. 30). Chemical agents have effects that can be immediate or
delayed, can be persistent or nonpersistent, and can have significant physiological effects (U.S. Army,
Marine Corps, Navy, and Air Force, 2005 pp. I-1). The chemicals in this guide may be described as
chemical agents, chemical warfare agents, or military chemical compounds; however, only those
compounds listed in the schedule of chemicals in the CWC (OPCW, 1997) are considered CWM by the
RCWM Program.

Chemical agents are classified in groups based on their use: lethal chemical agents (i.e., choking, nerve,
blood), blister agents, and incapacitating agents. Other munition fills that were at one time managed by
the Chemical Warfare Service (CWS) include riot control agents, smokes, and incendiaries. The
chemicals listed in Table 1 are the chemical agent fills in the munitions described in this guide and others
that may be encountered in the reference materials. A description of the categories of information
provided in the table is presented in the following subsections.

2.1 Chemical Agent Symbols

Chemical agent symbols, or brevity codes, are designed to convey complex information with a few letters.
U.S. military chemical agent symbols are generally used in this document to describe the fill of a
munition. In some instances, more than one symbol exists because they changed over time. In cases
where more than one chemical agent symbol exists, both are provided in the table, with the most common
listed first.

2.2 Common Name

Common names, or chemical names, for the chemical fills covered under this guide are provided in
Table 1. In cases where chemicals have more than one common name, the one most often used in
description of military munitions is listed in Table 1.

2.3 Chemical Abstract Service Registration Number

The Chemical Abstract Service (CAS) is a division of the American Chemical Society. The CAS registry
is a collection of chemical substance information containing more than 183 million organic and inorganic
substances and 68 million sequences and is a global standard for identification. CAS registry covers
substances identified from the scientific literature from 1957 to the present, with additional substances
going back to the early 1800s. CAS registry numbers are universally used to provide a unique,
unmistakable identifier for chemical substances. A CAS # in and of itself has no inherent chemical
significance; however, it provides an unambiguous way to identify a chemical substance or molecular
structure when there are many possible systematic, generic, proprietary, or trivial names. A CAS # is a
numeric identifier that can contain up to ten digits, divided by hyphens into three parts. The digit furthest
to the right is a check digit used to verify the validity and uniqueness of the entire number (Chemical
Abstract Service, 2021). The CAS #, if available, is listed in Table 1.
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Table 1: Symbols for U.S. Chemical Agents and Other Chemical Warfare Service Chemicals

u.S. Chemical Name/Common Name CAS H# Classification Persistent/ CwWC Citations
Chemical Nonpersistent  |Schedule
Agent
Symbol
AC or HCN |Hydrogen cyanide or 74-90-8 Blood Agent Nonpersistent  [3A03 (Department of the Army, 1955 p. 49;
Hydrocyanic acid Departments of the Army, Navy, and Air
Force, 1990 pp. 25-26; OPCW, 1997)
AS Asbestine (finely ground fibrous 1343-88-0 Simulant Not Applicable |Not Listed |(Secretary of War, 1942 p. 22)
magnesium silicate) suspension
BA Bromoacetone 598-31-2 Riot Control Persistent Not listed  |(Prentiss, 1937 p. 6; U.S. Army Corps of
Agent Engineers, 2015 pp. 7-32)
BM Berger Mixture (35.4% Zinc, 41.6% |-- Smoke Not Applicable [Not listed |(SciTech Services Inc., 1998 pp. 1-7;
carbon tetrachloride, 9.3% sodium Prentiss, 1937 pp. 7, 242)
chlorate, 5.4% ammonium chloride,
8.3% magnesium carbonate)
BZ 3-quinuclidinyl benzilate 6581-06-2 Incapacitating  |Nonpersistent  |2A03 (Department of the Army, 1982 p.
13004-56-3 |Agent Glossary 1; Departments of the Army,
Navy, and Air Force, 1990 p. 48; OPCW,
1997 p. 53)
CA* or BBC |Bromobenzyl cyanide or 16532-79-9  |Respiratory Persistent Not listed |(Departments of the Army, Navy, and
4-Bromophenylacetylnitrile 5798-79-8 Irritant Air Force, 1990 pp. 52-53; American
Expeditionary Forces, 1919 p. 9; War
Department, 1944 pp. 164, 172; U.S.
Army, Marine Corps, Navy, and Air
Force, 2005 pp. 111-16)
CG Phosgene or 75-44-5 Choking Agent |Nonpersistent |3A01 (War Department, 1944 p. 164; War
Carbonyl chloride Department, 1945 p. 111; Departments
of the Army, Navy, and Air Force, 1990
pp. 14-15; OPCW, 1997)
CKorCC Cyanogen chloride 506-77-4 Blood Agent Nonpersistent  [3A02 (Department of the Army, 1955 p. 49;
Departments of the Army, Navy, and Air
Force, 1990 pp. 25, 27-28; OPCW, 1997)
CL Chlorine 7782-50-5 Choking Agent |Nonpersistent  |Not listed |(War Department, 1944 pp. 164, 819;

Departments of the Army, Navy, and Air
Force, 1990 pp. 70-71; Secretary of War,
1942 p. 136)
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Table 1: Symbols for U.S. Chemical Agents and Other Chemical Warfare Service Chemicals

u.S. Chemical Name/Common Name CAS H# Classification Persistent/ CwWC Citations

Chemical Nonpersistent  |Schedule

Agent

Symbol

CN Chloroacetophenone or 532-27-4 Riot Control Solid: Persistent [Not listed | (War Department, 1944 p. 164; War
2-Chloroacetophenone Agent Department, 1945 p. 92; Departments of

Burning the Army, Navy, and Air Force, 1990 pp.
mixture: 53-54; Secretary of War, 1942 p. 92)
Nonpersistent

CNB Chloroacetophenone solution: 532-27-4 Riot Control Persistent Not listed |(Department of the Army, 1955 p. 50;
45% benzene + Agent Departments of the Army, Navy, and Air
10% chloroacetophenone + Force, 1990 p. 56; Secretary of War,
45% carbon tetrachloride 1942 p. 93)

CNC Chloroacetophenone solution: 532-27-4 Riot Control Persistent Not listed |(Department of the Army, 1955 p. 50;
70% chloroacetophenone + Agent Departments of the Army, Navy, and Air
30% chloroform Force, 1990 p. 55)

CNS Chloroacetophenone solution: 532-27-4 Respiratory Persistent 3A04 (Department of the Army, 1955 p. 50;
38.4% chloropicrin + 76-06-2 Irritant Departments of the Army, Navy, and Air
23% chloroacetophenone + Force, 1990 pp. 56-57; Secretary of War,
38.4% chloroform 1942 p. 93; OPCW, 1997)

CS or CS2** | 2-chlorobenzalmalononitrile or 2698-41-1 Riot Control Persistent Not Listed [(U.S. Army, Marine Corps, Navy, and
O-chlorobenzylidene malononitrile Agent Air Force, 2005 pp. F-1; Bureau of Naval
Compound Weapons, 1961 pp. 3-5)

CX Phosgene oxime or 1794-86-1 Blister Agent Nonpersistent  [Not Listed |(U.S. Army, Marine Corps, Navy, and
Dichloroformoxime Air Force, 2005)

DA Diphenylchloroarsine or Clark | 712-48-1 Respiratory Nonpersistent  [Not listed |(Department of the Army, 1955 p. 51;

Irritant War Department, 1945 p. 95;
Departments of the Army, Navy, and Air
Force, 1990 pp. 62-63)
DF Methylphosphonic Acid 676-99-3 Precursor Not Applicable [1B09 (U.S. Army, Marine Corps, Navy, and
Air Force, 2005 pp. 11-69)

DM Adamsite or 578-94-9 Respiratory Nonpersistent  [Not listed |(Department of the Army, 1955 p. 50;
diphenylaminechlorarsine Irritant War Department, 1945 p. 94;
10-chloro-5,10-dihydrophenarsazine Departments of the Army, Navy, and Air

Force, 1990 pp. 65-66)

DP Diphosgene or 503-38-8 Choking Agent |Nonpersistent  |Not listed |(War Department, 1944 pp. 164,170)

Trichlormethyl-chloroformate,

January 2022




U.S. Chemical Weapons and Related Materiel Reference Guide

Table 1: Symbols for U.S. Chemical Agents and Other Chemical Warfare Service Chemicals

u.S. Chemical Name/Common Name CAS H# Classification Persistent/ CwWC Citations

Chemical Nonpersistent  |Schedule

Agent

Symbol

ED Ethyldichloroarsine 598-14-1 Blister Agent Persistent Not Listed |(War Department, 1944 p. 164; War

Department, 1945 pp. 91, 127)
FM Titanium tetrachloride 7550-45-0 Smoke Not Applicable [Not listed |(War Department, 1944 p. 164; Brophy,
etal., 1959 p. 215)

FS Sulfur trioxide and chlorosulfonic 7790-94-5 Smoke Not Applicable |Not listed |(War Department, 1944 p. 164; Brophy,
acid et al., 1959 p. 135)

GA Tabun or 77-81-6 Nerve Agent Nonpersistent  [1A02 (Department of the Army, 1955 p. 48;
Ethyl N,N- Departments of the Army, Navy, and Air
dimethylphosphoroamidocyanidate Force, 1990 pp. 18-19; OPCW, 1997)

GB Sarin or 107-44-8 Nerve Agent Nonpersistent  [1A01 (Department of the Army, 1955 p. 48;
Isopropyl Departments of the Army, Navy, and Air
methylphosphonofluoridate Force, 1990 pp. 19-20; OPCW, 1997)

GF Cyclosarin 329-99-7 Nerve Agent Nonpersistent  [1A01 (Departments of the Army, Navy, and

Air Force, 1990 pp. p. 22-23)
H or HS* Sulfur mustard or Levinstein mustard |505-60-2 Blister Agent Persistent 1A04 (Prentiss, 1937 p. 150; War Department,
Dichloroethysulfide 1944 p. 164; Brophy, et al., 1959 p. 463;
Secretary of War, 1942 p. 90; OPCW,
1997)
HC Zinc oxide and hexachloroethane 1314-13-2 Smoke Not Applicable |Not listed |(War Department, 1944 p. 164; Brophy,
67-72-1 et al., 1959 p. 463)

HD Distilled mustard, mustard gas, sulfur|505-60-2 Blister Agent Persistent 1A04 (Department of the Army, 1955 p. 47,
mustard, or Bis-(2-chloroethyl) Departments of the Army, Navy, and Air
sulfide Force, 1990 pp. 31-32; OPCW, 1997)

HL Mustard-lewisite mixture 378791-32-3 |Blister Agent Persistent 1A04 (Departments of the Army, Navy, and

Air Force, 1990 pp. 40-41; OPCW, 1997;
War Department, 1945 p. 47)

HN-1 Nitrogen mustard (Ethyl S) or 538-07-8 Blister Agent Persistent 1A06 (Department of the Army, 1955 p. 47;

Bis-(2-chloroethyl)ethylamine Departments of the Army, Navy, and Air
Force, 1990 pp. 32-34; OPCW, 1997)

HN-2 Nitrogen mustard (Methyl) or 51-75-2 Blister Agent Persistent 1A06 (Departments of the Army, Navy, and

Bis-(2-chloroethyl)methylamine Air Force, 1990 pp. 33-34; OPCW,
1997)
HN-3 Nitrogen mustard (Tri) or 555-77-1 Blister Agent Persistent 1A06 (Departments of the Army, Navy, and

Tris(2-chloroethyl)amine

Air Force, 1990 pp. 35-36)

January 2022




U.S. Chemical Weapons and Related Materiel Reference Guide

Table 1: Symbols for U.S. Chemical Agents and Other Chemical Warfare Service Chemicals

u.S. Chemical Name/Common Name CAS H# Classification Persistent/ CwWC Citations
Chemical Nonpersistent  |Schedule
Agent
Symbol
HQ Mustard-sesquimustard (Q) mixture |505-60-2 Blister Agent Persistent 1A04 (Department of the Army, 1967 p. 77,
3563-36-8 OPCW, 1997 p. 51)
HT Distilled mustard and T-mixture 172672-28-5 |Blister Agent Persistent 1A04 (Department of the Army, 1955 p. 48;
(60% bis(2-chloroethyl) sulfide (H); Departments of the Army, Navy, and Air
40% bis(2-chloroethyl thioethyl) Force, 1990 pp. 37-38; OPCW, 1997)
ether (T))
HV or HDV | Thickened mustard or thickened 505-60-2 Blister Agent Persistent 1A04 (Stockhardt, 1945 p. 4; OPCW, 1997)
distilled mustard
Bis-(2-chloroethyl) sulfide thickened
with methyl methacrylate
IM Incendiary Mixture 97-86-9 Incendiary Not Applicable [Not listed |(Department of the Army, 1969 p. 48;
isobutyl methacrylate Department of the Army, 1967 p. 19;
Chemical Abstract Service, 2021)
KB-16 Methyl N-(2-chloroethyl)-N- 13589-15-6  |Blister Agent Unknown Not listed [(Hale, et al., 1942)
nitrosocarbamate
KJ Stannic chloride or tin tetrachloride |7646-78-8 Choking Agent |Semi-persistent |Not listed |(War Department, 1945 p. 47; Prentiss,
1937 p. 7.; U.S. Army Corps of
Engineers, 2015 pp. 7-34, 7-35, D10)
L or M-1 Lewisite or 541-25-3 Blister Agent Persistent 1A05 (War Department, 1944 p. 164; War
dichloro-(2-chlorovinyl)arsine Department, 1945 p. 91; Departments of
the Army, Navy, and Air Force, 1990 pp.
38-40; OPCW, 1997; Prentiss, 1937 p. 6)
MD Methyldichloroarsine 593-89-5 Blister Agent Nonpersistent  [Not listed |(U.S. Army, Marine Corps, Navy, and
Air Force, 2005)
MD2 Methyldifluoroarsine 420-24-6 Blister Agent Nonpersistent  |Not listed |(Edgewood Arsenal, 1918)
MR Molasses residuum Not Simulant Not Applicable [Not listed |(War Department, 1945 p. 47; Secretary
Applicable of War, 1942 p. 22)
NC Chloropicrin and stannic chloride 76-06-2 Choking Agent |Semi-persistent |3A04 (American Expeditionary Forces, 1919 p.
7646-78-8 19; War Department, 1945 p. 47; OPCW,
1997)
NM Dimethyl polysulfide mixture 624-92-0 Precursor Not Applicable [Not listed |(U.S. Army, Marine Corps, Navy, and

(powdered sulfur + dimethyl
disulfide)

Air Force, 2005 pp. 11-75)
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Table 1: Symbols for U.S. Chemical Agents and Other Chemical Warfare Service Chemicals

u.S. Chemical Name/Common Name CAS H# Classification Persistent/ CwWC Citations

Chemical Nonpersistent  |Schedule

Agent

Symbol

OPA Isopropylamine + Isopropyl Alcohol |75-31-0 Precursor Not Applicable |Not listed |(U.S. Army, Marine Corps, Navy, and

67-63-0 Air Force, 2005 pp. 11-72)

NP Napalm or 8031-21-8 Incendiary Not Applicable [Not listed |(War Department, 1945 p. 47; Brophy, et
thickened gasoline with napalm al., 1959 p. 464)

PD Phenyldichloroarsine (code may also |696-28-6 Blister Agent Persistent Not listed |(War Department, 1944 p. 164;
designate phosgene plus Department of the Army, 1955 p. 163;
diphenylchlorarsine, which is CWC Departments of the Army, Navy, and Air
Schedule 3A04) Force, 1990 pp. 41-42)

PG Chloropicrin and phosgene 76-06-2 Choking Agent |Semi-persistent |3A01 (American Expeditionary Forces, 1919 p.

75-44-5 19; Prentiss, 1937 p. 476; OPCW, 1997)

PS Chloropicrin or 76-06-2 Choking Agent |Persistent 3A04 (War Department, 1944 p. 164; War

trichloronitromethane Department, 1945 p. 89; Departments of
the Army, Navy, and Air Force, 1990 pp.
52, 61; OPCW, 1997)
PTor PT1 Oil and incendiary mixture or -- Incendiary Not Applicable [Not listed |(Department of the Army, 1955 p. 53;
thickened fuel Departments of the Army and the Air
Force, 1957 p. 98; Bureau of Naval
Weapons, 1961 pp. 3-8)
PWP Plasticized white phosphorus -- Smoke Not Applicable [Not listed |(Department of the Army, 1967 p. 21;
Brophy, et al., 1959 p. 464)

Q Sesquimustard or 3563-36-8 Blister Agent | Persistent 1A04 (U.S. Army, Marine Corps, Navy, and

1,2-Bis(2-chloroethylthio)ethane Air Force, 2005 pp. 11-76, D-1; OPCW,
1997 p. 51)

QL O-Ethyl O-2-diisopropylaminoethyl |57856-11-8  |Precursor Not Applicable [1B10 (U.S. Army, Marine Corps, Navy, and
methylphosphonite Air Force, 2005 pp. 11-71)

SA Arsine or 7784-42-1 Blood Agent Nonpersistent  [Not listed |(War Department, 1943 p. 8; War
Avrsenic trihydride Department, 1945 pp. 5, 8)

TH3 or Th. | Thermite -- Incendiary Not Applicable [Not listed |(War Department, 1944 p. 164;

Departments of the Army and the Air
Force, 1957 pp. 4, 90; U.S. Army Corps
of Engineers, 2015 pp. 7-33)
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Table 1: Symbols for U.S. Chemical Agents and Other Chemical Warfare Service Chemicals

* Prior to 1943 (War Department, 1943, pp. C-1; Prentiss, 1937, p. 6)
** CS2 is chemically identical to CS but differs in its physical characteristics. CS2 is a siliconized, microencapsulated form of CS (U.S. Army, Marine Corps, Navy, and Air
Force, 2005 pp. 111-3)

CAS — Chemical Abstract Service
CWC - Chemical Weapons Convention
OPCW - Organisation for the Prohibition of Chemical Weapons

U.s. Chemical Name/Common Name CAS # Classification Persistent/ CcwcC Citations

Chemical Nonpersistent  |Schedule

Agent

Symbol

VX O-ethyl S(2-diisopropylamino ethyl) |50782-69-9  |Nerve Agent Persistent 1A03 (Department of the Army, 1969 p. 35;

methylphosphonothioate Departments of the Army, Navy, and Air

Force, 1990 pp. 23-25; OPCW, 1997,
Naval Ordnance Laboratory, 1963 pp. 3-
2)

WP White phosphorus 12185-10-3  |Smoke Not Applicable |Not listed |(War Department, 1944 p. 164; Brophy,
etal., 1959 p. 466)

Notes:
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24 Classification

The classifications of the chemical agents and military chemical compounds in Table 1 are based on the
mechanism of action (i.e., the route of penetration and the effect on the human body). Chemical agents
and military chemical compounds are commonly divided into several categories: chemical warfare agents
(e.g., choking agents, nerve agents, blood agents, blister agents [vesicants], incapacitating agents), riot
control agents, respiratory irritants, smokes, and incendiaries. The relationships of the various
classifications of the chemical agents and military chemical compounds are shown on Figure 1.

