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TRIAL BY FIRE:
U.S. INCENDIARY WEAPONS
1918 - 1643

During the successful agsault upon France and her allieg
in 1940, German army and air force units employed a number of
flame weapens ranging from portable flame throwers to aerial
inecendiary bombs. The German gsuccess impressed U.S. military
officers and prompted them to request that a program be

initiated to develop a variety of incendiary weapons for use

by U.S. land and air forces. The demands of the combat branches

of the U.S5. Army would be me%t by the small Chemical Warfare
Service, a branch which had abandecned flame weapons socn
after World War I.

By 1943 U.S. forces were being equipped with flame
weapons hurriedly developed after i940. While the Chemical
Warfare Service and the many civilian industrial and academic
agencies which assisted it had made rapid strides to overcome
Prewar unpreparedness in the lIncendiary warfare field, the
U.5. armed forces did not employ flame weapons with great
effectiveness until the lamt year of World War II.

The purpose of this study is to determine first why
the Unlted States was unprepared for flame warfare at the
beginning of World War II. Having explored this question,

the book will address the problems posed by the belated

iii

introduction of flame weapons into the American arsenal in
order to answer the second part of the overall historical
question: why did it take U.S. forees until the last full
year of war to employ effective fire weapons and tactics?
After a brief examination of the role of fire ih warfare
since ancient times, the study will recount the earliest
employment of modern flame weapons, during World War I, and
the post-war developments of incendiary weapens carried out by

Eurcopean armies. With emphasisz on U.S. flame weapons, the

study then treats, in roughly chronelogical faghion, the develop-

ment and employment of the flame weapons of World War II.
While the problems inherent in fielding a new type of weapon
demand most of the author's attention, the recurrent meral and
legal questions that have arisen concerning the use of flame
weapons are also addressed within the discussion of the growing
lethality of weapons during the twentleth century.

Official records of the U.S. armed services in a number
of archival collections provided the great majority of the
material of primary value to thisg study. Official histories
and other published military documents were alac quite helpful
in that the infoermation they provided served tc establish a
sense of scale and proportien for the role of U.S. incendiary
weapons during World War II. Numerous coentemporary news
accounts and interviews with war veterans familiar with flame
weapons lent an appreciation of the psychological effects aof

flame weapons.
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The study concludes that the U,S, failure *o foresee
the need for incendiary weapons during the years prior to World
War II was caused not only by financial constraints and a lack
of research facilities, but by an aversion to flame warfare on
generally accepted moral grounds. The greatest failure, though,
lay in the lack of a truly efficient meang of identifying
weapons requirements for future confliets and the subsequent
lack of deoctrinal development, After the United States army
belatedly decided to follow the German example in the field
of flame warfare, resistance to new weapons cn the part of
service personnel, wesapons design failures, and a lack of
clearly understocd tactical doetrine all conspired to delay,
until late 1943, the successful employment of U.S. incendiary
weapons.

In the process of answering questions posed by the
development of a family of ancillary weapons during World War
IT, this study may suggest guestions that speak to Present-day
problems of weapons development in an era of uneasy and fragile

peace.
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INTRODUCTION

The sun was just cul~Ing through the norning haze when
the weary iroops of the First Battalion, Twenty-fifth Marine
Regiment climbed out of their foxholes and moved forward in an
attack to seize an outcropping of volcanic rock known as Turkey
Knob. Their attack, which began at 6130 on 2 March 1945, was
preceded by no artillery bombardment, no aircraft strikes. The
Regimental Commander, hoping to achieve a modicum of surprise,
nad foregone the usual pre-assault fires, ordering his troops to
"Close with and destroy the enemy" by fire assault team. The
First Battalion had been promised tank aupport, but most of the
Marines knew that, for the amttack to succeed, it would be neces-
sary for the tired infantry to rout the Japanese defenders from
their burrows., After eleven days of fighting on Iwo Tima, the
predominance of close gquarters combat had reinforced the basic
dletum of the Marine Corps: in the last analysis, it was the
infantryman who must fight the battle.1

The Marines advanced to within twenty yards of the enemy
positions along the base of Turkey Knob before a torrent of fire

ernzulfed the lgad elements. Hugging each fold in the ground,

1Fourth Marine Division D-3 Periodic Report No. 57,
2 Yar 45, cited in 4th MarDiv After Action Report [AARi on Iwo
Jima Cperation, Record Group 127, Naticnal Archives [Hercafter
shown simply as RC 127, N.A.]. See also George W, Garand and
Truman R. Strobridge, WeatsmPacific Operations, Vol. 4 of the
distory of U.S. Marine Corps O erations in World War 11, {Washing-
vom, D.C.1 Government Printing O0ffice | hereafter shown as GPOT,
1971) for reports of USMC operations on Two Jina,

1

the troops began the day's business of killing Japanese,
Spurred by the shouted orders of their leaders, assault teams
inched their way cloger to the firing perts of dug-in positions.
Supported now by eight tanks which had begun to pump High
Explosive ghells in the direction of the enemy positiens, the
Marine infantry struggled to bring their most effective weapons
to bear, Protected by the rifles of each squad were sweating
Marines who toiled under the cumbersome fuel tanks and hose
assemblies of portable flame throwers, The Japanese would not
retreat, nor would they surrender. Determined to die fighting
for their Emperor, the Japanese continued to shoot even as the.
flame thrower cperators steadied themselves and then pulled the
triggers of their weapons.