Figure 1: Chemical Warfare Agents and Military Chemicals
2.4.1 Chemical Warfare Agents

Choking Agents

Choking agents, also known as pulmonary agents and lung irritants, are those designed to interrupt
normal breathing by causing fluids to build up in the lungs resulting in suffocation. Choking agents cause
damage to the lungs, irritation to the eyes and the respiratory tract, and pulmonary edema (commonly
known as dryland drowning) (Departments of the Army, Navy, and Air Force, 1990 p. 14; Department of
the Army, 1969 p. 38; War Department, 1945 pp. C-2). They cause irritation to the bronchi, trachea,
larynx, pharynx, and nose. Initial symptoms may include tears, dry throat, coughing, choking, tightness of
chest, nausea, vomiting, and headache. In extreme cases, membranes swell, lungs become filled with
liquid, and death results from lack of oxygen; thus, these agents “choke” an unprotected person. Fatalities
of this type are called dryland drownings (U.S. Army, Marine Corps, Navy, and Air Force, 2005 pp. 11-9).

Nerve Agents

Nerve agents affect the transmission of nerve impulses in the nervous system; they are extremely toxic
and have a rapid effect. Nerve agents can be vapor, aerosol, or liquid (Departments of the Army, Navy,
and Air Force, 1990 p. 17; Department of the Army, 1969). In sufficient doses, nerve agents can lead to
an inability of the body to sustain breathing (U.S. Army, Marine Corps, Navy, and Air Force, 2005 pp. I-
4). Nerve agents are more toxic than other chemical agents. They may cause effects within seconds and
death within minutes. The nerve agents are all liquids, not nerve gas per se. They can be absorbed through
any surface of the body and can penetrate ordinary clothing rapidly (U.S. Army, Marine Corps, Navy, and
Air Force, 2005 pp. 11-13). Prior to 1945, nerve agents were grouped with blood agents and classified as
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systemic poisons (War Department, 1945 pp. C-2). Nerve agents may be deployed in the field as a single
compound (unitary agents) or may be designed to mix two nonlethal chemicals (binary agents) while in
flight to a target to form chemical agent.

Blood Agents

Blood agents (e.g., cyanogenic agents) are distributed through the blood, generally enter the body via
inhalation, and inhibit the ability of blood cells to utilize and transfer oxygen. Prior to 1945, blood agents
were classified as systemic poisons (Departments of the Army, Navy, and Air Force, 1990 p. 25;
Department of the Army, 1969 p. 38; War Department, 1945 pp. C-2). Blood agents include hydrogen
cyanide or hydrocyanic acid (AC or HCN), cyanogen chloride (CK), and arsine (SA). The cyanogen
blood agents, AC and CK, affect the bodily functions by inactivating the cytochrome oxidase system.
This poisoning prevents cell respiration and the normal transfer of oxygen from the blood to body tissues.
Arsine causes hemolysis of the red blood cells. Cyanogen agents are highly volatile and, therefore,
nonpersistent. Exposure at high concentrations causes effects within seconds and death within minutes in
unprotected personnel (U.S. Army, Marine Corps, Navy, and Air Force, 2005 pp. 11-31).

Blister Agents

Blister agents, also known as vesicants, act via inhalation and contact with skin. Blister agents are noted
for producing reddening and blistering of the skin. Eye exposure results in reddening of the eyes and
temporary blindness or permanent effects. Inhaled mustard damages mucous membranes and the
respiratory tract. Blister agents are used to produce casualties, to degrade fighting efficiency, and to
restrict use of terrain and equipment. Blister agents are chemical agents that act on the eyes, mucous
membranes, lungs, skin, and blood-forming organs. The most toxic route of exposure is inhalation/ocular.

The severity of a blister agent burn relates directly to the concentration of the agent, the duration of
contact with the skin, and the location on the body. Most blister agents are insidious in action except for
lewisite (L or M-1) and phosgene oxime (CX), which cause immediate pain on contact. The blister agents
are divided into three groups: mustards, arsenicals, and urticants (Departments of the Army, Navy, and
Air Force, 1990 p. 30; Department of the Army, 1969 p. 33; War Department, 1945 pp. C-2; U.S. Army,
Marine Corps, Navy, and Air Force, 2005 pp. I-5, 11-37).

Mustard agents include the sulfur mustards (mustard [H or HS] and distilled mustard [HD]) and the
nitrogen mustards (HN-1, HN-2, and HN-3). Because of their physical properties, mustards are persistent
under cool conditions; however, evaporation increases as the temperature increases. It is possible to
increase their persistency even more by dissolving them in thickeners (U.S. Army, Marine Corps, Navy,
and Air Force, 2005 pp. 11-37).

Arsenical vesicants are organic dichloroarsines. They are respiratory tract irritants and produce lung
injury on sufficient exposure. The vapors are irritating to the eyes and the liquid may produce serious eye
lesions. Skin damage leading to vesication is produced by sufficient exposure to the vapor or by contact
with the liquid. Absorption of vapor or liquid through the skin may lead to systemic intoxication or death
(U.S. Army, Marine Corps, Navy, and Air Force, 2005 pp. 11-50).

Urticants are not true vesicants because, unlike mustard and L, they do not produce fluid-filled blisters;
rather, they produce solid lesions resembling urticaria. CX is the primary urticant of military interest and
has also been classified as a lung poison. It can penetrate garments and rubber much more quickly than
other agents. It affects the skin, eyes, and lungs. No other chemical agent produces such an immediately
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painful onset that is followed by rapid tissue necrosis. The skin lesions are similar to those caused by a
strong acid. The rapid skin damage renders the skin more susceptible to a second type of agent. Droplets
on the skin are potentially lethal (U.S. Army, Marine Corps, Navy, and Air Force, 2005 pp. 11-62).

Incapacitating or Harassing Agents

Incapacitating agents are chemicals that cause physiological or mental effects (or both) that lead to
temporary disability. Unlike riot control agents with effects lasting only a few minutes, incapacitating
agents produce effects that may last for hours or days after exposure to the agent has ceased (Departments
of the Army, Navy, and Air Force, 1990 p. 47). Used in a military context, incapacitation is understood to
mean inability to perform one’s military mission. Since missions vary, for the purpose of this guide,
incapacitation means the inability to perform any military task effectively and implies that the condition
was achieved via the deliberate use of a nonlethal weapon.

Incapacitating agents differ from other chemical agents in that the lethal dose is theoretically many times
greater than the incapacitating dose. Thus, they do not seriously endanger life except in cases exceeding
many times the effective dose, and they produce no permanent injury. Virtually all drugs whose most
prominent effects are psychological or behavioral can be classified into four discrete categories:
deliriants, stimulants, depressants, and psychedelics. They interfere with the higher functions of the brain
such as attention, orientation, perception, memory, motivation, conceptual thinking, planning, and
judgment (U.S. Army, Marine Corps, Navy, and Air Force, 2005 pp. 11-64). Incapacitating agents were
introduced as a separate category in 1967. Prior to 1967, they were described as “Irritant Agents”
(SciTech Services Inc., 1998 pp. 1-11; U.S. Army, Marine Corps, Navy, and Air Force, 2005 pp. I-5).

2.4.2 Military Chemicals

Riot Control Agents

Riot control agents are chemicals that rapidly produce sensory irritation or disabling physical effects in
humans, which disappear within a short time. Riot control agents can be divided into lachrymators (eye
irritants), sternutators (cause sneezing and upper respiratory track irritation), and vomiting agents
(Department of the Army, 1969 p. 40). Generally, riot control agents produce a rapid onset of effects
(seconds to several minutes), and they have a relatively brief duration of effects (15 to 30 minutes) once
the victim has escaped the contaminated atmosphere and has removed the contamination from clothing.
Because tear compounds produce only transient casualties, they are widely used for training, riot control,
and situations where long-term incapacitation is unacceptable. When used against poorly equipped forces,
these compounds have proven extremely effective. When released indoors, they can cause serious illness
or death (U.S. Army, Marine Corps, Navy, and Air Force, 2005 pp. I11-1). Prior to 1967, riot control
agents were identified as “Harassing Agents,” and prior to 1945, they were classified as irritants,
specifically lachrymators (Department of the Army, 1967; War Department, 1945 pp. C-2; U.S. Army,
Marine Corps, Navy, and Air Force, 2005 pp. I-5).

Respiratory Irritant Agents

Respiratory irritant agents were previously called vomiting agents; however, their primary action is
irritation of the respiratory tract. The principal respiratory irritants are adamsite (DM),
diphenylchloroarsine (DA, also referred to as Clark 1), and chlorine (CL). They were originally designed
as “mask breakers” during World War (WW) I. Their intended purpose was to penetrate the canister,
forcing troops to remove their masks and be exposed to more toxic materials.

January 2022 10



U.S. Chemical Weapons and Related Materiel Reference Guide

Two characteristics make these compounds different than riot control agents. The first characteristic is
that the effects do not appear immediately on exposure or seconds afterwards, but several minutes later. In
the absence of symptoms, personnel will not mask immediately; by the time they mask, a significant
amount of the compound will have been absorbed. The effects may then cause an individual to unmask.
The second characteristic of these compounds is that there may be more prolonged systemic effects, such
as headache, mental depression, chills, nausea, abdominal cramps, vomiting, and diarrhea, which last for
several hours after exposure. They are dispersed as aerosols, and they produce their effects by inhalation
or by direct action on the eyes. When released indoors, they can cause serious illness or death. The
protective mask gives adequate protection against field concentrations (U.S. Army, Marine Corps, Navy,
and Air Force, 2005 pp. H11-7).

Smokes and Obscurants

Smokes and obscurants are combat multipliers. Their use provides tactical advantages for offensive and
defensive operations. Smoke is an aerosol that owes its ability to conceal or obscure to its composition of
many small particles suspended in the air. These particles scatter or absorb the light, thus reducing
visibility. When the density or amount of smoke material between the observer and the object to be
screened exceeds a certain minimum threshold value, the object cannot be seen.

Many types and combinations of smokes are used, but the three basic types of screening smokes are
hexachloroethane (HC), phosphorous, and fog oil. White phosphorous (WP) and HC are hygroscopic;
they absorb water vapor from the atmosphere. This increases their diameters and makes them more
efficient at reflecting light rays. Fog oils are nonhygroscopic and depend upon vaporization techniques to
produce extremely small diameter droplets to scatter light rays. Most smokes are not hazardous in
concentrations that are useful for obscuring purposes. However, any smoke can be hazardous to health if
the concentration is sufficient or if the exposure is long enough (U.S. Army, Marine Corps, Navy, and Air
Force, 2005 pp. 111-16).

Incendiaries

Incendiaries cause maximum fire damage to flammable materials and objects and illuminate. The initial
action of an incendiary munition may destroy these materials, or the spreading and continuing of fires
started by the incendiary may destroy them (U.S. Army, Marine Corps, Navy, and Air Force, 2005 pp. 111-
22).

2.5 Persistence

The terms “persistent” and “nonpersistent” Persistent agents can cause casualties for more
describe the time chemical agents remain in an than 24 hours after use.

area and do not classify the agents technically Nonpersistent agents dissipate or lose the ability
(U.S. Army, Marine Corps, Navy, and Air Force, | t cause casualties after 15 minutes.

2005 pp. I-4). Prior to and during WWI, a
chemical agent was classified as persistent if, when released, it remained able to cause casualties for more
than 24 hours to several days or weeks. A semi-persistent agent could persist for more than an hour in the
open. A chemical agent was classified as nonpersistent if when released it dissipated and lost its ability to
cause casualties after 10 to 15 minutes in the open. After WWI, the semi-persistent category was dropped
and agents were considered persistent if the effects lasted for more than 10 minutes in an open field and
nonpersistent if the effects lasted for less than 10 minutes (Prentiss, 1937 pp. 116-117). After WWI, the
system for marking munitions that contain chemical agents included one colored band for nonpersistent
effect agents and two colored bands for persistent effect agents (U.S. Naval Ordnance Laboratory, 1968
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pp. 2-4). Currently, persistent agents are defined as those that, when released, remain able to cause
casualties for more than 24 hours and a nonpersistent agent is one that dissipates or loses its ability to
cause casualties after 15 minutes (Defense Technical Information Center, 2016).

2.6 Chemical Weapons Convention Schedule

The CWC established the Organisation for the Prohibition of Chemical Weapons (OPCW). The CWC
prohibits the production and use of chemical agents and CWM. The CWC organizes certain toxic
chemicals and precursors that have, or could play, a role in chemical weapons activity into three
“schedules.” The Schedules of Chemicals are ordered to reflect an assessment of the risk posed to the
object and purpose of the CWC, the elimination of chemical weapons. Scheduled chemicals means
specific chemicals listed and families of chemicals and any other chemicals meeting the criteria included
in the CWC (Bureau of Industry and Commerce, 2004 p. 6). For the purposes of the RCWM Program,
only those compounds on the CWC Schedules of Chemicals are potentially considered chemical agents.
Table 1 provides the CWC schedule, if applicable, for each chemical listed.

2.6.1 Schedule 1 Chemicals

The Schedule 1 chemicals pose the highest risk to the object and purpose of the CWC. They include nerve
agents such as O-Ethyl S(2-diisopropylaminoethyl) methylphosphonothioate (\VVX) and blister agents such
as mustard (H/HS). Schedule 1 also includes final stage precursors used in the manufacture of the
Schedule 1 chemical agents (OPCW, 1997 pp. 51-52).

The following criteria were taken into account in considering whether a toxic chemical or precursor was
included in Schedule 1:

1. It has been developed, produced, stockpiled, or used as a chemical weapon as defined in Article Il of
the CWC;
2. It poses a high risk to the object and purpose of the CWC by virtue of its high potential for use in
activities prohibited under the CWC because one or more of the following conditions are met:
a. It possesses a chemical structure closely related to that of other toxic chemicals listed in
Schedule 1, and has, or can be expected to have, comparable properties;
b. It possesses such lethal or incapacitating toxicity as well as other properties that would enable
it to be used as a chemical weapon; and
c. It may be used as a precursor in the final single technological stage of production of a toxic
chemical listed in Schedule 1, regardless of whether this stage takes place in facilities, in
munitions or elsewhere.
3. It has little or no use for purposes not prohibited under the CWC.

2.6.2 Schedule 2 Chemicals

The Schedule 2 chemicals include toxic chemicals and precursors possessing properties that would enable
them to be used in chemical weapons activities. Schedule 2 chemicals may be produced in large
commercial quantities for purposes not prohibited under the CWC (OPCW, 1997 p. 53).

The following criteria were taken into account in considering whether a toxic chemical not listed in

Schedule 1 or a precursor to a Schedule 1 chemical or to a chemical listed in Schedule 2, part A, was
included in Schedule 2:
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It poses a significant risk to the object and purpose of the CWC because it possesses such lethal or
incapacitating toxicity as well as other properties that could enable it to be used as a chemical
weapon;

It may be used as a precursor in one of the chemical reactions at the final stage of formation of a
chemical listed in Schedule 1 or Schedule 2, part A;

It poses a significant risk to the object and purpose of the CWC by virtue of its importance in the
production of a chemical listed in Schedule 1 or Schedule 2, part A; and

It is not produced in large commercial quantities for purposes not prohibited under the CWC.

2.6.3 Schedule 3 Chemicals

The Schedule 3 chemicals include first generation chemical weapons and other toxic chemicals and
precursors that might enable them to be used in chemical weapons activities. The U.S. chemical industry
produces Schedule 3 chemicals in large commercial quantities for purposes not prohibited under the CWC
(OPCW, 1997 p. 54).

The following criteria were taken into account in considering whether a toxic chemical or precursor, not
listed in other Schedules, was included in Schedule 3:

1.
2.

It has been produced, stockpiled, or used as a chemical weapon;

It poses an otherwise high risk to the object and purpose of the CWC because it possesses such lethal
or incapacitating toxicity as well as other properties that might enable it to be used as a chemical
weapon;

It poses a risk to the object and purpose of the CWC by virtue of its importance in the production of
one or more chemicals listed in Schedule 1 or Schedule 2, part B; and

It may be produced in large commercial quantities for purposes not prohibited under the CWC.
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3 Brief History of Chemical Agents in the United States

Following is a brief history of chemical agent introduction, production, and use in the United States,
including chemical munitions and elimination from U.S. stockpile.

The United States’ history relating to chemical warfare stretches to before WWI. Once chemical warfare
was a battlefield reality, the United States developed several research and development facilities,
chemical and filling plants, proving grounds, and chemical training areas, to protect our Military Forces
on the battlefield and to ensure they had the capabilities needed to defeat our nation’s adversaries. Today,
the United States, a signatory to the CWC, is in the process of destroying the last of its chemical
munitions stockpile. As such, the United States no longer maintains an offensive chemical warfare
capability. The DOD has already remediated several former chemical facilities and training areas located
in the United States and continues to do so today. Some of the major events relating to the involvement of
the United States in chemical warfare are presented in Table 2.

Table 2: A Selected Timeline of the United States’ Involvement

1915 Germany conducted the first successful use of lethal chemicals occurred on a battlefield in
Europe; following this, the United States began researching chemical warfare.

1918 U.S. Army established the CWS to create, study, and train Soldiers in chemical warfare.

1925 Geneva Protocol, signed by the United States (though not ratified by Senate) and 28 other

countries, condemned the use of gas and bacteriological warfare.

1940-1945 | The CWS produced approximately 146,000 tons of chemical agents at locations throughout the
United States. Research and production of nerve agents began in 1945. Agents produced by the
United States during WWII were not used in combat. President Roosevelt established a no first-
use policy for chemical weapons.

1960s Chemical warfare was seen as less than viable in the face of atomic weapons.

1969 President Nixon unilaterally renounced the first-use of lethal or incapacitating chemical weapons.
1972-1976 | The United States destroyed a significant portion of its unitary chemical agent stockpile.

1990 The United States ceased binary chemical weapons programs.

1993 The United States and 180 other countries signed the CWC. The U.S. Explosive Destruction

System, a mobile system for treating chemical munitions, entered service. First inventory of
former U.S. CWM sites was published.

1997 The United States ratifies the CWC, agreeing to dispose of its unitary chemical weapons
stockpile, binary chemical weapons, RCWM in storage and former chemical weapons production
facilities.

2001 First deployment of Explosive Destruction System treats ten sarin-filled bomblets recovered at
Rocky Mountain Arsenal, Colorado.

2004 Single Chemical Agent Identification Set (CAIS) Access and Neutralization System treats first
CAIS at Fort McClellan, Alabama.

2006 All former U.S. chemical agent production facilities were destroyed.

Completed destruction of existing stores of binary agents.
2007 Revised inventory of former U.S. CWM sites was published.
2012 Chemical Stockpile Elimination mission completes destroying 89.75% (27,000 U.S. tons) of the

nation’s chemical weapons stockpile stored at seven sites, 2,700 tons await destruction at the Blue
Grass Chemical Activity, Kentucky and Pueblo Chemical Depot, Colorado.
2021 The United States completes the destruction of the last nerve agent projectile in its stockpile.
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3.1 Prior to World War |

International efforts to prevent the use of poisonous (toxic) chemicals in land warfare began in the 19th
century. The first attempt at an international agreement limiting the use of such weapons was the 1874
International Declaration Concerning the Laws and Customs of War, which included in Article 13(a), a
prohibition against poison or poisoned arms. The next attempt was The Hague Convention of 1899. In all,
27 nations, including Austria-Hungary, France, Germany, Great Britain, and Russia, eventually agreed to
this provision. In the 20th century, Article 23 of the 1907 Hague Convention on Land Warfare explicitly
prohibited the use of “poison or poisoned weapons” in warfare (Recovered Chemical Warfare Material
Program, 2016).

3.2 World War | (1914-1918)

Despite these international efforts, WW!I saw the first large-scale use of toxic chemical weapons in land
warfare. French (August 1914) and German (October 1914) forces first used limited quantities of the riot
control agents, ethyl bromoacetate and chloroacetone, against entrenched troops. The concentrations
achieved in the field were reportedly so small that the use of chemicals went largely unnoticed.

After the use of chlorine gas at Ypres by Germany in 1915, the U.S. Army began studying chemical
warfare. Initial research took place at the American University Experiment Station near Washington,
District of Columbia (DC) (Brophy, et al., 1959 pp. 18, 76-77). Today this location is the Spring Valley
Site and is being remediated under the Formerly Used Defense Sites Program, part of the larger Defense
Environmental Restoration Program.

Determining that chemical warfare was a significant threat to U.S. forces and an offensive weapon that
could not be discounted, the Army Ordnance Department assigned chemical defensive methods and
chemical weapons production to the CWS. Established 28 June 1918, the CWS (Brophy, et al., 1959 p.
13) had seven main divisions:

1. Research — responsible for identification of chemical agents in Washington, DC;

2. Gas Defense — responsible for production of gas masks in Long Island City, New York;

3. Gas Offense — responsible for chemical agents and weapons production at Edgewood Arsenal,
Maryland;

4. Development - responsible for charcoal production and pilot plant work on mustard agent
production;

5. Proving Ground — responsible for testing munitions at Lakehurst, New Jersey;

6. Training — responsible for CWS officer training at Lakehurst, New Jersey; and

7. Medical - responsible for the pharmacological aspects of chemical defense.

Nearly two years passed between the first-use of toxic gas at Ypres and the declaration of war by the
United States. The United States faced major challenges in establishing large-scale production facilities
for chemical agents, chemical-filled shells, and the machinery for filling the shells. In February 1917, the
U.S. Bureau of Mines offered assistance to the War Department (predecessor to DOD). One area studied
by U.S. Bureau of Mines involved development of large-scale methods for the manufacturing of
chloropicrin (PS) and phosgene (CG). In 1917-1918, the CWS built large-scale production plants at
Edgewood Arsenal, Maryland (later the Edgewood Area, Aberdeen Proving Ground) and at several
contractor-owned facilities.

At Edgewood Arsenal, four plants produced CL, PS, H, and CG. There were also three shell-filling
plants. The first filled 75-millimeter (mm), 155-mm, 4.7-inch, and Livens projectiles with CG. A second
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plant filled 155-mm projectiles with H and with PS. The third planned shell-filling plant was not
completed before the end of the war.

Edgewood Arsenal produced more than 935 tons of CG, 711 tons of H, 1,163 tons of PS, and an unknown
amount of CL by 1918. Government contractors also produced CL, PS, L, H, and PS plus CG (known as
PG). Total U.S. toxic chemical agent production in WWI was about 2,500 tons. Despite the production,
during WWI, the United States did not employ any domestically produced chemical agents or weapons in
combat. L was in transit to Europe on 11 November 1918 (the date the Armistice went into effect) and
was disposed of in the Atlantic Ocean.

During the war, the Army used foreign-made offensive chemical weapons and delivery systems.
American forces fired both British and French chemical rounds from 75-mm, 4.7-inch, 155-mm, and
larger-caliber guns; most were French shells filled with CG and H, and British shells filled with H and L
(Recovered Chemical Warfare Material Program, 2016).

3.3 Inter-War Years (1919-1939)

After 1919, all CWS Divisions except Headquarters moved to Edgewood Arsenal, which continued
research and development, stockpiling of chemical agents and munitions, training, and testing. Chemical
agents and munitions unused during WWI became the basis of the Army’s stockpile.

On 1 July 1920, the CWS became a permanent part of the Regular Army, and began to standardize
chemical agents, defensive measures, and the means of delivery.

In 1928, the CWS selected seven chemical agents and smoke/obscurants for military use: H,
methyldichloroarsine (MD), DM, chloroacetophenone (CN), titanium tetrachloride (FM), WP, and zinc
oxide and HC. Of lesser importance were CL, PS, L, and CG. In 1937, Edgewood Arsenal rehabilitated
the H production line from WWI produced an additional 154 tons of H. Concurrently, the CWS upgraded
the Edgewood Arsenal CG plant and standardized CG as a primary chemical agent.

During the 1920s and 1930s, the CWS stockpiled
Livens projectors and cylinders as well as Stokes
mortars. In addition, the Army manufactured chemical
agent-filled shells for 75-mm, 105-mm, and 155-mm
artillery pieces. In 1924, the United States
standardized the design of the Livens Projector and the
4-inch Stokes chemical mortar. A weapons system
includes the projectile and the delivery system used to
fire them (Recovered Chemical Warfare Material
Program, 2016).

Figure 2: Soldiers Deploying Livens Projectors

During the inter-war years, the Army’s involvement with chemical agents and munitions was restricted to
research, development, testing, evaluation, and training. In 1928, the United States introduced the Model
M1 4.2-inch Chemical Mortar. The M1 mortar projectiles could be filled with any one of several
compounds including high explosive (trinitrotoluene [TNT]), a chemical agent (e.g., HD) and
smoke/obscurant (e.g., WP) variants.
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Having seen the importance of aviation during WWI, the CWS developed the M1 30-pound chemical
bomb. This bomb, never used in combat, held about 10 pounds of chemical agent. In 1933, the CWS
developed the M10 Spray Tank. This tank held 320 pounds of H, 470 pounds of L, or smoke/obscurants.
Likewise, the use of mine warfare led to the standardization of the M1 Chemical Land Mine in 1933. This
mine held nearly 10 pounds of H and used a detonating cord to burst the can and disseminate the agent
(Recovered Chemical Warfare Material Program, 2016).

3.4 World War 11 (1939-1945)

Partly a response to the war in Europe, 1940 and 1941 saw a major expansion of CWS infrastructure in
the United States. The CWS built new arsenals in Huntsville, Alabama; Pine Bluff, Arkansas; and
Denver, Colorado, and established the Dugway Proving Ground in western Utah.

Between 1940 and 1945, the CWS produced approximately 146,000 tons of chemical agents at locations
throughout the United States. The expansion of chemical agent stockpiles included a corresponding
increase in the number of delivery systems. The U.S. Army began the war with 44 each 4.2-inch chemical
mortars. Demands for these versatile mortars grew rapidly as dedicated chemical mortar battalions were
incorporated into the standard Army divisional structure. Concurrently, there were needs for
improvements in accuracy, durability, ease in manufacturing, and maximum range. The first redesigned
mortar was the M1A1; the next generation was the M2 4.2-inch mortar. During the war, the CWS
procured more than 8,000 M2 chemical mortars for chemical mortar battalions. Although the mortar
could fire H-filled shells, and more than 450,000 H-filled shells were produced, none were used in
combat by U.S. forces.

Field Artillery units had 75-mm, 105-mm, and 155-mm shells filled with H or L for the standard artillery
cannon and howitzers of the time. For the Army Air Force, the CWS produced 100-pound H-filled
bombs; 500-pound CG or CK bombs; 1,000-pound CG, CK, or AC bombs; and the M33 airplane tank
holding 749 pounds of HD to 1,099 pounds of L.

The CWS also developed detection capabilities: the M4 HS Vapor Detector Kit, the M5 liquid detector
paint, the M6 liquid detector paper, and the M7 detector crayon. The M9 Chemical Agent Detector Kit
was a milestone. Produced in 1943, the M9 kit had a sampling pump, four bottles of reagents, and six
clips of detector tubes. It could detect arsenicals (e.g., L), H, and CG, using simple color-based tests.

Drawing on the experience of WWI and the efforts in the inter-war years to institute international
agreements prohibiting use of chemical weapons, early in the war, President Roosevelt established a
no-first-use policy for chemical weapons. The Axis nations wisely chose not to initiate wide-scale
chemical warfare against the Allied powers. Thus, none of the U.S. chemical weapons were used on the
battlefield during the war (Recovered Chemical Warfare Material Program, 2016).

35 Post-war Years (1946-1960)

The end of WWII in 1945 triggered a massive demobilization of the U.S. Armed Forces. By early 1946,
the CWS was demobilized to pre-war levels. The Army did continue some Technical Services, including
the CWS, as part of the post-war Regular Army. One recognition of the need for a chemical warfare
organization with the Army was Public Law 607, enacted on 2 August 1946, changing the name of the
CWS to the U.S. Army Chemical Corps.

In the post-war period, the Chemical Corps concentrated on maintaining the existing stockpiles from
WWI and WWII, and on producing new chemical agents (e.g., the organophosphate nerve agent — sarin
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[GB]), decontamination equipment, delivery systems, and detection systems. One of the first tasks
undertaken was to evaluate the capabilities of the German and Japanese chemical warfare programs.

In the aftermath of the war in Europe, the Allies found the vast stockpile of German chemical weapons,
some 296,100 tons. In response, the Continental Committee on Dumping agreed that America, Britain,
France, and the Soviet Union would destroy the German chemical weapons in any convenient manner.
The limited choices of the day were expending significant resources to build facilities specifically
designed to destroy CWM; burial on land; open burning of the chemical agents and munitions; or sea
disposal. The environmental understanding of the day, coupled with the desire to keep the CWM from
potential enemies and to go home after six long years of war that encompassed the world, resulted in
selection of sea disposal as the most efficient and effective alternative (Recovered Chemical Warfare
Material Program, 2016).

3.6 Chemical Warfare’s Decline as a Viable Military Option (1960-1980)
With the advent of atomic and thermonuclear weapons, the U.S. military began shifting emphasis away
from chemical weapons.

Although the Army maintained the Chemical Corps, and continued development of both defensive and
offensive measures, the aging stockpile of artillery shells, bulk containers, and rockets began to require
demilitarization and disposal. The options for disposal remained limited. In the 1960s, under Project
EAGLE, the Army developed incineration and neutralization systems, and, in the 1970s, destroyed 3,000
tons of H and 4,000 tons of GB at Rocky Mountain Arsenal, Colorado (Recovered Chemical Warfare
Material Program, 2016).

3.7 End of United States Development of Chemical Warfare (1980-Present)

In the early 1980s, the Army developed binary chemical weapons to modernize the aging chemical
weapons stockpile. Designed to mix two nonlethal chemicals while in flight to a target to form chemical
agent, binary chemical weapons development helped move the Soviet Union into arms reduction
negotiation and the signing of a bilateral agreement in 1990. This agreement led to the CWC, an
international treaty signed by more than 180 countries that mandates the elimination of CWM and former
chemical weapons production facilities.

In 1992, in response to Public Law 102-484, the Army established the Non-Stockpile Chemical Materiel
Project (NSCMP) to develop systems to safely assess, treat and destroy five categories of CWM not part
of the declared stockpile:

Binary CWM,;

Former chemical weapons production facilities;
Miscellaneous CWM;

Buried CWM; and

e RCWM.!

1 “Buried CWM? refers to the material currently covered by the RCWM Program. The RCWM referred to in P.L.
102-484 was CWM that was recovered prior to 1992 and was in storage at that time.
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In 1997, the U.S. Senate ratified the CWC, subject to a series of specific limitations. Complete details on
the U.S. ratification, the implementing statutes and regulations, and the requirements for reporting and
verification are available at the U.S. CWC Website.

From 1990 to 2000, when Johnston Atoll Chemical Agent Disposal System destruction operations ceased,
the United States destroyed more than 400,000 chemical rockets, projectiles, bombs, ton containers, and
mines containing GB, H, and VVX. This represented about four percent of the U.S. chemical agent
stockpile. The Johnston Atoll Chemical Agent Disposal System facility was closed and decommissioned
permanently in 2003 (Recovered Chemical Warfare Material Program, 2016).

Between 1995 and 2006, the United States demolished its former chemical warfare production facilities;
meetings its obligation under the CWC to destroy all production facilities by 2007. Also in 2006, the
NSCMP completed destruction of the existing stores of binary chemical warfare material.

In 2002, the NSCMP completed destruction of items in the CWC category “Miscellaneous Chemical
Warfare Material.” This category included both treaty and non-treaty items, such as unfilled munitions,
support equipment, and devices designed for use with chemical weapons. These included complete
assembled rounds without chemical fill and with or without bursters and fuzes, simulant-filled munitions,
inert munitions, dummy munitions, bursters and fuzes, empty rocket warheads and motors, projectile
cases, other metal and plastic part components, research and development compounds, chemical samples,
and ton containers.

In 2012, destruction of the chemical weapons at seven of the nine stockpile chemical weapons storage
facilities was completed. The destruction of the last stockpile chemical weapons at two storage sites in the
United States, Pueblo Chemical Depot and Blue Grass Chemical Activity, is currently underway. The
destruction of the former CWM production facilities and stockpile CWM is summarized in Table 3.