The distinctive "Whomp!--Wheose!* sounds made by the
suddenn expulsion of pressurized gelled gasoline were almost
immediately replaced by the crackle and roar of flame. The
tumult increased as numerous fireballs engulfed the defenders
of Turkey Knob. The roa{ of flaming gasoline nearly succeeded
in drowning the animal squeals and shrieks coming from within
the Japanese bunkers. The lust of combat lay heavy upon the
young men grown old on Iwo Jimz, however, and their grisly
work did not truly seem to trouble them. Years later, one said:s

Ag the Japanese died, the platoon could smell their

roasting flesh. Some of our men later said that the

circumetances made thelodor geem the sweetest that
they had ever smelled,

. lRichard J. Wheelsr, "The 'First' Flag-Raising on Iwo
Jima," American Heritage, XV, No, 4 {June 1964): 103,
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As the oily billows of black smoke drifted away in the
slight morning breeze, the flame thrower operators exchanged
their empty contraptions for full ones, adjusted carrying
harnesses, checked pressure gauges, and riddled with the nozzles
of the recently developed, still temperamental weapons., On
signal, the Americans began to move forward and upward along
the slope of Turkey Knob. It would be a long day for the men
of the Twenty-fifth Marine Regiment.1

On the game dey that Marine flame thrower operators
attacked the Japanese defenders of Iwo Jima and destroyed
them in close combat, American bombardiers hunched over the
bombsights of B-17 and B-24 bombers as they guided 406 U,S.
aircraft to a target in eastern Germmany. Their objective for
2 March was the ail terminzl and switchyarde of Dresden, a
Saxon city more famous for its delicate chinawars than for any
military significance., But the fortunes of war had pilaced
Dresden in the path of advancing Russian amies as the vic-
torious Communist forces pushed into Germany during the early
apring of 1945. The Soviets asked for British and American
asgistance in destroying the German military forces in Dresden:

forces which, claimed the Russians, menaced @ successful

1The Marines employed not only man-packed flame throwers,
but tank-mounted flame throwers as well. Marine commanders
were very enthusiastic about the performarce of the armored
flame throwers and called for many more, as they materially
reduced the heavy casualties generally suffered by flame thrower
operators on foot. See 5th MarDiv AAR, Two Jima, VYol. 11,
p. 731, RG 127, N.A. Napalm bombsz, dropped by Marine fighters,
were also used on Iwo Jima. See Wesley F. Craven and James L.
Cate, eds., The Pacifici MATTERHORN to Nagasaki, June 1GLL 1o
August 1945, (Cnicago:r Univ. of Chicago Péess. 19537, pp. 352

354,
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offensive. The Allied airmen complied. The raid by planes of
the U.5. Eighth Air Force would add a new chapter to the history
of the ancient city.1

Unbelnownst to the Marines fighting nine thousand miles
away, the air crews of the U.S5. Army Air Force would also make
use of one of man's oldest weapons, fire, *tc infliet untcld
suffer ing upcn their enemies. The difference between the
application of two types of U.S. incendiary weapons is
immediately obvious. For the Marine infantryman with a flame
thrower, fire warfare was a face-to-face confrontation with an
armed enemy soldier. The results of his duty lingered in his
nostrils for days. For the aiﬁnaﬁ“bombing a German city,
however, the death and destruction below, while so much greater
than that inflicted by the soldier, was far removed from hig
immediate consclousness. For the victims, the results were
much the same: stark terror, unbelievable agony, and death.

Az the leading flight of bombers approached the city
into which thousands of refugees had fled for weeks, the target
area was clearly visible, ‘A collection of railroad repair
shops, warehcuses, and switchyards was the primary target for
2 March. German antiaircraft fire, formerly so damaging over
tergets struck earlier in the Allied Bomber Offensive, was weak

and ineffectual that day. The neavy bombers droned on until

1F0r background on the Dresgden attacks, look to David
J.C. Irving, The Destruction of Dresden (New York: Holt,
Rinehart, and Winston, 19 « Chapter 1. Aleo, see Wealey F.
Craven and James L, Cate, eds., ARGUMENT %o V-E Day, January
» PP

1944-May 1945, (Chicago: Univ. of Chicago Press, 1651
725727 ' 8 # ’




the bombardiers released their loads and signalled "Bombs
Away!" The clouds of bombs falling earthward were composed of
High Explesive and incendiary bombs. Most were provided with
fuses which would delay detonation until the bomb had pene-
trated the roof and upper stories of the typical German structure,
Some were specially equipped with extended delays which provided
for an explesion hours after the bomb had dropped. In this way,
rescue and firefighting operations would be serioualy hampered.1
Tail gunners in the leading flight reported seeing a great
deal of fire and smoke on and near the target as the heavy
bombers wheeled in a tight turn after releasing their bomba.
The great billowing clouds of smoke rising upward gave proof
to the incendiary effect of the thousands of thermite-filled
bombs that had been dropped, but alsc obscured the target for
the suecceeding waves of bombers. Lacking any clearly defined
aiming point, the aircraft of later serials Jjettisoned their
bomb loads into, and arocund, the great mags of flames below

them.2

lEffectiveness of Third Phage Air Operations in the
European Theater, (U.5. Army AIr Forces Evaluation Board in the
ET0, August 15%5), pp. 230-256 and 314-9318, File No. 168.7045~
52, Albert F. Simpsen Historieal Center [Hereafter shown as
APSHC]. Alsc, "Monthly Chemieal Warfare and Aetivity Reports,”
Eighth Air Force Chemical Section, 1 July 1944-30 June 1945,
Inclosures 28, 29, and 12, APSHC, File 730.85.

ZAt Dresden, as it had in other target cities, the bombing
accuracy fell victim to "creep back" which occurred when suc-
ceeding waves of bombers dropped their bombd loads early, thus
spreading the bomb carpet back along the approach route to the
designated target. For a discussion on the probvlems of accuracy

in bowbing large targets, see Charles Webster and Noble Frankland,

Yictory, Vol. 5 of The Strategic Air Offensive Agmainst Germany,
1939-1945, (London:” Her Majesty's Stationery 0ffice, 1961),

FE» y 19, 19m, 130-132-

&

It was the bombes of ihe follew-on aircraft that proved
most devastating to the masses of civiliang huddled in air raid
shelters near the Dresden rail terminal. As more bombe fell and
the incidence of fire increaased, the temperature at ground level
rose to unbearable levels and the lack of oxygen caused large
numders of those in underground shelters to faint from lack of
alr. The cowering refugees had but two choices) remain in
their shelters and face almost certain asphyxiation or flee into
the burning c¢ity, hoping to escape the flames all around them.
Many chose to attempt an escape ana died for their pains in the
fire storm [Feuerstlim] that had emgulfed large sections of the
eity. The daylight raid of 2 March 1945 was cne of six largs-
scale fire bomb attacks agalnst Dresden conducted by the U.S.
Eighth Air Force and the Bomber Command of the Britigh RAF.
By the time the fires and explosions finally ceased in the old
city, an estimated 135,000 people had perished. The Russians

had little troubdle occupying what was left of %the smoking ruina.1

1The question of "area" bombing versus "precision”
bombing was much discussed during World War II, with many Ameri-
can air commanders contending, at least until late 1944, that
pPinpoint bomding was poseible. The bombing of Dresden was
clearly an example of area bombing. The great loms of civilian
lives in DOresden prompted a prominent British airman, Air
Marshal Sir Richard Saundby to later comment:

"That the bombing of Dresden was a great tragedy

nene can deny. That it was really a military neces-

5ity few,,..will believe. It was one of those terrible

things that sometimes happen in wartime, brought

about by an unfortunate combination of circumstances.”