Table 3: United States Destruction of Former Production Facilities and Stockpile

Former Production Facility Destruction Destruction of Stockpile CWM

1995 | DC Production Facility 2000 Johnson Atoll Chemical Agent Disposal
Rocky Mountain Arsenal, Colorado System, Johnston Island, U.S. Minor

Outlying Islands
2,031 tons of agent destroyed

1999 | BZ Fill Facility 2006 Aberdeen Proving Ground, Maryland
Pine Bluff Arsenal, Arkansas 1,622 tons of agent destroyed

1999 | APG Pilot Plant Complex 2008 Newport Chemical Depot, Indiana
Aberdeen Proving Ground, Maryland 1,269 tons of agent destroyed

2001 | HD Distillation Facility 2010 Pine Bluff Chemical Activity, Arkansas
Rocky Mountain Arsenal, Colorado 3,851 tons of agent destroyed

2002 | Mustard (HD) Fill Facility 2011 Umatilla Chemical Depot, Oregon
Rocky Mountain Arsenal, Colorado 3,720 tons of agent destroyed

2003 | GB (Sarin) Production and Fill Facility 2011 Anniston Chemical Activity, Alabama
Rocky Mountain Arsenal, Colorado 2,254 tons of agent destroyed

2006 | Newport VX Production and Fill Facility 2012 Deseret Chemical Depot, Utah
Newport Chemical Depot, Indiana 13,617 tons of agent destroyed

2006 | Mustard Production, Distillation and Fill Ongoing | Pueblo Chemical Depot, Colorado
Facility 2,051 tons of destroyed as of end of FY2021
Aberdeen Proving Ground, Maryland (2,613 tons of agent was in stockpile at site)

2006 | Integrated Binary Production Facilities (DC, | Ongoing | Blue Grass Chemical Activity, Kentucky
QL and DF) 173 tons of destroyed as of end of FY2021
Pine Bluff Arsenal, Arkansas (523 tons of agent was in stockpile at site)
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4 Basic Types of Munitions and Containers

Chemical agents were used in many munitions and containers.

Bomb

Bomblet

Bomb Clusters, Generators, and Dispensers
Chemical Agent Identification Set
Grenade

Mine

Miscellaneous types

i. Candles

ii. Bulk Containers

iii. Cylinders

iv. Drone Weapon Systems

v. Drums

vi. Tanks

h. Mortar

i. Projectile

J. Warhead, Missile, and Rocket
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5 U.S. Marking System

The importance of color marking of ammunition to facilitate identification was recognized during WWI.
Subsequently, the United States painted and marked munitions with visual aids for identification of the
item and fill. Ammunition markings include a color code and stenciled or stamped markings, which
provide information necessary for complete identification of the ammunition (e.g., model, fill) (Office of
the Chief of Gas Service, 1918 p. M 1). The marking system for chemical munitions changed over time
(Department of the Army, 1969 p. 4). U.S. markings during WW!1 are provided in Table 4. Table 5 shows
the U.S. system of marking for chemical munitions from WWI through 1924, Table 6 covers 1925
through 1960, Table 7 covers 1960 to 1976, and Table 8 covers post 1976.

To identify a particular ammunition design, a model designation was assigned at the time it was classified
as an adopted type. This model designation became an essential part of the nomenclature and is part of the
marking of the item. Prior to WWI, the year in which the design was adopted (preceded by an M) was
used as the model designation; for example, M1914 (because chemical weapons were not developed until
WWI, this is not applicable to the munition but may apply to fuzes). From WWI to 1 July 1925, it was the
practice to assign mark numbers; that is, the word “mark”, abbreviated “Mk,” which was followed by a
Roman numeral. The first modification of a model was indicated by the addition of Ml to the mark
number, the second by M|, etc. However, the use of Roman numerals was discontinued, and all records
began using Arabic numerals (Kaye, 1978 p. M 146).

The present system of model designation consists of the letter “M” followed by an Arabic numeral, for
example, “M1.” Modifications are indicated by adding the letter “A” and the appropriate Arabic numeral.
Thus, “M1AL” indicates the first modification of an item for which the original model designation was
“M1” (Kaye, 1978 p. M 146). Wherever a “B” suffix appears in a model designation, it indicates an item
of alternative or substitute design, material, or manufacture (Kaye, 1978 pp. M-18). To continue with the
previous example, there is a 155-mm M105 shell and a modification designated M105B1. The M105
round had a flat base in the inner cavity; M105B1 had a hemispherical base. Certain items standardized
for use by both Army and Navy are designated by the letters “AN” preceding the model designation.

A munition with an “E,” “T,” or an “X” preceding the “M” or following the number designation indicates
that the munition is in development or experimental (Kaye, 1978 pp. M146-147) (U.S. Army Combined
Arms Support Command, 2011 pp. 3-4). When the experimental item has been modified, the letter (e.g.,
E, T, X) and the number of the modification are added to the end of the designation. For example,
XM67E2 would indicate the second experimental modification of XM67 (U.S. Army Combined Arms
Support Command, 2011 pp. 3-4).

Chemical munitions manufactured after WWI and before January 1961 follow the Five-Element Marking
System (U.S. Naval Ordnance Laboratory, 1968 pp. 2-4). Using this marking system, chemical munitions
are identified by a background color of gray and were circumscribed with one or two bands to indicate the
duration of effectiveness. One band circumscribed about the center of the munition indicated a
nonpersistent effect agent; two bands indicated a persistent effect agent (Department of the Army, 1969 p.
4). Green markings on a gray background signified toxic chemical agents, red markings indicated irritant
agents, purple indicated incendiaries, and yellow indicated smokes. A descriptive word such as gas,
smoke, or incendiary indicated the general nature of the agent. A chemical agent symbol (e.g., GB, VX,
HD) indicated the exact filling (Department of the Army, 1967 p. 21).
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In 1972, the military standard was modified again and brought more changes in color-coding. “Toxic
Chemical Agents” were coded with dark green bands and black markings instead of using green for
everything. “Riot Control Agents” were re-identified as “Irritants,” and black was used for markings
instead of red. White replaced light red for markings on smoke munitions containing WP and plasticized
white phosphorus (PWP) (Recovered Chemical Warfare Material Program, 2016).

In 1976, another change to the military standard occurred (Table 7). It introduced several changes which
simplified color-coding. All “Toxic Chemical Agents” were grouped together and color-coded as one type
of fill, without regard to toxicity or persistency. Chemical symbols were used to provide the exact
identification of a particular fill. “Riot Control Agents” (previously identified as “Irritant Agents™) and
“Incapacitating Agents” received similar treatment. Only one colored band was used for each type of fill,
whereas up to three colored bands had been used previously. This standard also applied to chemical
munitions manufactured or renovated after 6 May 1976. Since the manufacture of unitary chemical agents
and chemical munitions were terminated in 1968 this standard likely applies only to renovated munitions
containing unitary chemical agents. However, the United States began production of binary chemical
weapons in the 1980s, and in 1990, the United States agreed to end its production and that these would be
marked with the new standard (Recovered Chemical Warfare Material Program, 2016).

Table 4: U.S. Markings WWI

i i 1st 2nd 3rd i
Type of Fill Chemical Band Band Band Body Stencil
Nonpersistent DA Wh!te Nor_1e None | Gray SPECIAL GAS
(toxic and lethal) CG Wh!te Wh!te Nor_le Gray SPECIAL GAS
PD White White | White | Gray SPECIAL GAS
Semi-persistent PS None | Gray SPECIAL GAS
GAS (penetrative and suffocant) Yellow Gray SPECIAL GAS
White Gray SPECIAL GAS
Persistent Gray SPECIAL GAS
(lachrymatory and vesicant) I SPECIAL GAS
Gray SPECIAL GAS
Smoke Solid (WP) WP Yellow None None | Gray | SPECIAL SMOKE
Liquid (FM) FM Yellow | Yellow | None | Gray | SPECIAL SMOKE
Incendiary (e.g., thermite [Th.]) Th. Purple None None | Gray | SPECIAL INCEND
Notes:
BA - bromoacetone NC - chloropicrin and stannic chloride
CA - bromobenzyl cyanide PD - phosgene plus diphenylchlorarsine
CG - phosgene PG - chloropicrin plus phosgene
DA - diphenylchloroarsine (Clark I) PS - chloropicrin
FM - titanium tetrachloride Th. - thermite
HS - sulfur mustard WP - white phosphorous
Citations:

(American Expeditionary Forces, 1919 p. Figure 3; American Expeditionary Forces, 1919 p. 21; Fries, et al., 1921 p. 28;
Prentiss, 1937 pp. 116-117, 126-127, Table 1V)
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Table 5: U.S. Markings World War | through 1924

BA - bromoacetone
CA - bromobenzyl cyanide
CG - phosgene
CL - chlorine

DA - diphenylchloroarsine (Clark I)
FM - titanium tetrachloride
HS - sulfur mustard

KJ - stannic chloride
Citations: (American Expeditionary Forces, 1919 p. Fig 3; Prentiss, 1937 pp. 116-117, 126-127, Table 1V)

Type of Fill 3" Band Body Black Stencil
None Slate Gray SPECIAL-GAS/GAS
None Slate Gray SPECIAL GAS
CG White White None Slate Gray SPECIAL-GAS/GAS/C.G.
CL None None None Slate Gray Chlorine
DA White None None Slate Gray SPECIAL GAS/ GAS
FM Yellow Yellow None Slate Gray FM SMOKE/SPECIAL SMOKE
FS Yellow None None Slate Gray FS SMOKE
Slate Gray SPECIAL-GAS
KJ Slate Gray KJ
NC White Yellow Slate Gray GAS
PD White White Slate Gray SPECIAL GAS /GAS
PG White White Slate Gray SPECIAL-GAS
PS White None Slate Gray SPECIAL GAS/P.S.
SPECIAL INCENDIARY
Th. Purple None None Slate Gray THERMITE/Th.
VX White None None Slate Gray SPECIAL-GAS
SPECIAL-GAS/SMOKE/
WP Yellow None None Slate Gray SPECIAL — SMOKE/W. P.
Notes:

NC - chloropicrin and stannic chloride
PD - phosgene plus diphenylchlorarsine
PG - chloropicrin plus phosgene

PS - chloropicrin

Th. - thermite

VX - O-Ethyl S(2-diisopropylaminoethyl)
methylphosphonothioate

WP - white phosphorous

Table 6: U.S. Markings 1925 through June 1960

Fill 1%t Band | 2" Band | Body Stencil Citation
AC GAS (Prentiss, 1937; War Department, 1945 p. 7;
ACHCN el None ey or HCN Gas | Department of the Army, 1955 p. 66)
AS Green Green Gray AS (War Department, 1945 p. 155)
BA Green Green Gray BA GAS (Prentiss, 1937 p. Table 1V; War Department, 1945 p.
CA/BBC Gray CA GAS 128)
Green (Prentiss, 1937; Secretary of War, 1942 pp. 89, 111;
CG Green None Gray marking War Department, 1945 p. 111; Department of the
CG GAS | Army, 1955 p. 66)
Green (War Department, 1945 p. 5; Department of the
CK Green None Gray marking Army, 1955 p. 66)
CK GAS
Green (Prentiss, 1937; Secretary of War, 1942 pp. 88, 92;
CL Green None Gray marking War Department, 1945 pp. 88, 105, 130)
CL gas
CN None Gray CN GAS
CNB None Gray CNB GAS F()Sel%r;)tary of War, 1942 p. 93; War Department, 1945
CNC None Gray CNC GAS | (Department of the Army, 1955 p. 50)
CNS None Gray CNS GAS F(:)Seltgrle)tary of War, 1942 p. 93; War Department, 1945
DA None Gray DA GAS
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Table 6: U.S. Markings 1925 through June 1960

Fill 15t Band | 2" Band | Body Stencil Citation
DM None Gray DM GAS (llgrgn;g;) 1937; War Department, 1945 pp. 94-95,
ED Green Green Gray ED Gas (Prentiss, 1937; War Department, 1945 pp. 91, 127,
FM Yellow None Gray | FM SMOKE | 144-145)
FS Yellow None Gray | FSSMOKE
GB Green None Gray GB GAS (Department of the Army, 1955 p. 66)
(Prentiss, 1937; Secretary of War, 1942 p. 90;
HIHS i i Rl HorHSGAS Department of the Army, 1955 pp. 47, 66)
HC Yellow None Gray | HC SMOKE | (Prentiss, 1937; War Department, 1945 p. 146)
HD Green Green Gray HD GAS (Department of the Army, 1955 pp. 47, 66)
HS Green Green Gray HS gas (Secretary of War, 1942 p. 90; War Department, 1945
pp. 90, 122)
HN1 Green Green Gray HN GAS (Department of the Army, 1955 p. 47)
HT Green Green Gray HT GAS (Department of the Army, 1955 p. 48)
) L GAS or M-1 | (Prentiss, 1937; Secretary of War, 1942 pp. 91, 126;
LorM-1 (el Sl ey gas Department of the Army, 1955 p. 48)
MR Green Green Gray MR (War Department, 1945 p. 153)
NP Purple None Gray | NP INCEND. | (Department of the Army, 1955 p. 66)
PD Greed Green Gray PD Gas (War Department, 1945 p. 7)
PS Green Green Gray PS GAS (Prentiss, 1937; War Department, 1945 pp. 89, 116)
SA Green None Gray SA GAS (War Department, 1945 p. 5)
Th Purple None Gray | TH INCEND. g36re1ndtf|93)s 1937; Department of the Army, 1955 pp.
(Prentiss, 1937; War Department, 1945 p. 149;
WP velewy None Sy Department of the Army, 1955 p. 66)
PT1 Purple None Gray INCEND (Department of the Army, 1955 p. 66)
PWP Yellow None Gray
Notes:

AC/HCN - hydrogen cyanide/hydrocyanic acid

AS - asbestine suspension

BA - bromoacetone

CA/BCC - bromobenzyl cyanide/ bromobenzyl cyanide

CG - phosgene

CK - cyanogen chloride

CN - chloroacetophenone

CNB - chloroacetophenone solution (45% benzene + 10%
chloroacetophenone + 45% carbon tetrachloride)

CNC - chloroacetophenone solution (70% chloroacetophenone +

30% chloroform)

CNS - chloroacetophenone solution (38.4% chloropicrin + 23%

chloroacetophenone + 38.4% chloroform)
DA - diphenylchloroarsine (Clark 1)
DM - adamsite
ED - ethyldichloroarsine
FM - titanium tetrachloride

FS — sulfur trioxide and chlorosulfonic acid
GB - sarin

H — mustard

HC - zinc oxide and hexachloroethane

HD - distilled mustard

HN1 - nitrogen mustard (Ethyl)

HS — sulfur mustard

HT — distilled mustard and T-mixture

L or M-1 - lewisite

MR — molasses residuum

NP — napalm

PD - phosgene plus diphenylchlorarsine
PS — chloropicrin

PT1- oil and incendiary mixture/thickened fuel
PWP — plasticized white phosphorus

SA —arsine

Th. — thermite

WP — white phosphorous
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Table 7: U.S. Markings after 27 June 1960 through 1976

Type of Fill 1%t Band | 2" Band | 3" Band Body Stencil
(Ij}o;pisclstéa:rét%gé; s Green None None Gray ) }

. . . GAS,
Toxic Chemical Persistent Agents Green Green None Gray Chemical
Agents (Casualty) i (e.g., H, HD, HT) symbol

All Nerve Agents Green Green Green Gray
(e.g., GA, GB, VX)
Incapacitating Persistent Agents “GA.S”
A None Gray Chemical
gents (e.0.,BZ)
symbol
. Nonpersistent Agents “Riot,”
ig)etnfsontrol (e.g., CN, CNB, CS, None None Gray Chemical
DM) symbol
L . “Incendiary”
Incendiaries (e.g., Th.) None None None Light red Brevity Code
All except WP and . “Smoke”
PWP (e.g., FM, FS) None None None Light green Brevity Code
Smokes “Smoke”
WP and PWP None None None Light green “WP” or
“PWP”
Explosive High Explosive Yellow, this in an additional marking band on chemical munitions
Components Brown, this in an additional marking band on chemical munitions
Notes:
AC - hydrogen cyanide GA - tabun
BZ - 3-quinuclidinylbenzilate GB - sarin
CG - phosgene H - mustard
CK - phosgene oxime HD - distilled mustard
CN - chloroacetophenone HT - distilled mustard and T-mixture
CNB - chloroacetophenone solution (45% benzene + 10% PWP - plasticized white phosphorus
chloroacetophenone + 45% carbon tetrachloride) Th. - thermite
CS - 2-chlorobenzalmalononitrile VX - O-Ethyl S(2-diisopropylaminoethyl)
DM - adamsite methylphosphonothioate
FM - titanium tetrachloride WP - white phosphorous
Citations:
(Department of the Army, 1967 pp. 21-28; U.S. Naval Ordnance Laboratory, 1968 pp. 2-4)
Table 8: U.S. Markings 1976 and Later
Fill 1%t Band Body Stencil Citation
Toxic Chemical Agents Gray Dark Green | (Departments of the
Incapacitating Gray Violet Army, Navy, and Air
Riot Control Dark Red Gray Dark Red | Force, 1976 pp. 9-12;
Binary Nerve Agent Gray Dark Green | Department of Defense,
Smoke (WP) None Light Green 2009 pp. 23-24)
Smoke (other than WP) None Light Green Black
High Explosive Yellow band is applied when a HE burster is present
Low Explosive
Notes:

WP - white phosphorous
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6 Bomb

A bomb is a type of ammunition designed to be dropped from an aircraft in flight. It usually consists of a
metal container filled with explosives or chemicals, a device for stabilizing its flight so that it can be
aimed accurately, a mechanism for exploding the bomb at the target, and such safety devices as may be
necessary to make it reasonably safe to carry. The metal container, called the bomb body is usually
streamlined with a rounded (ogival) nose and a tapered tail. The stabilizing device is attached to the tail
end of the body prior to development and generally consists of a sheet metal fin assembly. The
mechanism for exploding the charge is called a fuze and is generally placed in the nose or in the tail end
of the body. Two or more fuzes are occasionally used in the same bomb for different effects: for
flexibility in use or to increase functioning reliability. Safety devices are provided in the fuze and are
protected by sealing wires, cotter pins, etc. An arming wire is substituted for the sealing wire and/or cotter
pin when the bomb is readied for use.
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6.1 Bomb, 30-pound, E2 Series, E4