See Irving, Destruction of Dresden, p. 9.
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The foregoing accounts of combat in the Pacific and over

Europe serve to demonstrate two types of incendiary weapons
employed by the U.S. armed forces during World War II. The
U.5. flame weapons of the period 1$42-1945 were numerous and
posgsessed varying degrees of lethality, Some were designed to
be used as tactical weapons in close combat, like the portable
flame thrower. Others, like armored flame throwers mounted in
tanks and bombs filled with jellied gasoline (dropped by
fighter mircraft in support of fron.-line troops) were destined
to be employed in the island campaigns of the Pacific and in
the European Theater of Operations. The most widesprezd use
of incendiary munitions was by the U.S. Army Air Forces in the
strategic bombing campaigns waged against Germany and Japan.
American flams weapons not only were designed with
different roles in mind, but these devices varied considerably
in their effectiveness. In every cage, the first experimental
models required a great deal of improvement before winning
the acceptance of the combat forces charged with the employment
of the flame weapons in combat. The identical type of flame
weapon or munition might function satisfactorily in one theater
of cperations while being regarded as well nigh worthless in
another area. Terrain, climate, the enemy, and the tactical
or strategic environment in which they were employed all

affected the record of the U.S. flame weapons of World War II.1

1An excellent analysis of the effects of the various
missiona and locales in which flame weapons were emploved is to
be found in the final chapter of Brocks E. Kleber and Gale
Birdsell, The Chemical Warfare Service: Chemicals in Combat,
{Washington, D.GC,: GPC, 19 y DP. E .

8
&s diverse as the many American flame weapens of Werld

War 11 were, they all had one thing in common. MNgne of the
incendiary munitions that were used by U.5. forces in the defeat
of the Axis had been a part of the United States arsenal prior
to the outbreak of World War II, Each weapon had been developed
by the United States only after World War II was being waged

in Europe.

In 1940, while German cembat engineers deronstrated the
frightful effectiveness of portable flame throwers when empIoyed
against French and Belgian fortifications and German bombers
showered geveral British cities with incendiary bcmbé, the U,5,
Army belatedly recognized the potential for destruction
embodied in modern flame weapons, But the United States had
not a single flame thrower, not a solitary incendiary bomb.

Why? It would be 1943 before United States soldiers and airmen
were equipped with dependable incendiary weapons, Why, in a
modern industrial state richly blessed with technological and
industrial might, had flame weapons been largely ignored since
they were introduced to modern warfare during World War I?

The abcove questions must be answered before the principal
area of inquiry in this study may be addressed. Salient to an
understanding of the role played by U,S. incendiary weapons
during World War II is the answer (or answers) te this question:
Why did it take the armed forces of the United S5tates until the
last two years of World War II +to expleit the capabilities of
modern incendiary weapons?

In seeking the answer to these questions, this study

must investigate not only technological matters of design,
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manufacture, and experimentation, but must also explore the

less well defined aspects of moral aversion toc flame weapcons

and the institutional and eorganizaiional problems that frecuently
cut across branch or service boundaries and often served to
retard both development and employment of incendiaries.

This is a study of the problems inherent to the develecp-
ment and employment of new and specialized weaponry., The
questions posed and the conclusions drawn should gpeak not only
to flame weapons of World War IT, but should suggest broader
questions about the procedures by which the United States
defense establishment selects and utilizes the weapons that
make up its arsenal. For de?pite the immense chanhges in the
overall concepts of war that have bsen wrought by the advent
of the nuclear age, today's defense planners still face many
cf the vexing financial, moral, and doctrinal problems that
loomed go large before, and during, World War II.

If, in some small way, this investigation serves to
assist those seeking understanding in the future threugh an
appreciation of the past, then my efforts will have been

worthwhile,

CHAPTER 1
AN ANCIENT FEAR IN MODERN FORM
The Introduction of Flame
Weapons During World War I

Flame throwers and incendiary bombs, like so many of the
weapons employed during World War II, were improved versions of
devices introduced during World War I, The machine gun, tanks,
gubmarines, aircraft, were, like incendiary weapons, tested
during that great first conflict. The experience gained by
armies between 191k and 1918 would, in many cases, influence the
decisions made by politicians and military men during the two
decades following the Armistice of 1918. The decision makers
were products of their past as they sought to prepare for the
next war by applying the lessons of the last in the uneasy truce
that passed for peace.

Before examining the reaction of the U.S. Army to the use
of incendiary weapons during World War I, before appraising the
z¢tiona of the peacetime planners, one must first understand what
sort of devices these flame weapons were. In the most basic
terms, the flame projectors and incendiafy bombs of World War I
repregented a marriage of twentieth century technelegy and man's
basic and ancient fear of fire, And to comprehend fully the
psychological impact of the legs~than-perfect fire weapons of
191L-18, it is necegsary te remember that fire warfare has been

practiced since biblical tlmes.

10
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The idea that fire might be useful as a weapon must have

occurred soon after the first careless caveman burned his finger
in his cooking flame. The fact that man learned to fear fire
because of the pain it could cause was probably sufficient to
warrant lts use as a psychological, as well as a casualty-
producing, weapon. The 0)d Tegtament is full of references

to instmnces in which fire was credited with destroying the
houseg of wicked sinners, serving as a vehicle for sacred
pronouncements, or consuming unbelievers.1 The inherent fear
of flame was incorporated into the Judeo-Christian religious
tradition and capitalized upon by religious leaders. Not
until the sixteenth century was the practice of burming the
ungodly at the stake finally given up.