Figures
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Figure 3: Bomb, 30-pound, E2 Series - Line Drawing, Top: E2R5 intact, Middle: E2R5, Bottom: E2
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Figure 4: Bomb, 30-pound, E2R5 - Photograph
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Specifications

Bomb, 30-pound, E2 Series, E4 Series

Bomb, 30-pound, E2 Series, E4 Series - Specifications and Other Data

Citation

Historical Name

Bomb, Chemical, 30-Ib. Air Burst, Expulsion Type E2, E4

1(p.5,16),2 (p. 1)

Developmental

E2, E4

1(p.5),5(p.1-2)

Information
Type Bomb 1(.1),2(p.1),3
(p-1),4,5(p, 1)
Size 30-pound 1(p.1),2(p.1),3
Diameter 5in. (12.7 centimeters [cm]) 2(p.3),5(p.2)
Length E2R5: Body: 16.75-17.5 in. (42.5-44.5 cm) 1,3(p.1-2),4,5
E4: Body: 16.75 (42.5 cm) (p.2,7)
Fuzed: 32 in. (81.2 cm)
Tail fin: 9.43 in. (23.9 cm)
E4R1: Body: 17.3in. (43.9 cm)
Width Tail fin: 6.5-7 in. (16.5-17.78 cm) 4,3

Wall Thickness

E2R5: 0.134 in. (0.34 cm)
E4: 0.187 in. (0.474 cm)
E4R1: 0.134 in. (0.34 cm)

1(p.5),3(p.2), 4,
5(p.7)

Other
Engineering
Data

Primer-detonator: MIIA, Mk. 11B, Mk. |

Weight, Empty:
E2R5: 18.3-26.3 pounds (Ib.) (8. 3-11.9 kilograms [kg])
E4: 34 pounds (15.4 kilograms)

1(p.3),3(p-1,4),
471 (p-2), 5 (p. 1-2),

Construction
Material

Forged steel or seamless steel tubing

1(p.5),3(p.2),5
(p-3)

Drawing

E2: BX14-1.2-8

E2R1: BX14-1.2-16

E2R2: BX14-1-1

E2R3: BX14-2-1

E2R4: BX14-2-3

E2R5: BX 14-2-5

E4: CX14-7-1, CX14-7-2D

E4R1: Detailed: CX14-7-4
Body: CX14-7-5D

1(p.1-2),2(p. 1),
3 (p. 1-2,6), 4 (p.
6-11, 16), 5 (p. 2)

General Use and Description

The E2 series of expulsion-type bombs were developed to replace the M1 chemical bomb and provide an
airburst at a predetermined height above ground surface (1 p. 1), 2 (p. 1). The expulsion-type bombs
provided a true trajectory when dropped from a plane at altitudes greater than 200 feet, impacted nose-on,
penetrated the ground until it came to rest after which it was expelled into the air to a predetermined
height where it burst and dispersed the chemical filling (4).

The E2 series of bombs were developed utilizing the 25-pound MK. I-E7 bomb (later designated, bomb,
chemical, 30-pound, M1). The E2 used the body of the empty MK. I-E7 modified so the expulsion charge
could be placed in the nose (1 p. 5-7). The E2R5 was redesigned to be better adapted to quantity
production and conformance to Ordnance Department and Air Corps requirements. The E2R5, as

redesigned, was designated “Bomb, Air-Burst, E4” (4 p. 16), (3 p. 1). The E4 was redesigned to increase
the filling capacity and redesignated E4R1 (3 p. 1).

The E4 and E4R1 bombs were designed so that the burster tube, primer detonators and fuzes could be
assembled to the bomb after it had been attached to the bomb rack of an airplane (3).
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Explosive Train

Upon impact with the ground the fuze causes the primer-detonator in the nose of’ the bomb to start
functioning. In the meantime, the bomb penetrated the ground until it came to rest, at which point the
primer-detonator caused the black powder expulsion charge to function which expelled the body of the
bomb into the air. The forces of the expulsion charge, in addition to forcing the bomb body upward,
actuated a firing which started the primer-detonator, contained in the bursting charge to function. The
bomb was caused to burst in the air at a predetermined height by the bursting charge which was set off by
the functioning of the primer-detonator contained therein (4 p. 6), (7 p. 1), (8).

Fuzing
Bomb, 30-pound, E2 Series, E4 Series - Fuzing
Fuze Notes Citation
M9 Nose. Rifle grenade fuze used in E2R4 4(p.911)
MK IIA Nose, primer-detonator, used in E2R5 4 (p.11)
MKV M1 Tail, used in E4 4 (attached drawing), 5 (p. 3, 5)
MK VIII Nose. Rifle grenade used in E2R1 and E2R2 4(p7
MK XIV Nose 4(.6),2(p-3),5(p-1),5(-3),7

Booster, Adapter-Booster, or Burster

Bomb, 30-pound, E2 Series, E4 Series - Booster, Adapter-Booster, or Burster

Type Explosive Weight Explosive Type | Notes | Citation

Unspecified burster | 0.18-0.19 Ibs. (0.081-0.086 kg) Tetryl - 4 (p.12),5(p. 3)

Unspecified booster | 0.19 Ibs. (0.088 kg) Tetryl E2R5 |2 (p.1)

Fills

Bomb, 30-pound, E2 Series, E4 Series - Fill Types and Weights

Chemical Fill Weight Gross Weight Notes Citation
Pounds Kilograms Pounds Kilograms

FM 102 45312 352 15.82 TE2 4 (p.6,7,12-13,
13.8-143 6.25-6.35° 47.7-483 32.63-21.7° | 2E2R1, E2R2 | 16), 3 (p. 4-5,7)
16* 7.25% 434 19.54 SE4

4 E4R1

HC 21.8 9.88 38.9 17.6 E2R5 1(p.5)

HS 7.934 3.59% 31.24 14.14 4 E2R6 2(p.1),6(p.2)
8.13° 3.68° 39.6° 17.9° SE2R5
11.6° 5.26° N/A N/A 6 E4R1

Simulant-HS | 5.93 2.68 32.2 14.6 E2R5 4 (p. 12)

WP 11.47 5.177 34.77 15.77 "E2R6 6 (p.2),7
16.88 7.628 44.8° 20.38 8 E4R1

Shipping/Packing

Available references did not provide this information.

Key Dates
Available references did not provide this information.

Sources

1. Davis, Captain M.H. and Woodberry, D.L. 1930. Report No. EATR 37, Development of Air-Burst Bomb
(Expulsion-Type). Chemical Warfare Service.
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N

. Brigham, C.E. 1930. Bomb, Aerial, General Design of, Chemical Filled. Chemical Warfare Service.

w

Type E2R5, H.S., Booster charge 88.4 grams of Tetryl. Engineering Division. 28 March.
4. Crawford, J.S. 1932. Memorandum to Chief, Chemical Warfare Service, Bomb, Chemical, 30-Ib., M-1.
Ordnance Department.

5. Davis, Captain M.H. and Woodberry, D.L. 1930. Report No. EATR 37, Development of Air-Burst Bomb
(Expulsion-Type). Chemical Warfare Service.

6. Sub-Committee on Bombs. 1931. Item 8925, Test of Bombs - Chemical Expulsion Type at Langley Field.

Ordnance Committee. 7 May.

. Brigham, C.E. 1930. Estimate for Bombs, Air Burst, Expulsion Type. Chemical Warfare Service. 3
December.

. Spragins, R.L. 1930. Memorandum to Chief of Infantry, Washington, D.C.: Expulsion Type, Air-Burst
Bomb. War Department. 28 October.

~

oo

January 2022

. Maclntire, R.G. 1930. Memorandum to: Chief, Engineering Division: Bomb, Chemical, 30-Ib. Experimental

33



U.S. Chemical Weapons and Related Materiel Reference Guide
Bomb, 30-pound, M1

6.2 Bomb, 30-pound, M1

Figures
I 32 inches |
b—— 22 inches |
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ARMING WIRE  SUSPENSION LUG FIN ASSEMBLY a
CASE
h T Fo .
FUZE BOOSTER FILL
SUSPENSION LUG
Figure 5: Bomb, 30-pound, M1 - Line Drawing
Figure 6: Bomb, 30-pound, M1 - Photograph
Specifications
Bomb, 30-pound, M1 - Specifications and Other Data Citation
Historical Name Bomb, Gas, Persistent, HS, 30-Pound, M1 1 (p. 86)
Type Bomb 1 (p. 86), 2 (p. 669)
Size 30-pound 1 (p. 86), 2 (p. 669)
Conflict WWII 2 (p. 669)
Diameter Body: 4.7 in. (12 cm) 3 (p. 105)
Length Overall: 32 in. (81 cm) 1 (p. 85), 3 (p. 105)
Body: 22 in. (56 cm)
Width Fin: 4.8-6.7 in. (12-17 cm) 1 (p. 85), 3 (p. 105)
Other Engineering Data | Wire, arming assembly, 82-3-234N was used. A single lug | 1 (p. 86-87)
was 7.85 inches from the base of the tail fin assembly and
10 inches from the nose.
Construction Material Seamless steel tubing 2 (p. 669), 3 (p. 105)
Drawing 82-0-20 1 (p. 86)
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General Use and Description

The 30-pound M1 chemical bomb was developed to meet the requirement for a bomb case strong enough
to withstand "safe dropping"” on normal soil from a height of 7,000 feet. It was intended to produce such
an irritating physiological effect upon enemy personnel to make them ineffective (1 p. 86), (2 p. 669).

The M1 bomb was made by swaging a length of seamless steel tubing to a streamlined shape, fully closed
at the tail end. A full-length burster well was assembled to the nose end of the body by means of pipe
threads that sealed the bomb against leakage of the filler. A full-length burster of tetryl was used.

The two authorized fills for the M1 were H and WP (1 p. 86-87), (2 p. 669).

Explosive Train
Available references did not provide this information.

Fuzing
Bomb, 30-pound, M1 - Fuzing
Fuze Note Citation
MK XIV Nose- used with MK 1B or MK 1IC instantaneous primer-detonator 1 (p. 86-87), 2 (p. 669),
3 (p.81)
Booster, Adapter-Booster, or Burster
Bomb, 30-pound, M1 - Booster, Adapter-Booster, or Burster
Type Explosive Weight | Explosive Type | Notes Citation
M100 Burster assembly | 0.26 Ibs. (0.12 kg) | Tetryl Used with H-fill 1 (p. 86), 3 (p. 43, 105)
M101 Burster assembly | 0.19 Ibs. (0.86 kg) | Tetryl Used with WP-fill | 1 (p. 86), 3 (p. 103)
Fills
Bomb, 30-pound, M1 - Fill Types and Weights
Chemical Fill Weight Gross Weight Notes Citation
Pounds Kilograms | Pounds Kilograms
CNS 9.86 4.47 32.0 14.5 Experimental | 3 (p. 104), 4
(chloroacetophe
none solution)
FM 11.7 5.31 Information Not | N/A - 5 (p. 14)
Available (N/A)
HS 8.31-9.00 | 3.76-4.08 29.1 13.1 - 1 (p. 86), 2 (p.
669), 4,5 (p. 14)
WP 12.3-13.2 | 5.57-5.98 32.7 14.8 - 1 (p. 87), 2 (p.
669), 4, 5 (p. 15)

Shipping/Packing

The M1 was packaged two per crate with two each of the Mk. X1V nose fuze, the MK. 11B primer
detonators, M101 booster, and the 82-3-234N arming wire assembly. Each bomb displaced 2.27 cubic
feet. Each M1 crate (including components) weighed 84 pounds if H/HS-filled or 90 pounds of WP-filled
(1 p. 87,107), (3 p. 103-105).
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Miscellaneous

This bomb was originally known as Bomb, Chemical, 25-1b, M1 but the designation was changed to
Bomb, Chemical, 30-Ib, M1 to better reflect the increase in weight due to design changes (6 p. 4).

Key Dates

Bomb, 30-pound, M1 - Key Dates

Activity Year | Notes Citation

Other 1923 | Ordnance Committee Meeting (OCM) 2705 (Approval of design | 6

and manufacture of 50 bodies)

Standardized | 1926 | OCM 5812, 5859 (Persistent gas-fill) 6,7

Standardized | 1928 | OCM 7209 (WP-fill) 7(.7)

Standardized | 1940 | OCM 15601, 15656 (M1 changed to Limited Standard) 9(p.7),10(p.9)
Sources

1. Secretary of War. 1942. Technical Manual, TM 9-1980, Bombs for Aircraft. War Department.

2. War Department. 1944. Technical Manual, TM 9-1904, Ammunition Inspection Guide. U.S. Government
Printing Office.

3. Chief of Ordnance. 1930. Technical Regulation, TR 1370-G, Miscellaneous Ammunition Bombs for
Aircraft TR 1370-G. War Department.

4. Office of the Commandant. 1932. Office of the Commandant, Maxwell Field Alabama, Memorandum to
The Chief of the Air Corps, Washington DC. Subject: Bomb Chemical, 30-Ib, M1 and Indorsements.
Air Corps Tactical School.

5. Bouder, N.M., & Powell, H.C. 1931. Approximate Average Weights of Fillings in Chemical Munitions.
Information Division.

6. Sub-Committee on Bombs. 1926. Ordnance Committee Meeting, OCM Item # 5812, Bomb, Chemical, 25-
Ib. MI — Standardization, and Designation Changed to “Bomb, Chemical, 30-1b, MI”. Ordnance
Committee.

. Sub-Committee on Bombs. 1928. Ordnance Committee Meeting, OCM Item # 7209, Standardization of 30-
Ib, Chemical Bomb MI with WP Filling. Ordnance Committee.

8. Finklestein, Leo. 1964. History of Research and Development of the Chemical Warfare Service in World
War 1l (1 July 1940 - 31 December 1945) Screening Smokes Part I11. Chemical Research and
Development Laboratories (CRDL).

9. Ordnance Committee. 1940. Ordnance Committee Meeting, OCM ltem # 15656, Bomb, Chemical, 30-Ib.
M46 and Fuze, Bomb, Nose, M108 — Clearance for Procurement and Classification as Standard, Read
for Record. February 29.

10. Ordnance Committee. 1940. Ordnance Committee Meeting, OCM Item # 15601, Bomb, Chemical, 30-Ib.
T2E1 with Fuze, Bomb, Nose, T21 — Classified as Standard; Bomb Designated Bomb, Chemical, 30-
Ib., M46; Fuze designated Fuze, Bomb, Nose, M108 — Bomb, Chemical, 30-1b., M1 — Reclassified
from Standard to Limited Standard. February 8.

~
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6.3 Bomb, 30-pound, M46, M46A2

Figures
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Figure 7: Bomb, 30-pound, M46 - Line Drawing

Figure 8: Bomb, 30-pound, M46 - Photograph
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Specifications

Bomb, 30-pound, M46, M46A2 - Specifications and Other Data Citation
Historical Name Bomb, Gas, Persistent, HS, 30-Pound, M46A2 1 (p. 89)
Developmental T2E1: M46 6(p.1,8)
Information Fuze T21: Fuze M108
Type Bomb 1 (p. 89), 2 (p. 669)
Size 30-pound 1 (p. 89)
Conflict WWII 2 (p. 669)
Service Air Force 2 (p. 669)
Diameter 5in. (13 cm) 3(p.33)
Length Body: 31 inches (79 cm) 1 (p. 88), 2 (p. 669,
With fuze: 32-34 inches (84-86 cm) 670), 3 (p. 33), 4
Tail: 7.3in. (18.5 cm)
Width Tail: 7in. (17.8 cm) 3(p.33)
Wall Thickness 0.0625 in. (0.1588 cm) (M46A1 and M46A2) 3(p.33)
Construction Material Body: sheet steel 3 (p. 33)
Tail: sheet steel, four vanes
Drawing 82-0-38 1(p.89)

General Use and Description

The M46 and M46A2 were intended to produce an irritating physiological effect upon enemy personnel
making them ineffective. It was also used for screening troop movements (1 p. 89, 90), (2 p. 669), (3 p.
32).

The M46 was standardized in 1940, replacing the M1 chemical bomb. It was a thin case bomb, cylindrical
in shape and made of sheet metal. The bomb had a lug on a band at the center of gravity and a lug welded
to the tail assembly.

The M46A2 was a modification of the M46. The modifications consisted of changes in fin assembly to
make it more stable in flight, and body construction. It was adapted for a nose fuze only. A suitable
closing plug was fitted to the adapter to keep the fuze and burster cavities free of foreign matter.

The M46A2 consisted of a sheet steel tube with a hemispherical sheet steel nose welded to the tube and a
male type base plate welded to the body (1 p. 89, 90), (2 p. 669), (3 p. 33), (4), (5 p. 87).

Explosive Train
Available references did not provide specific information on the explosive train.

Fuzing
Bomb, 30-pound, M46, M46A2 - Fuzing
Fuze Notes Citation
AN-M126A1 Nose - Replaced M108 5 (p. 87)
M108 Nose 1 (p. 89, 90), 2 (p. 669), 3 (p. 33), 6 (p. 8), 7 (p. 6)

Booster, Adapter-Booster, or Burster
Bomb, 30-pound, M46, M46A2 - Booster, Adapter-Booster, or Burster

Type Explosive Weight Explosive Type | Notes Citation

M3 Burster | 0.143 Ibs. (0.065 kg) | Tetryl The assembly was 30 inches long. 1 (p. 89, 90), 2

assembly Available references did not provide | (p. 669), 6 (p. 5)
weight information.
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Fills
Bomb, 30-pound, M46, M46A2 - Fill Types and Weights
Chemical Fill Weight Gross Weight Notes | Citation
Pounds Kilograms | Pounds Kilograms

HS 19.8-21.1 8.98-9.57 31.1-39.7 14.1-18.0 - 1 (p. 89-90), 2 (p. 669), 4,
5 (p. 87)

WP 28.1 12.8 39.7 18.0 - 1 (p. 90), 2 (p. 669), 3 (p.
33), 5 (p. 87)

Shipping/Packing

The M46A2 was packaged two per crate with two each of the M108 nose fuze, and the 82-3-234RA
arming wire assembly. Each bomb displaced 1.86 cubic feet. The M46A2 crate (including components)
weighed 102 pounds (1 p. 106-107).

Miscellaneous Information

Redesign of the M1 to create the M46 began with the T1E1 in 1931. This involved the change to a
cylindrical body design and a decrease in the mean thickness of the tube to allow an increase in the
chemical fill. This redesign also involved moving the suspension lug and redesign of the fin assembly to
work with the bomb racks in use at the time. In addition, the outer booster casing was eliminated (8 p. 2,
3).

The M46 -series was not well suited to the changes in aircraft design. The bombs were not space efficient
and were obsoleted. The empty stocks on hand or under manufacture when obsoleted in 1942 were no
M46, 205,675 M46A1, and 80,198 M46A2. About 3,200 additional bombs were being loaded with WP at
the time of the recommendation for obsolescence (9 p. 9).

Key Dates
Bomb, 30-pound, M46, M46A2 - Key Dates
Activity Year Notes Citation
Standardized 1940 OCM 15656, 15601 (M46, Persistent agent) 2 (p.669), 7 (p.7)
Obsoleted 1942 CCTC 586, OCM 18457 (M46, M46A1, and M46A2) 2 (p. 669), 9 (p. 10)
Sources

1. Secretary of War. 1942. Technical Manual, TM 9-1980, Bombs for Aircraft. War Department.

2. War Department. 1944. Technical Manual, TM 9-1904, Ammunition Inspection Guide. U.S. Government
Printing Office.

3. Chief of Ordnance. 1942. Technical Manual, TM 9-1984, Disposal of American and Allied Bombs and
Fuzes. War Department.

4. Aberdeen Proving Ground. 1942. Bomb Disposal Technical Data, 1064, Bomb Disposal Headquarters.
Department of the Army.

5. U.S. Navy Bomb Disposal School. 1944. United States Bombs and Fuzes, Pyrotechnics, Land Mines, Firing
Devices. Department of the Army.

6. Ordnance Committee. 1940. Ordnance Committee Meeting, OCM ltem # 15601, Bomb, Chemical, 30-Ib.
T2E1 with Fuze, Bomb, Nose, T21 — Classified as Standard; Bomb Designated Bomb, Chemical, 30-
Ib., M46; Fuze designated Fuze, Bomb, Nose, M108 — Bomb, Chemical, 30-Ib., M1 — Reclassified
from Standard to Limited Standard. February 8.
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7. Ordnance Committee. 1940. Ordnance Committee Meeting, OCM Item # 15656, Bomb, Chemical, 30-Ib.
M46 and Fuze, Bomb, Nose, M108 — Clearance for Procurement and Classification as Standard, Read
for Record. February 29.

8. Ordnance Committee. 1931. Ordnance Committee Meeting, OCM Item # 8932, Bomb, Redesign of Bomb,
Chemical, 30-1b., M1. May 21.

9. Ordnance Committee. 1942. Ordnance Committee Meeting, OCM Item # 18457, Bomb, Chemical, 30-Ib.
M46, M46A1, and M46A2 — Obsoletion Recommended. July 9.
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6.4 Bomb, 5-gallon/50-pound, LC-50
Figures
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Figure 9: Bomb, 5-gallon, LC-50 - Line Drawing

Figure 10: Bomb, 5-gallon, LC-50 — Photograph: E27R1 Cluster of Five LC-50 Bombs
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Bomb, 5-gallon, LC-50 — Specifications and Other Data Citation
Historical Name LC-50, 5-gallon Capacity, H-Filled 1(p.1)

Type Bomb -

Size 5-gallon/50-pound 1(p.1),2(p.2),3
Conflict WWII 1,2,3

Service Army 1(p.1)

Length 9.4in. (24 cm) 1(p.1)

Width 9.4in. (24 cm) 1(p.1)

Height 13.51in. (34 cm) 1(p.1)
Construction Material Tin plate 1(p.1)

General Use and Description

The LC-50 bomb was similar in dimension and structural characteristics to the British bomb, chemical,
aircraft, 65-pound, MKk. 1. The primary use of the LC-50 was as an antipersonnel weapon to produce
casualties. Tests of the LC-50 bomb determined that it was suitable for limited use by the Army Air
Forces in tactical applications that required heavy contamination of specialized ground targets to create
chemical barriers and traversal and occupational hazards (1 p. 3).

Five LC-50 bombs were clustered in the E27R1 cluster bomb with the E19R1 cluster adapter. The LC-50
bomb was a rectangular, thin tin plate can. Two corrugated stiffeners were located on the face of the can
to strengthen the can and act as a separator between the can and the drop bar of the bomb container in
which the bomb was carried. A charging hole with a screw cap and washer was provided in the top of the
can. (1, p. 1). The LC-50 was to be filled “only shortly before use” (1 p. 5).

The E27R1 cluster of LC-50 bombs was designed to be installed in vertical bomb racks (e.g., A-26, B-25,
B-24, and B-17 aircraft) (1 p. Inclusion), (5 p. 1).

Explosive Train

The LC-50 bomb is non-explosive and depends entirely upon force of impact to break the thin container
and disperse its contents over the target area (1 p. 2).

Fuzing
There was no fuze for this item.

Booster, Adapter-Booster, or Burster

There was no booster, adapter-booster, or burster for this item.

Fills
Bomb, 5-gallon, LC-50 — Fill Types and Weights
. Fill Weight Gross Weight .
Chemical Pounds Kilograms | Pounds Kilograms Citation
H 50 22.7 N/A N/A 1(p.2),2(p.2,8)

Shipping/Packing

Available references did not provide this information.
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Miscellaneous Information

Due to the fragile construction of the LC-50 case, extra care was required in filling, handling, and
transportation to prevent dents or other damage. Decontaminants increased corrosion of the LC-50;
therefore, close attention was required to prevent spilling of agent on the case. The LC-50 was not

standardized; it was considered an extra reserve and temporary expedient for limited tactical application.

(1p.4)

Key Dates
Available references did not provide this information.

Sources

1. Neuberg, Gustav Lt. Colonel. 1945. Report of the Army Air Forces Board, Test of Bomb, Chemical,
LC-50, 5-GAL. Capacity, H-Filled in E27R1 Cluster. ADB972784. Army Air Forces Board.

2. Technical Staff 9769 (TSU) CWS Mobile Unit. 1945. Mobile Unit Special Report, MUSR No. 2,
Assessment of Traversal Hazards by Standardized Methods. Chemical Warfare Service.

3. Technical Staff 9769 (TSU) CWS Dugway Proving Ground Mobile Unit. 1945. Dugway Proving Ground

Special Report, DPGSR No. 47, Low Altitude Dropping Tests of Modified M47A2 and M70 Bombs.

Chemical Warfare Service.
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6.5 Bomb, 100-pound, MK 42

Figures
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Figure 11: Bomb, 100-pound, MK 42 - Line Drawing

Figure 12: Bomb, 100-pound, MK 42 - Photograph, recovered (without fin)
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Specifications

Bomb, 100-pound, MK 42 - Specifications and Other Data Citation
Historical Name 100-Pound Chemical, Bomb MK 42 1 (p. 425)

Type Bomb 1 (p. 425)

Size 100-pound 1 (p. 425)

Conflict WWII 2

Service Navy 2 (p. 78)

Diameter 8in. (20 cm) 1 (p. 425), 2 (p. 79)
Length Overall: 39 inches (99 cm) 1 (p. 425), 2 (p. 79)

Body: 28 in. (71 cm)
Tail: 9.51in. (24 cm)

Width Tail: 11 in. (28 cm) 1 (p. 425)
Wall Thickness 0.17 in. (0.43 cm) 1 (p. 425), 2 (p. 79)
Other Engineering Data Tail: box-type, four-fin 2(p.79)
Lugs: 14 in. (35.6 cm) apart
Construction Material Body: steel tube 2(p.79)

Tail: sheet steel

General Use and Description

The MK 42 was for use against personnel and material (3 p. 91).

The steel tube was swaged aft. An adapter screwed into the nose and was threaded to receive the fuze. A
burster tube containing TNT ran the length of the bomb and screwed into the after end of the adapter. The
after end of the body was closed by a male base plate, which was threaded for the tail assembly to be
fitted. The bomb was filled through the nose. Suspension was by two lugs seven inches on either side of
the center of gravity or a single lug 180 degrees removed and at the center of gravity. The bomb had a
box-type, four-fin tail, secured by a locking nut (1 p. 425), (2 p. 79).

Explosive Train

The fuze used the rotor system of arming and would function on impact with water or denser medium if it
was dropped from a high enough altitude. Upon impact, the fuze function would initiate the burster
charge, split the bomb case, and disperse the filling over the area to be contaminated (1 p. 425).

Fuzing
Bomb, 100-pound, MK 42 - Fuzing
Fuze Notes Citation
AN-MK 219 Nose 1(p.425),2 (p.79), 4 (p. 63)
MK 119 - 2 (p.78,79)

Booster, Adapter-Booster, or Burster

Available references did not include information regarding boosters, adapter-boosters, or bursters for this
item.

Fills
Bomb, 100-pound, MK 42 - Fill Types and Weights
Chemical | Fill Weight Gross Weight Notes Citation
Pounds | Kilograms | Pounds | Kilograms
H 40.5-43.0 | 18.3-19.5 86.5-92.0 | 39.2-41.7 - 1 (p. 425), 2 (p. 79), 4 (p. 62)
HE 75.0 34.0 N/A N/A TNT 2(p.79
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The bomb was shipped with two lug protectors (4 p. 62).

Key Dates
Bomb, 100-pound, MK 42 - Key Dates
Activity Year Notes Citation
Obsoleted 1952 CCTC 2503 (H-fill) -
Sources

1. Bureau of Ordnance. 1947. Ordnance Pamphlet, OP 1664 (Vol. 1), U.S. Explosive Ordnance. Department of

the Navy.
2. Chief of Ordnance. 1942. Technical Manual, TM 9-1984, Disposal of American and Allied Bombs and

Fuzes. War Department.
3. U.S. Navy Bomb Disposal School. 1944. United States Bombs and Fuzes, Pyrotechnics, Land Mines, Firing

Devices. War Department.

4. Bureau of Ordnance Publication. 1944. NAVORD Ordnance Data, OD 5603, Complete Round Chart for
Aircraft Bombs. July. Department of the Navy.
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6.6 Bomb, 100-pound, Cube, E132
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Figure 13: Bomb, 100-pound, Cube, E132 - Line Drawing

Figure 14: Bomb, 100-pound, Cube, E132 - Photograph, Model
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Specifications

Bomb, 100-pound, Cube, E132 - Specifications and Other Data Citation

Historical Name Bomb, Gas, Nonpersistent, GB, 100-Pounds, E132 1 (p. 4-20)

Type Bomb 1 (p. 4-20)

Size 100-pound 2 (p. 4-21)

Conflict Cold War 1 (p. 4-20)

Service Air Force, Navy 1 (p. 4-20), 2 (p. 4-21)
Length 14 in. (35.5 cm) 1 (p. 4-21), 2 (p. 4-22)
Width 14 in. (35.5 cm) 1 (p. 4-21), 2 (p. 4-22)

Fins: 1.5 in. (3.8 cm); diagonally opposed
Height 13in. (33 cm) 1 (p. 4-21), 2 (p. 4-22)

General Use and Description

The E132 100-pound bomb was designed to disseminate chemical agents from aircraft (1 p. 4-20),
(2 p. 4-21).

The E132 was a compact munition designed with maximum performance and payload weight per total
systems weight. It provided the greatest area coverage consistent with the potential of the agent (e.g., GB,
VX) employed. This inferred widely dispersed multiple source points, and an efficient agent
dissemination through improved fuzing and burster system. Self-dispersion was accomplished by driving
vanes on the cube body to provide spin during flight. The fuze system could be set for air or ground burst.

The E132 could be dropped from aircraft using Boeing-Hays (XMC-1) dispensers carrying 72 bombs
(1 p. 4-20), (2 p. 4-21, 4-22).

Explosive Train

The electric fuze functioned at either airburst or upon impact. When the fuze functioned, the burster was
initiated breaking the shell and disseminating the agent (2 p. 4-21, 4-22).

Fuzing
Bomb, 100-pound, Cube, E132 - Fuzing
Fuze Note Citation

Not designated Proximity - When using a GB-fill, a new fuze or a compromise fuze could | 1 (p. 4-20)
be used. No further details were provided in available references.

Booster, Adapter-Booster, or Burster

Bomb, 100-pound, Cube, E132 - Booster, Adapter-Booster, or Burster
Type Explosive Weight | Explosive Type | Notes Citation
Not designated | N/A N/A Electric fuze burster with a 1.75-inch | 2 (p. 4-22)
diameter. Available references did
not provide weight information.

Fills
Bomb, 100-pound, Cube, E132 - Fill Types and Weights
Chemical | Fill Weight Gross Weight Notes | Citation
Pounds | Kilograms Pounds Kilograms
GB 70.0 317 125 56.7 - 1 (p. 4-20, 4-21), 2 (p. 4-22)
VX 70.0 317 125 56.7 - 1 (p. 4-20, 4-21), 2 (p. 4-22)
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Shipping/Packing

Available references did not provide this information.

Miscellaneous Information

The E132 was designed for use in the XMC-1 dispenser, which carried 72 each E132 bombs (1 p. 4-20,
4-21), (2 p. 4-22). The development history is described in CMLC project 4-04-15-032-08.

Key Dates
Available references did not include information regarding key dates for this item.

Sources

1. Naval Ordnance Laboratory. 1963. NAVWEPS Ordnance Pamphlet, OP 3142, Characteristics of Biological
and Chemical Munitions and Delivery Systems (U). Department of the Navy.

2. Bureau of Naval Weapons. 1961. NAVORD Report 6954, Fourth Consolidated Report of BW/CW Study
(U). Department of the Navy.
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6.7 Bomb, 100-pound, M47 Series, AN-M47 Series
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Figure 15: Bomb, 100-pound, M47 Series, AN-M47 Series - Line Drawing
Figure 16: Bomb, 100-pound, AN-M47A2 - Photograph, Cutaway View
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Figure 17: Bomb, 100-pound, M47A2 - Photograph

Specifications

Bomb, 100-pound, M47 Series, AN-MA47 Series - Specifications and
Other Data

Citation

Historical Name Bomb, Chemical, Incendiary, or Smoke, 100 Pound,
T6EL, M47, M47AL, M47A2, M47A2C, M4TA3,
M47A3C, M47A4, AN M47A2, AN M47A3, AN

1 (p. 671-676), 2 (p. 432), 3 (p. 35,
37,38), 4 (p. 4-22), 5 (p. 126, 127),
6 (p. 93), 7 (p. 10, 11, 35, 36), 8 (p.