The use of fire againgt one's enemies wag illustrated
in the 0ld Testament Book of Judges., Samson, angered by hig
Philistine adversaries, ig said to have caught three hundred
foxes, Tying them tail-to-tail, he sent them running threough
the Philistine cornfields, dragging lighted firebrands behind
them. The fields of his enemies were socon consumed by flames,
This example of incendiary warfare, which took place around
1140 B.C., is certainly one of the earlier military uses of
Tlame on a grand slcale.2

Although knowledge of the use of flame weapons In times

past ls quite sketchy, some clues may be found which indicate

Judges 13:20, 1L415; Jeremian 23:129; Numbers 11:1, 16:35.

2Judges 15:4-5,

1z
a certain refinement in the practice of incendiary warfare.

Not content to rely on foxes running into cornfields, warriorsa
began to experiment with flaming arrows, pots of boiling oil,
and naptha as means of burning enemy structures, inflicting
casualties upon enemy troops, and creating panic in the ranks
cf their foes. The bas-reliefs of the ancient Assyrians, for
instance, depict warriors using a type of liquid fire, although
nothing is known ¢f its composition. Only much later in history
did written accounts of flame warfare Eurvive.1

The early Greeks understood the value of fire as a weapgn.
The fererunner of what was later to be known as "Greek P re"

wag described by Thucydides in The History of the Pelopon-

nesian War. The Boeotlans, in their attempt to capture the
walled fortificaticns at Delium in 424 B,C,, had beern unauccess-
Tul until they used fire:

Various methods of attack were employed, and
in the end they tock the place by means of an engine
constructed in the following manner, They took a
great beam, sawed it in two parts, both of which
they completely hollowed out, and then fitted thege
two parts closely together again, as in the joints
of a pipe. A cauldron was then attached with chains
%to one end of the beam, and an iron tube, curving
down into the cauldron, wae inesrted through the hollow
parts of the beam. Muech of the surface of the beam
itself was plated with iron. They brought up thisg
machine from scme distance on carts to the parts of the
wall that had been prineipasily constructed of vines and
other wood. When it was close to the wall, they
inserted into their end of the beam large bellows and
blew through them. The blast, confined inside the tube,

—_—

1Bernard Brodie and Fawn M. Brodie, From Crossbow to
H-Bomb, 24 ed. {Bloomington, IN: The Indiana University Press,
973), pp. 14-15. An excellent account of ancient flame

weapons may be found in J.R. Partington, A History of Greek Fire
and Gunpowder {Cambridge, England: W, Heffer, i960), pp. 1-91i.
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went straight into the cauldron which was filled

with lighted coals, sulphur, and pitch. A great

flame was produced which get fire to the wall,

and made it impossible for the defenders to stay

at their posts. They abandoned their pogitions

and fled; and so the fortification was captured.

Augustin M. Prentiss, in his book Chemicals in War, has
said that "The greatest impetus to the use of inecendiaries in

war came with the introduction of 'Greek Fire.'“2

This
sticky, highly inflammable mixture was never reduced to & set,
published formula. The Syrian Kallinokes, about the year
660 A.D. found that by adding niter and oil to the mixture of
sulphur, coals, and pitch already in use, he could preduce a
viscous substance that burmed with an intense heat and could
be propelled over considerable digtances. The Emperor
Constantine IV (Pogonatus) utilized this Creek Fire during the
siege of Constantinople being carried out by the Saracens in
673A.D. By mounting tubes on his warships, he was able to
propel thia flaming liguid onto enemy vessels where it burned
fiercely. Because of its composition, it was not eagily
extinguished by water. The peycholegical effect that this
burning, unquenchable substance had on the crews of the wooden
ships was gquite considerabla. -

Much later, in 1190, the Moslems ussd this same weapoh
against the Frankish Crusaders besieging Acre. At Mansura,

toe, the Saracens flung grsat vessels of burning liquid into

1Thucydides. The History of the Peloponnesgian War, %rans.
Rex Warmer (Middlegex, England: CPenguln Books, Ltd., 1972),

P 325,

2Augustin M. Prentiss, Chemicals in War {New York: McGraw
Hill, 1937}, p. 249,

Jpid. See also Brodie and Bredie, pp, 14-15.
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the Christian camp by means of large arbalests. After the

Crusades, however, the use of Greek Fife tapered off. Why?
We may surmise that this was due in large part toc the general
lack of sclentific information available to many Europeans,
especially until after the Renaissance.1

Naval commanders of the seventeenth and eighteenth
centuries recognized the value of sclid shot heated red-hot
and fired at wooden sailing ships, and burning "fire ships"
were utilized to zet enemy fleets at anchor ablaze; nevertheless,
there was little or no success in producing a modern version
of the ancient Greek Fire projectors. An attempt in 1702 by
the Prussian artillery to develop a "serpentine fire sprayer®
(Sehlangenbrandgpritze) was abandoned after repeated failures.
The flammable mixture being tested, which was designed for
propulsion by a bellows through a wheeled tube, was too viscous
and cconsistently bummed the projector. If flame was to be
Flaced effectively upon enemy positions, some means of
propulsion other than a "serpentlne fire sprayer”™ would have
to be found.2

Man's continuing fascination with filame found expression

1Look to the Encyclopedia Britannica, 11th ed., Mew

Yolume XXXI, s.v. "Firesiiips," and "Greek Fire" for an
encapsulated treatment of inecendiaries in the ancient and
medieval pericds.,

2Dn fireships, see Lynn Montross, War Through the Agee
{New York: Harper & Bros,, 1946), p. 33%. Information on the
Prugsian flame device was extracted from an article by Charles
Theune entitled "The Flame Thrower" in the German Artilleristische
Menatshafte (Jan.-Feb. 1$21). Translated by the Military Intel-
ligence Divigion of the U.S. War Department, it is contained in
the Records of the Chief, Chemical Warfare Service, RG 175,
File #470,71/1164, N,A.
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from time to time in the schemes of those who searched for a
novel means of destroying enemy forces while minimizing friendly
casualties. Oie such plan, advanced repeatedly by the English-
man Lord Cochrane, the Earl of Dundonald, called for the
creation of toxic sulphur fumes by vaporizing sulphur with
burning coke. This proposed use of fire to produce & lethal
attack on military (and civilian) enemies was rejected by
several boards appointed by British Prime Ministers between
1812 and 1854 on the grounds that Dundonald's idea was tech-
nically unfeasible. Oppesition to this acheme on ethical
grounds was alsc cited and came mainly from within the British
military establishment. Dundonald's only encouragement came
frem Lord Palmerston in 1854, Palmerston, then the Prime
Minister, suggested that the War Office permit Dundonald to
conduct his experiment in the Crimea. War Cffice cConcurrence
would be contingent upon Dundonald's agreement to personally
supervise the creation of his toxic gas cloud, Should it fail,
Palmerston reasoned, Dundonald would shoulder the blama, not
the British government. It would appear that the use of

"dirty tricks" was acceptable to gsome--ag long as they were

not called to account for their actions!1

1Jamea M. Spai%ht, Alr Power and the Cities, (London:
Longmans,Green, 1930}, pp. 189-173. In 1854, Lord Dundeonald
argued that the ugse of flame-generated toxins in the Crimea
would, in fact, be humane in that it would reduce casualties
among French and British soldiers attacking Russian positions.
The linkage here between toxic gasses and fire warfare ig impor-
tant in light of the later rationale for the organization of
chemical warfare branches in twentieth century armies. HNote:
Dundonald never carried out the experiment, apparently feeling
(quite properly} that hs was being made the dupe by Palmerston.

1€
Advances in the design of artillery shells during the

nineteenth century provid=d those interested in ordnance
development with a vehicle that could Teasibly he used to
deliver incendiary material over some distance. Hollow shells,
fused to burst after a specific time in flight or upon impact,
might be fillad with a substance with which to burn a target.
The outbreak of the American Civil War added impetus to the
work already begun by several inventors in the United States.
Notable among those men working with incendiary muniticns in
the North were ILevi Short and Alfred Berney, They took their
place in the jostling throng of gadgeteers and inventors who
besieged the War Department and the Navy during the opening
days of the confliect. Some, though not all, were persistent
enough to receive an audience from the harassed Ordnance
Department officers and were allowed to demonstrate their
devices. In January 1862 levi Short exploded several artillery
shells of his own design which impressed the Army officers
attending his demonstration being held in honor of President
Lincoln.1

Levi Short was to sell more than a hundred of these
shells to the Army for use by General Benjamin Butler in his

campaign to capture New Orleans in 1862. That same year, Short

1Robert ¥. PBruce, Lincolp and the Tools of War (Indiana-

polis, 1IN : Bobbs-Merrill, 1658), pp. 171-173. Bruce reports

that:
++:Lincoln watched, while two thirteen-ineh shells wera
exploded, each toesing fire forty or fifty feet in the
air and carpeting the ground over a fifty-foot radius
with a blaze tha%t lasted ten minutes.



17
went into partnership with another incendiary inventor, Alfred

Berney. Like Short, Berney had put on a display for President
Lincoln in early 1862, showing off his pump-operated flame
pro jector and several types of incendiary shells. Although his
flame thrower failed to cperate successfully, the shells were
quite effeective. Impressed, Lincoln ordered his Chief of
Ordnance, General Ripley, to purchase several thousand of the
devices for use against fortified cities. Melding th:ir talents,
Short and Berney were able to turn out encugh shelis during the
first six months of 1863 sc that Union forces bvesicging
¥icksburg, Mississippi, were able to burn a large part of the
city before the Confederate surrender in Jui,-_.u1

The team of Bernmey and Short alse L.oauced the large
incendiary shells that were fired inte Charieston, South
Carolina, in August 1863 by Union artillerymen. Although
short-lived and only marginally effective, this means of
delivering flame to the noncombatant inhabitants of a city was
to presage by eighty yeers the large-scale fire bombing of
European and Japanese cities during Werld War II. Damage to
morale was considered as important as materizl destructiom.
The psychological reaction of the civilian inhabitants of the

target cities was quite similar and proceeded in stages from

IIvid., pp. 237-242.
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curiosity to defiance and, finally, to terror.1

Given the ability of these incendiary shells to destroy
enemy cities and to terreorize their populace, it may seem some-
what stirange that the inventions of Berney and Short were not
enthusiastically accepted by the officer corps of the Union
forces. Even in a war that knew no parallel in the American
experience for sheer destructiveness, the "terror” weapons were
considered by most to be abominations. More effort was expended
to restrict the use of such hellish devices than was expended
to improve them.2

A growing fear of unbridled destructiveness and the
wanton carnage committed by Union forces had spurred the Union
Secretary of War, Edwin Stanton, to attempt to find a meﬁns of
nolding destruction in check. After only a yesar of conflict, he
approached & noted German-American jurist, Francis Lieber,
and asked him to formulate a code that would govern the
actions of the Union ammies in the field. When the document

was completed in February, 1863, it stated, in part:

1Bruce, above, discusses the civilians' reaction in
Charlestcn, S.C. The response of civilians to fire bombing
during World War II is reported by Martin Caidin, The Night
Hamburg Died (London: New English Library, 1966).  The DUnited
States Strategic Bombing Surveys conducted after World War 11
cover not only physical damage to target cities, but civilian
casualties as well. See USSBS Report No. 193, Fire Raids on
German Cities (Wash., D.C.: G©P0O, 1947); USSBS Report The Effect

of Strategic Bombing on German Morale {Wash., D.C.: GPQ, 1457},
Algo, USSBS Report No. P90, Effects of Incendiary Bomb Attacks
On_Japan--A Report on Eight Cities iwasn., D.C.: GFO, 1947).
2Morris Greenspan, The Modern Law of Land Warfare
{Berkeley: University of California Fress, 19597, pp. 11-16,




19

i Men who take up arms against one another

in public war, do not cease on this account o

be moral beings, responsible to one another R

and to God. Military necessity does not admit

cruelty~--that is, the infliction of guffering

or for revenge..,.