AN-M47A2: 8.12 in. (20.6 cm)
AN-MA47A3, AN-M47A4: 8.5 in. (21.6 cm)
AN-M47A3C: 8 in. (20.3 cm)

M47, M47AL: 8.0-8.1 in. (20.3-20.6 cm)
M47A4: 8.1 in. (20.6 cm)

M47A4 8, 30), 9 (p. 32, 33), 10 (p. 91, 84,

94), 11 (p. 10-12), 12 (p. 46), 13 (p.
33), 14 (p. D1, D2), 15 (p. 2)

Developmental T6EL 13 (p. 33), 14 (p. D1)

Information

Type Bomb 1 (p.671), 2 (p. 432), 3 (p. 35)

Size 100-pound 1 (p.671), 2 (p. 432), 3 (p. 35)

Conflict WWwiII 1,59

Service Air Force, Army, Navy 1(p.671),2 (p. 433),3 (p. 4), 4 (p.
4-22), 5 (p. 127), 7 (p. 10, 11, 35,
36)

Diameter AN-M47A1: 8.12 in. (20.6 cm) 1 (p. 671, 674), 2 (p. 432), 3 (p. 53),

6 (p. 93), 9 (p. 33), 10 (p. 91, 94),
11 (p. 10-12), 12 (p. 46), 16 (p.
106), 17 (p. 49), 18 (p. 33)

Length Body: M47A1:32.8in. (83.3cm)
AN-M47A2: 39 in. (99 cm)

Tail: AN-M47:12.9in. (32.8 cm)
AN-M47A2: 12.9 in. (32.8 cm)
M47A1:12.9in. (32.8 cm)
M47A3: 15.9in. (40.8 cm)

Overall: AN-M47A2: 48.9 in. (124 cm)

AN-M47A3, AN-M47A4:52.6 in. (134
cm)

AN-M47A3C: 51.9 in. (132 cm)
AN-M47A4:51.7 in. (131 cm)

M47: 49-51 in. (124-129 cm)

M47A1 unfuzed: 45 in. (114 cm)
M47A1, fuzed: 48 in. (121 cm)
M47A4:52.6 in. (134 cm)

1(p. 671,673 -676), 2 (p. 432), 3
(p. 36, 38, 53, 55), 4 (p. 4-23), 6 (p.
93), 7 (p. 10, 11, 35, 36), 9 (p. 33),
10 (p. 91), 11 (p. 10-12), 12 (p. 46),
16 (p. 106), 17 (p. 49), 18 (p. 33),
19, 20 (p. 31, 41)

Width Tail: AN-M47A2 10.9 in. (27.7 cm)
AN-M47A4: 11 in. (28 cm)
M47A1, M47A2:10.9 in. (27.7 cm)

2 (p. 432), 6 (p. 93), 9 (p. 33), 18 (p.
33), 21
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Bomb, 100-pound, M47 Series, AN-MA47 Series - Specifications and Citation

Other Data

Wall Thickness M47:0.03 in. (0.07 cm) 1 (p. 674), 2 (p. 432), 3 (p. 38), 5
M47A1: 0.05-0.06 in. (0.12-0.15 cm) (p. 127), 6 (p. 93), 9 (p. 33), 10 (p.
AN-M47A2: 0.06 in. (0.15 cm) 91, 94), 16 (p. 106)

Construction Tube made of sheet steel with a longitudinal seam 2 (p. 432), 3 (p. 36), 4 (p. 4-22), 9

Material weld with nose and rear welded on. (p. 33), 10 (p. 91, 94), 13 (p. 33), 17

(p- 49)

Other Cluster adapter: M24 (T19), holds 4 to 6 AN-M47 5 (p. 127)

Engineering Data | Cluster adapter: M22 (T9), holds 4 An-M47

Drawing AN-M47A3 (PWP-fill): 82-0-80 4 (p. 4-23), 7 (p. 10, 11, 35, 36), 11
AN-M47A4 (PWP and WP-fill): 82-0-80 (p. 10-12)

AN-M47A3 (NP-fill): C14-5-651
AN-M74A4 (PT1 fill): C14-5-651
Specification AN-M47A3 (PWP-fill) 7 (p. 11, 35, 36)
AN47A4 (PWP-fill): MIL-F-10746
AN-M74A4 (PT1 fill): MIL-B-10746
Federal Stock AN-M47A3 (NP-fill): 1325-219-8525 7 (p. 10, 11, 35, 36)
Number (FSN) AN-M47A3 (PWP-fill): 1325-219-8507
AN-M47A4 (PT1 fill): 1325-219-8563
AN-M47A4 (PWP-fill): 1325-219-8508
AN-M47A4 (WP-fill): 1325-219-8509
National Stock AN-M47A3 (PWP-fill): 1325-00-219-8507 8 (p. 30)
Number (NSN) AN-M47A4 (PWP-fill): 1325-00-219-8508
AN-M47A4 (WP-fill): 1325-00-219-8509

General Use and Description

The M47 series of bombs was developed to meet the requirements of the Air Force for a chemical bomb
for “bombardment” purposes. It was a thin case bomb whose design and construction was such as to
provide maximum efficiency after release from the bomb bay of the plane. The 100-pound smoke and the
100-Ib. incendiary bombs are similar in outward appearance and in many details, the chief differences
consisting of their chemical fillings, their functioning, and their use (1 p. 671, 674, 676) (11 p. 10-12)
(22).

The 100-pound AN-M47 series included the AN-M47A2, which could be filled with H, WP, or gasoline
gel; the M47A2 Gas, Chemical, Smoke, or Incendiary; the M47A1 Gas, Smoke, or Incendiary; the M47
Chemical; the AN-M743A Incendiary; and the AN-M47A4 incendiary.

The bodies of these bombs were made of 1/32-inch sheet metal rolled and lap welded into a cylindrical
shape eight inches in diameter. The nose was hemispherical and welded to the body as was the box-type
tail fin assembly that formed the tail taper of the bomb body. The burster well was screwed into the bomb
body by means of pipe threads to make a gastight seal at the nose. It was held in place at the tail of the
bomb body by an attached cone in the inner side of the fin assembly. It was internally threaded to receive
a sleeve that had a groove in its lower portion to seat the fuze, which was pressed in place. The pipe
threads were coated with either white lead-in-oil, red lead-in-oil, or varnish shellac before the burster was
inserted to make a leak tight joint. Around the bomb body were two suspension bands 14 inches apart,
which provided suspension lugs for horizontal suspension. One blade of the fixed box-type tail assembly
was in line with the suspension lug.

The M47A1 bomb was designed to replace the 100-pound M47. The 100-pound M47 was found to have
too thin a wall section, and in handling and storage, it developed leaks due to corrosion and rough
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treatment. Consequently, the wall thickness was increased from 1/32 inch to 1/16 inch, and the case was
protected by coating inside with acid proof black paint. However, H was still found to leak from the bomb
case and the only standard fills were WP and PT.

The M47A2 bomb was designed to be able to receive the chemical filler H without leaking. It was coated
on the inside with a special oil that proved, in theoretical tests, to be resistant to filler pressure having a
resistance of 350-pound pressure. It did not differ from the 100-pound M47A1 in any appreciable way. It
was found; however, that this bomb was also subject to leaking, but not to such an extent as its
predecessors. H was still to be loaded into this bomb as a temporary emergency filler. It could also be
filled with HD, WP, gelled gasoline, or NP.

The M47A2C Chemical Bomb added a vent plug near the nose to allow release of gas pressure built up
during storage and had sharper threads on the fuze adapter to prevent leakage. At a later date, a model
with the welded fin increased three inches in length in order to provide greater stability in flight was
designated the M47A3C. Subsequently, for a version designated the M47A4C, the thickness of the
suspension lugs was increased from 0.15 to 0.30 inches and a phenolic protective coating was prescribed
for the interior of the bomb to increase storage life (1 p. 671, 674, 676), (2 p. 432), (3 p. 53, 54), (4 p. 4-
22), (9 p. 33) (14 p. D1) (18 p. 33).

Explosive Train

On impact, the striker would be forced inward, which would shear the shear wire and bring the firing pin
into the detonator. The detonator consisted of priming mixture, lead azide, and tetryl. When detonated it
sent a wave to the burster charge of tetryl or black powder in the burster casing. The burster split the shell
and the chemical filler was spread (1 p. 670), (3 p. 75), (5 p. 127), (7 p. 10, 11, 35, 36), (11 p. 10-12).

Fuzing
Bomb, 100-pound, M47 Series, AN-M47 Series - Fuzing
Fuze Notes Citation
AN-M126 Preferred over the M108 6 (p. 93), 12 (p. 46), 19, 22 (p. 179)
AN-M126A1 | Preferred over the M108 2 (p. 432), 3 (p. 133), 4 (p. 4-23), 5 (p. 177), 6 (p- 93), 7 (p.
10, 11, 35, 36), 12 (p. 46), 17 (p. 49), 19
AN-M147 - 2 (p. 432), 5 (p. 183)
AN-M159 Nose- preferred for incendiary fill | 3 (p. 36, 133), 4 (p. 4-23), 7 (p. 10, 11, 35, 36), 11 (p. 10-12)
M108 Nose 1 (p. 671, 676), 2 (p. 432), 3 (p. 131), 5 (p. 127), 9 (p. 32), 10
(p. 91, 95), 14 (p. D2)
M126 Nose 1 (p. 676), 2 (p. 432), 5 (p. 127), 6 (p. 93), 9 (p. 33)
M126A1 - 9 (p. 33), 17 (p. 49)
M159 M126ALl in development 2 (p. 432), 17 (p. 49)

Booster, Adapter-Booster, or Burster

Bomb, 100-pound, M47 Series, AN-M47 Series - Booster, Adapter-Booster, or Burster

Type Explosive Weight | Explosive Type Notes Citation
AN-M12 1.1 Ibs. (0.50 kg) | 50% black powder | Used for PWP-filled AN- | 2 (p. 432), 3 (p. 131, 133,
Burster 50% magnesium M47A4, IM-filled AN- 137), 7 (p. 10, 11), 11 (p.

M47A2 and AN-M47A3 | 3-9), 15 (p. 2), 17 (p. 49)
and NP-filled AN-M47A2
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Bomb, 100-pound, M47 Series, AN-M47 Series - Booster, Adapter-Booster, or Burster

(0.59-1.09 kg)

Type Explosive Weight | Explosive Type Notes Citation

AN-M13 0.13-0.15 Ibs. TNT and tetryl Used in conjunction with | 2 (p. 432), 11 (p. 3-10),

Burster (0.06-0.07 kqg) pellets igniter AN-M9 (WP or 15 (p. 2), 17 (p. 49), 22
NP) in AN-M47A2, AN- | (p. 179)
M47A1 AN-M47A3, or
AN-M47A4 incendiary
bombs

AN-M18 N/A N/A Used with WP or PWP-fill | 3 (p. 54, 133, 137), 11 (p.
in AN-M47A4 10-12)

AN-M20 N/A N/A Used with WP or PWP-fill | 3 (p. 54, 133, 137), 4 (p.
in AN-M47A4 4-23), 7 (p. 35, 36), 11 (p.

10-12)
M4 Burster 1.3-2.4 Ibs. 1-inch tetryl pellets | Used for WP or H-fill in 1 (p. 671), 2 (p. 432), 6

the M47A1 and the
M47A2. Authorized for
high altitude bombing in
the M47A2 smoke bomb

(p. 93), 9 (p. 33), 10 (p.
91), 19 (p. 582), 20 (p.
56), 22 (p. 179, 251)

(0.45-0.91 kg)

MA4E1 Burster | N/A N/A Used for PWP-filled 15(p. 1)
M47A2 and M47A3
M7 Burster 1-2 Ibs. Black powder Used in AN-M47A2 with |1 (p. 674), 2 (p. 432), 6

WP-fill

(p. 93), 10 (p. 95), 19 (p.
582), 22 (p. 179)

M12 Burster | N/A Magnesium Used in AN-M47A2 5 (p. 127), 6 (p. 93), 16
powder and black (p. 107)
powder

M13 Burster | N/A TNT and WP Used in AN-M47A2 5 (p. 127), 6 (p. 93)

M18 Burster

0.6 Ibs. (0.27 kg)

Black powder

Authorized for low-
altitude bombing. Used in
the M47A2 smoke bomb

2 (p. 432), 4 (p. 4-23), 22
(p. 179)

M20 Burster

0.87 Ibs. (0.39 kg)

0.75-inch tetryl
pellets

Required for PWP-fill in
the AN-M47A4 incendiary
bomb

2 (p. 433), 5 (p. 127)

Fills

Bomb, 100-pound, M47 Series, AN-MA47 Series - Fill Types and Weights

Chemical | Fill Weight Gross Weight Notes Citation

Pounds |Kilograms |Pounds |Kilograms

AC 37.5 17.0 N/A N/A Experimental fill for M47A1 |41 (p. 2)

AS N/A N/A N/A N/A Training 23 (p. 86, 87, 88)

CNS 80.0 36.3 N/A N/A Experimental fill, for M47A2 |42 (Appendix C-3)

Gasoline |39 17.7 49 22.2 Used in M47 and M47A2. 22 (p. 243)

liquid or

solid*

H 68.5-73.0 | 30.8-33.1 |92.8-102 |42.1-46.2 |Not to be used in M47A1 1 (p. 674, 676), 2 (p.
432),7 (p- 1), 9 (p.
33), 10 (p. 91), 12 (p.
46), 13 (p. 33), 14 (p.
D2), 19, 22 (p. 178)

HD 66.7-71.0 | 30.3-32.2 | 95.6-98.5 |43.4-44.7 | Used in M47A2 7 (p. 2), 12 (p. 46), 14
(p. D2), 24 (p. 1, 2),
25 (p. 36)

HL N/A N/A N/A N/A Experimental fill for M47A2 |15 (p. 30), 26 (p. 43)

HN N/A N/A N/A N/A Experimental fill for M47A2 |43
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Bomb, 100-pound, M47 Series, AN-M47 Series - Fill Types and Weights
Chemical |Fill Weight Gross Weight Notes Citation
Pounds |Kilograms |Pounds |Kilograms
HP [HD & |66.4-70.9 | 30.1-32.2 |91.5-100 |41.5-45.4 |Experimental fill for M47A2 |24 (Appendix)
WP]
IM 40.0-47.0|18.1-21.3 |61.0-67.2|27.6-30.5 |Experimental fill for M47, 2 (p. 432), 3 (p. 36,
M47A1, and M47A2 131), 6 (p. 93), 16 (p.
41), 17 (p. 49), 20 (p.
41), 27
L N/A N/A N/A N/A Experimental fill, for M47A2 | 15 (p. 30), 26 (p. 43)
NP 40.0-47.0|18.1-21.3 |60.0-68.6 | 27.1-31.1 |Fill for M47, M47A1, 2 (p. 432), 3 (p. 36,
M47A2, AN-M47A2, AN-  |131, 133), 7 (p. 10),
M47A3, and AN-M47A4 16 (p. 41), 17 (p. 49),
bombs. 30
PT1** 40.0-65.0 | 18.1-29.4 | 85.0-90.0 | 38.5-40.8 | Fill for M47, M47A1, AN- |1 (p. 674, 676), 3 (p.
M47A2, AN-M47A3, and 8,131), 7 (p. 11), 10
AN-M47A4 bombs. (p-94)
PWP 74.0-75.0 [ 33.5-34.0 |105 47.6 Required the M20 burster. 2 (p. 433), 3 (p. 53,
133), 4 (p. 4-23), 7
(p. 35, 36)
WP 68.5-103 |31-46.7 98-131 |44.4-59.4 |Used in the M47A1 and 1 (p. 676), 2 (p. 432),
M47A2 smoke bombs. 3 (p. 54, 133), 4 (p. 4-
23), 6 (p. 93), 7 (p.
35, 36), 19, 22 (p.
179)
* Used brevity code GA, which is the same as tabun and not repeated here.
**PT1 described as “incendiary mixture,” “gasoline and rubber,” “gasoline gel,” or “oil gel” in cited references.

Shipping/Packing

When shipped filled, this bomb was packed one per wooden box, which weighed between 118 and 179
pounds depending on fill, without fuze, arming wire or burster charge. When shipped unfilled, they were
packed two per crate at a weight of 82 pounds per crate (1 p. 674), (3 p. 133), (7 p. 10, 11, 35, 36), (8 p.
30), (10 p. 106, 107), (11 p. 10-15), (22 p. 257).

Miscellaneous Information

The M47, M47A1, AN-M47A2, AN-M47A3, and AN-M47A4 bombs could be loaded with an incendiary
filler of rubber and gasoline in the field. The base filling was gasoline supplemented by one of four
different incendiary ingredients as follows:

1. LA-60. Consisted of crude latex or sap in combination with caustic soda, coconut oil, and water.

2. Crepe rubber. This is crude latex but was reduced to a solid by precipitation and kneading.

3. LA-100. This is crude latex dried until it was approximately 100 percent solid.

4. Smoked rubber sheets. This is crude latex which had been dried over a smoky fire until it was
approximately 100 percent solid.

The CWS experimented with a solution of WP in HD with carbon disulphide fill (carrying the code: HP).
The HP fill was between 66 and 70 pounds per bomb.

In 1942, it was recognized that the HS-filled M47A2 were subject to leakage. However, the need for these
bombs was such that they continued to be filled until the M70 (T1) became available in sufficient

quantity.
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In 1946, the authorization for Bombs, Chemical, 100-Ib., HL [mustard-lewisite mixture] & L, M47A2 was
canceled with no stocks in storage. Filling with L was never authorized, and HL was an experimental fill
(1 p. 674, 676), (25 p. 43), (29 p. 3, 4), (30 p. 11-2).

In 1949, there were 1,122 H-filled M47A2; no H-filled M47A2C or M47A3C; no PWP or WP-filled
M47A4, 24 WP-filled M47A2 bombs; and 32 WP-filled M47A1 bombs on hand. In 1950, the H-filled
bombs were obsoleted with none on hand and the M70 series was the preferred munition in this weight
with the M113 being a substitute standard.

As of 1950, it was reported that only the M47A1 and M47A2 models were produced in quantity, total of
539,727 units being filled during the years 1942 to 1945 (1 p. 674, 676), (14 p. D2), (26 p. 43), (28), (29
p. 46, 47), (30 p. 95, 96).

Key Dates
Bomb, 100-pound, M47 Series, AN-MA47 Series - Key Dates
Activity Year | Notes Citation
Military Characteristics | 1937 | OCM 14005 31 (p. 14, 15)
Standardized 1940 | OCM 16142 and 16059 (HS-fill standard for M47) 13 (p. 33), 32 (p.
1)
Obsoleted 1942 | CCM 19111 (M47A1) 32 (p.2)
Standardized 1942 | OCM 19111 (M47A2) 32(p.2,4)
Standardized 1942 | OCM 19301 (Continue H-filling of M47A2 until M70 29 (p. 49)
available, then restrict to WP or incendiary fill)
Standardized 1943 | CCTC 803 (incendiary bombs M47, M47A2, M47A1) 33 (p 240)
Standardized 1943 | CCTC 881 (WP-fill Standard) 34 (p. 92)
Standardized 1945 | CCTC 1461 (HD-fill Standard and HS-fill Limited 35 (p. 136)
Standard for M47A2C and M47A3C)
Standardized 1945 | CCTC 1348 (IM- and NP-fill Standard for M43A3; 23 (p. 88)
M47A2 Limited Standard)
Obsoleted 1946 | CCTC 1601 (AS-fill) 26 (p. 43)
Obsoleted 1946 | CCTC 1672 (HL & L-fill for the M47A2) 17 (p. 51)
Standardized 1946 | CCTC 1673 (IM and NP-fill Standard for M47A4) 36 (p. 64)
Standardized 1946 | CCTC 1565 (PWP-fill Standard for M47A2) 37 (p. 54, 55)
Standardized 1946 | CCTC 1988 (PT1-fill Standard for M47A4; IM and NP- | 14 (p. D1-D4)
fill reclassified as Substitute Standard)
Obsoleted 1950 | CCTC 2085 (HD-fill for M47A4; H-fill for M47A2, 38 (p. D1)
M47A2C, and M47A3C)
Obsoleted 1952 | CCTC 2527 (WP-fill for AN-M47A1 and AN-M47A2) 33 (p. 240)
Obsoleted 1956 | CCTC 3193 (IM and NP-fill AN-M47A3 and AN- 17 (p. 49)
M47A4)
Substitute Standard 1957 | CCTC 1673 (NP-fill AN-M47A3) 39 (p. 106, 107)
Standardized 1958 | CCTC 3408 (PT1-fill for M47A3- Standard-Air Force, 40 (p. 213)
PWP-fill for M47A4- Standard-Air Force, NP-fill for
M47A3-Ltd Standard-Air Force, and WP-fill for M47A4-
Ltd Standard-Air Force)
Standard Modernization | 1959 | CCTC 3525 (NP and PWP-fill for M47A3- Standard-C- 13 (p. 33), 32 (p.
Air Force, WP-fill for M47A4 - Standard-C-Air Force) 1)

Sources
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Printing Office.
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6.8 Bomb, 115-pound, E46 Series

Figures
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Figure 18: Bomb, 115-pound, E46 Series - Line Drawing

Figure 19: Bomb, 115-pound, E46 Series - Photograph — Simulated, Top: Intact, Bottom: Cutaway View
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Bomb, 115-pound, E46 Series

Bomb, 115-pound, E46 Series - Specifications and Other Data Citation
Historical Name 115 Pound Bomb, Chemical, E46, E46R1 1(p.1),2(p.0)
Type Bomb 1(p.1),2(p.2),3(p.10,11),4 (p.1)
Size 115-pound 1(p.1,10),2(p.2),4(p. 1)
Conflict Post WWII 2,3
Service Army 1
Diameter Body: 8 in. (20.3 cm) 1(p.2)
Burster: 3in. (7.6 cm)
Length Body: 33.75 in. (85.7 cm) 1 (p. 2, Figure 1)
Body, with tail support: 35.25 in. (89.5 cm)
Overall: 51.5 in. (131 cm)
Burster: 32 in. (81.2 cm)
Width Tail fin: 11-12.5 in. (27.9-31.75 cm) 1 (Figure 1)
Other Engineering | The agent to burster ratio of the E46R1 from 4(p. 1)
Data the E46 was increased to 5:1.

General Use and Description

The development of the E46 was undertaken to determine the effectiveness of the 115-pound chemical
bomb (M70) as a munition for the dispersal of G-agents and to gain fundamental knowledge of the agents

in the field (2 p. 1).

The E46R1 bomb was a 115-pound GB or GA bomb. It used the same casing as the M70 bomb fitted with
an experimental burster. The bomb was nose-fuzed with a modified M103A1 for static firing. Field test
111 was conducted in 1948 to determine whether the E46R1 chemical bomb was suitable for dispersing
GB. For field test 111, the E46 was fitted with an experimental burster, which gave an agent to burster

ratio of 5:1, and was designated E46R1 (1 p. 1, 2).

Explosive Train

Available references did not provide specific information on explosive train.

Fuzing
Bomb, 115-pound, E46, E46R1 - Fuzing
Fuze Note Citation
M108 Nose- used with E46 2(p.3)
Modified M103A1 Nose- fuzed for static firing 1(p.2)
Booster, Adapter-Booster, or Burster
Bomb, 115-pound, E46, E46R1 - Booster, Adapter-Booster, or Burster
Type Explosive Weight Explosive Type Notes Citation
Experimental burster 8.59 Ibs. (3.90 kg) Tetrytol Used with E46R1 1(p.2)
M10 burster 1.5 Ibs. (0.68 kg) Tetryl Used with E46 2(p.2)
Fills

Bomb, 115-pound, E46, E46R1 - Fill Types and Weights

Chemical | Fill Weight Gross Weight Notes Citation

Pounds | Kilograms | Pounds | Kilograms
GA 41-49 18.5-22.2 N/A N/A Experimental 2(p.1,29),3(p.10),4 (p. 1)
GB 42.0 19.0 115 52.1 Experimental 1(p.2),3(p.11)
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Shipping/Packing

Available references did not provide this information.

Key Dates
Available references did not include information regarding key dates for this item.

Sources
1. Milly, George H. 1948. Technical Command Informal Report, TCIR 426, Report of Field Test 111, Static
Test of a Single E46R1, 115 LB. Chemical Bomb Filled with GB. Technical Command.

2. Milly, George H. 1948. Technical Command Report, TCR 2, Static Test of 115-LB. Chemical Bomb E46
Filled with GA. ADB970171. Chemical Corps Technical Command.

3. Milly, George H. 1950. Technical Command Informal Report, TCIR 566, Report of Field Tests of G Agents
at Dugway Proving Ground During Summer 1949. Technical Command.

4. Milly, George H. 1949. Technical Command Informal Report, TCIR 436, Report of the Field Test 112,
Static Test of a Single E46R1, 115 Ib. Chemical Bomb Filled with Water. Test Division, Technical
Command.
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Bomb, 115-pound, M70, M70A1

37-52 inches

40 inches

FAHNESTOCK CLIP

SUSPENSION LUGS

b

——13 inches —

ARMING WIRE

N /

BURSTER
iy

FUZE ADAPTER
TAIL FIN
Figure 20: Bomb, 115-pound, M70, M70AL1 - Line Drawing
Figure 21: Bomb, 115-pound, M70AL1 - Photograph
Specifications
Bomb, 115-pound, M70, M70A1 - Specifications and Other Data Citation
Historical Name Bomb, Gas, Persistent, HD, 115-Pound M70A1 | 1 (p. 4-24)
Developmental T1: M70 4(p.2)
Information
Type Bomb 2 (p. 4-25)
Size 115-pound 2(p.4-25),3,4(p. 1)
Conflict WWiIlI 5
Service Air Force, Army, Navy 1 (p. 4-24), 2 (p. 4-26)
Diameter 8.0 in. (20.3 cm) 6 (p. 420), 7 (p. A-12), 8 (p. 8),
25 (p. 1-10)
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Bomb, 115-pound, M70, M70A1 - Specifications and Other Data

Citation

Length Body: 40 in. (101 cm) 6 (p. 420), 7 (p. A-12), 8 (p. 8),
Tail: 13 in. (33 cm) 9 (p. 4-26), 10 (p. 35), 25 (p.
Overall: 37-52 in. (93.7-131 cm) 10-1)
Width Tail: 11 in. (28 cm) 6 (p. 420)
Wall Thickness 0.125-0.244 in. (0.317-0.619 cm) 6 (p. 420), 8 (p. 8), 10 (p. 35),
26 (p. 95)

Other Engineering Data

The tail fin assembly: M102A2, AN-M103A1,
or M102.

2 (p. 4-26), 6 (p. 423), 7 (p. A-
12), 25 (p. 10-1)

Construction Material

Seamless steel tube

2 (p. 4-25), 10 (p. 35)

Drawing

M70: 82-3-382, 82-3-390, 82-0-83
M70A1: 82-0-88, D14-6-1187

1 (p. 4-25), 2 (p. 4-26), 7 (p. A-
12), 15 (p. 258), 25 (p. 10-1)

82-0-63, D 14-5-1187

M70A1 HD-fill: 82-0-83, D14-5-1187
M70: 1325-219-8571 (H-fill) 11
M70A1: 1325-219-8572 (HD-fill)

FSN

General Use and Description

The M70 bomb was developed to replace the M47A1, which was unsatisfactory due to the development
of leaks and the inability to withstand the pressures developed from an HS-fill (21 p. 43, 48, 49).

The M70A1 115-pound Bomb was designed for use with propeller-driven aircraft. It was used primarily
for antipersonnel effects (2 p. 4-25, 4-26), (7 p. A-12), (12 p. 15-2).

It was a central burst, fin stabilized bomb. The bomb was round, with an ogival nose and truncated
conical rear section. The body was cast of forged steel. Both double and single suspension lugs were
welded to the body. Two lugs, 14 inches apart were provided for double suspension and a single lug was
located at the center of gravity for single suspension. The rear section tapered down to about four inches
where a threaded extension closed the rear and provided support for the tail fin. A force fitted burster well
extended the axial length of the bomb. It fit into a cup brazed inside the bomb rear section, and its nose
end had a threaded fuze adapter. The interior coating was phenolic varnish. The tail fin assembly was
secured to the bomb by a fin lock nut installed on the external threads of the rear closure extension. The
M70A1 was identical with the M70A1 except that the body of the M70 had no interior phenolic varnish
coating (2 p. 4-25, 4-26), (3), (7 p. A-12 - A-14), (12 p. 15-2).

Explosive Train

Upon release from the aircraft, vane rotation armed the fuze. The fuze functioned upon impact and
detonated the burster. The burster shattered the bomb and released the fill (7 p. A-12, A-14), (9 p. 60, 67),
(1p. 15-22).

Fuzing
Bomb, 115-pound, M70, M70A1 - Fuzing
Fuze Notes Citation
AN-M110A1 | Nose- authorized alternate (1.0 pound) 2 (p. 4-26), 3, 6 (p. 420), 13 (p. 2-73),
14 (p. 648, 670), 15 (p. 73, 251)
AN-M126 Nose (0.68 Ibs. [0.308 kg]) 3,14 (p. 670 - 671)
AN-M126A1 | Nose (1.1 Ibs. [0.499 kg]) 3, 13 (p. 2-103)
AN-M158 Preferred, impact arming vane nose type fuze with 2 (p. 4-26), 7 (p- A-12, A-14), 9 (p.
M20 detonators 67), 22 (p. 113), 25 (p. 10-1)
M110 Nose- may be reworked and substituted if required 15 (p. 180, 251)
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Bomb, 115-pound, M70, M70A1 - Fuzing

Fuze Notes Citation

M126 Nose- arming vane 14 (p. 670-671)

M127 Nose 13 (p. 2-107), 15 (p. 251)

M159 Nose- impact arming vane with M20 detonators 2 (p. 4-26), 6 (p. 420), 7 (p. A-12), 9
(p. 60, 67), 12

Booster, Adapter-Booster, or Burster

Bomb, 115-pound, M70, M70A1 - Booster, Adapter-Booster, or Burster

Type Explosive Weight | Explosive Type | Notes Citation

M10 Burster | 0.51 Ibs. (0.23 kg) | Tetryl Used with M70AL | 1 (p. 4-25), 2 (p. 4-26), 3, 7 (p. A-

12), 15 (p. 180), 16 (p. 66)
M4 Burster 0.5 Ibs. (0.23 kg) N/A Used with M70 3, 15 (p. 180, 251)
Fills
Bomb, 115-pound, M70, M70A1 - Fill Types and Weights
Chemical | Fill Weight Gross Weight Notes Citation
Pounds Kilograms | Pounds | Kilograms

AC 31 14.1 N/A N/A Experimental 27 (p. 1)

CG 54.4 24.7 122 55.3 Experimental 28

CK 54.4 24.7 122 55.3 Experimental 28

H 57.1-60.7 | 25.9-27.5 116-128 | 52.6-58.1 In 1944, H was the | 3, 6 (p. 420), 8 (p. 1),

only filler for the 10 (p. 35), 14 (p. 676),
M70 15 (p. 180), 16 (p. 27)

HD 60.0-60.6 | 27.2-27.4 128 58.1 M70A1 1 (p. 4-24, 4-25, B-1), 2
(p. 4-25), 7 (p. A-12),
12 (p. 15-2), 25 (10-1)

HN N/A N/A N/A N/A Experimental 29

IM N/A N/A N/A N/A - 6 (p. 423), 26 (p. 95)

L N/A N/A N/A N/A - 15 (p. 180, 251), 16 (p.
8, 30)

NP N/A N/A N/A N/A - 6 (p. 423), 26 (p. 95)

WP N/A N/A N/A N/A - 6 (p. 423), 26 (p. 95)

Shipping/Packing

The M70 bomb was shipped loaded with closing plugs to seal the bomb and to protect the fuze threads.
The M70A1 was protected during transport by shipping bands. Some bombs had lug protectors, which
protected the suspension lugs. With shipping bands, the M70A1 weighed approximately 135 pounds and
displaced 3.9 cubic feet. With lug protectors the M70A1 weighed approximately 133 pounds and
displaced 2.1 cubic feet. The tail fin, burster, fuze, and arming wire were packed separately (3), (7 p.
A-14), (15 p. 258), (25 p. 10-2).

Miscellaneous Information

A cluster of four M70s could be formed by using the Cluster Adapter M22 (6 p. 423).

Between 1943 and 1945, 722,968 M70 series bombs were procured to meet Navy and Air Force
requirements. In 1943, 128,752 of these bombs were filled with L and as of 1946, no stocks remained on
hand. Responsibility for the M70 series bombs was transferred to the Chemical Corps’ jurisdiction in
1949 and 1950 with 425,438 M70 bombs on hand (354,356 identified as RF1, believed to be H-filled
bombs, and 71,082 NRF2 believed to be empty casings). In 1949, there were no HD-filled M70A1 bombs
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on hand. During the Korean period, certain stocks were rehabilitated and renovated, 150,000 being
transferred to the Navy. A 1955 reference indicates that HN-1 as a possible filler. Subsequently, the Air
Force canceled all requirements for this munition which resulted in the M70 and M70Al Bombs being
designated Standard-C and Standard-A Bu-Ord items respectively by the 1959 CCTC Item 3425. In 1963,
the Navy determined that it had no further requirements for certain chemical munitions including the
58,639 M70 Bombs stored at Rocky Mountain Arsenal for which immediate disposal was authorized
(12). It does not appear that the M70A1 was ever procured (11), (22 p. 47), (23), (24 p. 96).

Key Dates
Bomb, 115-pound, M70, M70A1 - Key Dates
Activity Year Notes Citation
Standardized 1942 OCM 19301 (M70 H-fill Standard) 21 (p. 48)
Standardized 1943 CCTC 881 (H-fill Standard; L-fill substitute Standard) 17 (p. 82)
Obsoleted 1945 CCTC 1461 (M70 Lfill) 18 (p. 37)

Standard Modernization 1958 CCTC 3408 (M70A1 HD-Fill to Standard Type and L-fill | 19 (p. 106)
to Limited Standard for Bureau of Ordnance)
Standard Modernization 1959 CCTC 3525 (H-fill to Standard-C for Bureau of Ordnance | 20 (p. 213)
for M70
Obsoleted 1963 CCTC 4139 (M70 H-fill and M70A1 HD-fill) 11

Sources

1. Naval Ordnance Laboratory. 1963. NAVWEPS Ordnance Pamphlet, OP 3142, Characteristics of Biological
and Chemical Munitions and Delivery Systems (U). Department of the Navy.

2. Bureau of Naval Weapons. 1961. NAVORD Report 6954, Fourth Consolidated Report of BW/CW Study
(V). Department of the Navy.

3. Technical Division. 1944. Catalogue of Standard Ordnance Items, Second Edition 1944, Volume I11. Office
Chief of Ordnance.

4. Graham, M., Gregg, A., & Kriete, B. 1944. Technical Division Memorandum Report, TDMR 902,
Comparison of the 125-LB., Chemical Bomb, T2, and the 115-LB. Chemical Bomb, M70; and
Addendum. Chemical Warfare Service.

5. Pine BIuff Arsenal. 1945. List of Manufacturing Expenditure Orders. U.S. Army.

6. Naval Sea Systems Command. 1969. Naval Sea Systems Command Ordnance Pamphlet, NAVSEA OP
1664, Change 1, U.S. Explosive Ordnance. U.S. Government Printing Office.

7. U.S. Naval Ordnance Laboratory. 1968. NAVORD Ordnance Pamphlet, OP 2217, Miscellaneous Chemical
Munitions, Description and Operation, First Revision, Change 1. Naval Ordnance Systems Command.

8. Hollingsworth, Henry L. 1943. Technical Division Memorandum Report, TDMR 626, 115-l1b Chemical
Bomb M70, ADB968653. Department of the Army.

9. Departments of the Army and Air Force. 1957. Technical Manual, TM 3-400/Technical Order, TO 11C2-1-
1, Chemical Bombs and Clusters. Department of the Army.

10. Chief of Ordnance. 1942. Technical Manual, TM 9-1984, Disposal of American and Allied Bombs and
Fuzes. War Department.

11. Chemical Corps Technical Committee. 1963. CCTC Item # 4139 (AMCTC Item 1654), Obsoletion of
Bombs, Gas, Persistent H & HD, 115-1b., M70 and M70A1. U.S. Army Materiel Command.

12. Naval Surface Warfare Center. 1996. Technical Manual - Miscellaneous Chemical Munitions, NAVSEA
SW073-AC-MMA-010, Change B 1 October 1996. Naval Sea Systems Command.

13. Department of Defense. 1982. Military Handbook, MIL-HDBK-146, Fuze Catalog Limited Standard,
Obsolescent, Obsolete, Terminated, and Cancelled Fuzes, MIL-HDBK-146. Department of Defense.
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