That neither the Union nor Confederate ammies eonducted them-
selves in accordance with these principles does little to
diminish the significance of the attempt to ameliorate the
often unwelcome results of "progress.”

It would be several years before an international body
attempted to grapple with the legalistic and moral questions
about weapons that surfaced in Europe, especially after the
Franco-Prussian War. In spite of the lack of any sanction
against weapons judged to be inhumane, the flammable munitiong
used during the Civil War were rejected by the professional
officer corps of the miniscule armed forces of the United
States in the years that followed Appomatox. Why? Aler Roland,
in his study of underwater weapons (mines, submersibles,
toerpedoes) during the age of sail, coneludes that line officers
frequently felt a strong antipathy toward inventors and their
newfangled devices:

Inventors who proposed these weapons were

often tactless in dealing with military profes-

sionala. They claimed overmuch for their WEADONS .. »

and generally treated officers with condescension

and impatience. Worst of all, they undertook to

1“A Code for the Government of Armies in the Field, ag
Authorized by the Laws and Usages of War on Land, Printed as
Manuscript for the Board Appointed by the Secretary of War
[Special Orders, No. 399] To Propese Amendments or Changes In
the Rules and Articles of War....,” February, 1863. Cited by

Alex Roland, Underwater Warfare in the Age of Sail {Bloomington,
IN: The Indiana University Press, 15787, v, 159, i
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instruct a professional in how to conduct his

Profession--a chancy business in any realm, but

a particularly hazardous one in military circles.

During wartime, with the Army and Navy swollen t¢ many
times thelir normal size and peopled by volunteers and draftees,
the Regulars of ten relaxed their vigil on their self-ascribed
codes. When faced with moral dilemmas, these old-line keepers
of the flame gave way to the gadgeteers if and when it appeared
that the inventions could aid in restoring peace, which would
mean a return to the old ways of doing things go cherished by
the Regular officer corps. Alex Reland says of this, "When
faced with the reality of the 'usages of war,' officers over-
came their prejudices, but never without pain and reluctance."2
With the return of peace, the military returned to its jobs of
fighting Indians and showing the flag at foreign ports of call.

While no more was heard about incendiaries on this side
of the Atlantic, readers of European newspapers may have noted
several references to the use of flame weapons in 1871, Corres-
pondents covering the social upheaval that gripped Paris during
the firet half of 1871 mentioned the employment of petrol-
filled bottles and balls of incendiary gum or "Greek Fire" by
female supporters of the Paris Communard. These femals fire-

tombers, or Petroleuses, were alleged to have hurled their

flammable devices at homes, stores, and factories owned by
adherents of the Versailles gcvermment that came to power

following the defeat of Napoleon III by Prussia., Hailed as

—_—

Roland, Underwater Weapons, pp. 180-181,

%Ivie., p. 182
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heroines by members of the Paris Commune, cursed as arsonists

by the Versailles forces, the Petroleuseg were less effective
and certainly less numerous than either side believed., Their
effectiveness, such as it was, lay not in any distinct capacity
for material destruction, but with their ability to arcuse the
public's ege-old fear of, and fascination with, flame.1

During the years preceding the outbreak of World War I,
there were those who viewed with alarm the increasing lethality
of modern weaponry. In an attempt to regulate the ways and
means of waging war, international conferences were convened
at the pleasure of the crowned heads of European states. At
St. Petersburg in 1868 and 1907, and the Hague in 1899 and
1507, delegates negotiated in search of common ground on which
s0me consensus could be reached concerning the conduct of war
during this, the new Age of Reason.

Representatives of European govermments grappled with the
multitude of questions raised by the portentous employment of
the imperfectly understood weapons of quern warfare. In the
course of these discussions, incendiary devices were barely
mentioned. Only in the Declaration of St. Petersburg, 1868,
did the signatories prohibit the use of any projectile coated
with fulminating or inflammable materials. In this attempt at
sparing combatants from "needless suffering," the conferees
specified that the prohibition concerned those missiles

weighing 400 grams or less. While the Hague Congress of 1907

1Alistair Horne, The Fall of Parig, {New Yorik: St.
Martin's Press, 1965}, pp. 391-394.

LIGRARY 1.5, NAVAL AcADEMY
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prohibited the use of phosphorus weapons, nothing was said
about incendiaries as such.1

The motives of the delegates were, at the same time,
humanitarian and self-serving; their pronouncements at once too
general and too specific. But incendiaries were as yet little
understood. As one higtorian rercently obgerved:

One dees not, in international law, outlaw a
specific weapon until its actual design shows what,
exactly, is to be legally controlled. One simply
puts it in a basket labelled 'dangerous' until
further development shows the need for control. So
the Hague delegates spent more time on dumdum
bullets, both dangerous and in the arsenals, than
on submarines, which were, at this stage, just
where they were both clearly dangerous and useful,
thoug: it was hard for the delegates to visualize
just how dangerous,to internaticnal law eor how
useful militarily.

Given this insight, the student of the period can better under-
stané why the agreed-upon rules proved lnadequate to the great
test of 1914-1918, There existed, then, no effective restraint
upon a country with an advanced chemical industry, a country
that would develop, within a short time, both poison gas and

a modern version of Greek Fire.

The growing militancy of the Kaisger's Germany and the
various properties of refined petroleum were tc provide the
impetus and a hospitable climate for the development of a new
fire weapon: a weapon nct for use against eities, but for use

on the battlefield againat enemy soldiers. In 1900, a Berlin

1Greenspan, Law of Land Warfare, pp. 360-361., See also
Malvern Lumsden, Incendiary Weapons (Cambridge, Mass.: MIT Press,
1975), p. 20. {Also publlshed by the Stockhdolm International
Peace Research Institute under the title, Napalm and Incendiary
Weapons (Stockholm: 1972.)

2Theodore Ropp, Duke Univ., Durham, N.C,, Letter to author,
6 Dctober 1978, p. 2. '
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chemical engineer, Richard Fiedler, was conducting tests on

nozzle designs for the propulsion of petroleum under pressure.
In the midst of his experiments, he was struck by the possible
military application of streams of gasoline, shot from a pres-
surized tank, and then set ablaze zmong enemy %troops. He
halted his initial experiment and began to work full-time on
hiz new idea. In 1901, Fiedler first presented his concept to
the German High Command and received funds for continued
testing of his prototype apparatus. By 1908, work had progresse
sufficiently for field testing by a speclal Engineer Test

Company (Pioneer-Versuchskompagnie) to begin.

The Fiedler device consisted of a welded metal vessel
containing a mixture of gasoline and oil which was pressurized
by means of nitrogen stored in ancther metal cylinder. The
cylinders were strapped tc an operator's back by means of a
knapsack-type harness. When the acldier opened a needle valve,
the pressurized fuel was expelled from a hand-held nozzle
cornected to the fuel tank by a rubber hose. At the mouth
of the nezzle, an ignition device, not unlike that of a cigar-
ette lighter, 1it the fuel as it shot out of the nozzle. The
operator could direct m stream of burning fuel for neariy
thirty meters toward a target. The test model of this early

flame thrower {(Flammenwerfer) weighed approximately fifty

pounds when fully loaded and could spray & centinuous streanm
of fire for one minute.

VThe Germans recognized the limitatione imposed on
mobility by the weight and bulk of the device and, during the

period 1908-1914, continued te test and improve the basic model

iz o

24
as well as experiment with a larger model which would not be

portable, but would be emplaced in defensive positions and used
to combat attacking troops. In addition to the work that was
done on the apparatus itself, there were numerous tests con-
ducted to devise suitable assault tactics for engineer troops
armed with flame throwers while supporting infantry attacks.
The test results showed that troops speclally trained with the
flame thrower would be necessary for its effective employment.
With its delicate valve mechanism and ungainly characteristics,
it was not a weapon easily mastered.l

In order to insure that the flame thrower trcops
possessed the required degree of expertise, the German High
Command directed in late 1914 that those engineer troops that
had been trained in the use of flame throwers be consolidated
in cne unit. This first battalion, consisting of forty-elight
officers and men and commanded by Captain Hermann Redemanr:,
conducted the first large-scale flame attack to take place on

the Western Front.2

Thls infoermation on German development of the early-
model flame throwers is taken from the previously cited article
by Charles Theune entitled "The Flame Thrower," pp. 2-4.

2Her-ma.nn Redemann was to command the German flame unit
throughout the war. He rogse to the rank of Colonel. After
the war, retirad at his permanent grade of Major, he conducted
4 running bat*le with the Chief of the U.S. Chemical Warfare
Service over the value of the flame thrower.
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On 26 February 1915, the battalion attacked trenches held

by French troops in the Foreat of Malancourt, north of Yerdun.
A German account of the attack deszribes it thus:

The fiery serpents which, as if rising out of
the earth, fell roaring and hissing on the enemy's
trenches and drove him to precipitate flight, leaving
behind their weapons and equipment. Even in the rear
poslitions and in the adjacent positions to the right
and left the enemy fled from the trenches and left
important war material in our hands.

The first flame attack showed that the use of
flame projectors could be very successful, if the
apparatus was correctly used as regards tactics and
technique and if the flame projectors were properly
fitted into the general plan of attack and into the
duties and formation of the assault infantry.l

‘ Heartened by the success of this first attack, the German

i: High Command authorized an increase in the size of the flame

‘I unit. The energetic Captain Redemann was promoted to major

‘} and tne unit, now officislly knawn as the Third Guard Pioneer

‘ Battalion, was enlarged to 800 men in April 1915, Equipped
with 2 shipment of improved weapons from the Fiedler Flame
Thrower Warks in Berlin, the Pioneers trained hard during the

! gpring months in preparation for an attack against British

: 2

i troops when the opportunity presented itgelf.

Major Redemann and his pioneers first had to prove them-

selves during the Battle of Ypres in July 1915. The objective

was a line of trenches which Britigh troops had seized after

Fig. 1. German assault engineer with flame thrower
HMww,p.j. cirea 1916

2A letter from Hermann Redemann to Brig, Gen. Amos A.
Fries, the CWS Chief in the 1920's, provides a great deal

of information about the German flame engineer troops. See
Redemanr to Fries, Records of the War Dept., General and : Source: “"Bunker Busting," War Monthly 25 (April 1976): 49.
Speclal Staffs, RG 165, MID #2612-64, N.A. . ' asting > (Ap 77 ?

WM'!':'
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bitter and costly fighting. The British positions created a
salient near the ruined village of Hooge, Belgium, and presented
a threat to German units on either side of the penetration.
The mission * the German assault troops was to straighten the
line by recapturing the works held by the enemy.

During the night of 29-30 July, the troops of the British
Eignth Rifle Brigade became uneasy because of the urnatural
quiet which pervaded their portion of the front. No sound
hacd been heard since sundown from the Germans, even though
their trenches lay only fifteen feet away in some places. A
Canadian histerian, citing official British acccunts of the
act.-:, describeg what occurred during the early morning hours
of 3¢ July 1915, in this way

Then at 0315, with dramatic suddenness, came the

carefully planned German attack. The site of the

stableza of the chateau was blown up, while a

sudder hiscing sound was heard by the two rifle

compan‘ns on either side of the crater, A bright

zrimsoir glare over the crater turned the whole

scene rod.  Jets of fleme, as if from a line of

powerful f{ire heses spraying flame instead of water,

shot across the front trenches of the Rifle Brigade

and a thick black cloud formed. It was the first

attack on the British with liquid fire. At the

same time, fire of every other kind was opened....

Thoge soldiers still alive after the first searing wall
of flame inundated the position may well have marveled at the
strange, humpbacked figures moving steadily toward them through

the rolling clouds of o0ily black smoke. The loads they bore

1Brig. Gen., Sir James E, Edmonds, History of the Great Wars
Military Operations, France and Belgium, ¥Yol. IV, 1915 (London-
Macmillan & Co., Ltd., 1928}, cited by Henry Sorenmsen, "Flam i
Warfare," Canadian Army Journal, Vol. 2, Nos. 546 (Aug-Sept 194N
a1,

ST
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bent them over as they negotiated the tortured terrain with an

oddly crab-like gait., The realization that these strange crea-
tures were human, after all, did nothing to lessen their

terrcr as they saw the Germans open valves on their machines
and begin to hose streams of flame into the trenches filled
with wounded and stwmned British soldiera. The few survivors
of the explosions and flame vizited upon them by the German
assault engineers abandoned their positions to the assault
force.

When, several days later, the British were able to recap-
ture the positions lost in the flame attack, two German flame
throwers fell into their hands.

These were found {o consist of a cylindrical

gteel vesmsel about 2 feet high, and 15 inches in

diameter, fitted with straps for carrying, arid divided

1nterna11y into a compression chamber and oil reser-
voir. The propellant was nitrogen at 23 atmospheres
contained in the upper chamber. A short length of

flexible hose ended in a nozzle in which was fitted

the ignition device. As the oil emerged under

pregsure, it forced up the plunger of a friction

lighter and ignited a core of fuze mixture surrounding

the nozzle which remained allg?t long enough to enable

a number of shots to be fired.

While Redemann and his flame thrower troops continued
attacks along the trench lines of the Western Front .nd sent
detachments of engineers to conduct flame operations against
the Russians, scientists working with the German Air Service
were busy developing an aerial incendiary bomb., The result
of their experimentation was a simple device designed to start
fires in enemy cities when dropped from an airplane or zeppelin.

——————

11vid., p. 32.
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Dubbed the "bucket bomb" by the British, the firat German

effort weighed twenty pounds and consisted of a thermite core
tightly wrapped with balls of compressed cotton that had been
saturated with naptha and tar. A simple detonator was
provided to ignite the tin-cased bomb when it hit the ground
or a structure, The Germans dropped over two hundred aof
these bombs in air raids against Channel ports during the last
two months of 1915. While the accuracy and overall results
were gomething of an embarrassment to the Germans, the public
outcry over this latest "Hunnish" action was considersble, The
demand for retribution grew during the early days of 1916.1

As so often was the case in the fledgling air war of
World War I, the actlon-reaction syndrome scon took over and
the French and British began to develop their own incendiary
bomba. After examining several German bombs that had failed
to ignite, British engineers concluded that the greatest
shortcoming of the Cerman munition was its inability to generate
a2 heat of gufficient intensity to ignite any but the most
inflammable structures. Accordingly, the British began tests
on two different bomb designs, emch filled with a variety of

inflammable materials. The two bombs being tested were the

larthur 3. Ray, "Ircendiaries,” Chemical Warfare Service
Mongraph No. 43 (Wash., D,C.: Chemical Warfare Service, A.E.F.,
191%), p. 13. The "thermite” ligted as an ingredient in so
many incendiary bombs of World Wars I and I was a mixture of
finely ground aluminum or magnesium with oxygen-containing
compounds. It did not need air to burn, since the oxygenated
compounds in thermite would supply the oxygen needed for com-
bugtion. Temperatures of about 5,400 degrees were generated
when this mixture was ignited by a detonator.

- %
"Carcasg” bomb (50 1lbe), and the Mark IV or "Baby Incendiary"
(6% oz) which would be dropped in clusters of three hundred.l

During a period of extensive testing of the two bombs in
1916, the British selected a highly flammable mixture of sodium
nitrate, sulphur, rosin, and powdered aluminum as the filler
for their Carcass bemb. The Baby Incendiary, really a tin-
cased dart with a weighted nose containing an lgniter, was
filled with "Thermalloy," a combustible blend of powdered
a&luminum and thenmite.2

Working in concert with their British allies, the French
also produced large and small incendiary bombe during 1916,
The "Davidsen" bomb, containing a mixture of thermite, sulphur,
and gasolins thickeneé with paraffin, and the "Chenard" incen-
diary dart were the producte of French research. By early 1917,
French airmen were employing the Chenard againgt German
installations in France and against industrial and transporta-
tion complexes just over the German borc‘.er.J

The early incendiary bombs employed by the belligerents
were steadlily improved during the war. Scientists on both sides

recognized the characteristics that a proper incendiary must

1"Agents." Bock IT of the Course Material, CWS School
(Edgewood Arsenal, MD : CWS, Dept. of Technique, 1925},
PP. 55-60.

2Ra.y, "Incendieries,” pp. 10, 24,

3"Agents," PPy 58-59.
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possess. By identifying these Xey properties (which still

guide the developers of incendiary munitions), the scientists
and engineers laid the groundwork for improved fire bombs, not
only during the latter stages of World War I, but during Worlc
War II as well. The ideal filler material for an incendiary
bomb should possess the following characteristics:

1. It should burn persistently for an appreciable length
of time with a very high temperature.

2. It ghould burn vigorously and not be easily extin-
guished,

3. It should be of guch character as to distribute
itself over a fairly large area.

4. It should be safe to handle, and should not ignite
by shock »r by being pierced by bullets.

5. It should not deterierate in storage.

6. It ghould be provided with a detonator/igniter that
assures positive ignition.

By the time aviators began to employ incendiariee in
appreciable quantities, ground troops in the tienchlines that
stretched beneath the hombing aircraft had bacome accusteomed to
fire warfare ag well, for the Britizh and French had fielded
their own versions of the German flammenwerfer.

The Britisgh effort in the field of flame thrower develop-
ment was part of a larger chemical warfare program. Early in
1916, a unit was activated under the command of Colonel C.H.

Foulkes. This unit, designated the Special Brigade, had one

1"Chemical Warfare Service Materials Used by the Air
Service,” Chemical Warfare 8 (January 1922): 2. This article
in a gservice journal published by the Tledgling U.S. Army
Chemical Warfare Service drew nearly all of its material ;i-m
official technical publicationa of the British and French “ar

arms. At the time the article was published, the U.S. Cus did i
have some Mark III incendiary bombs in storage, but there was no §

plan to utilize them as incendiaries,
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company, "Z” Company, which had as ite mission the conduct of

flame warfare, This company wag commanded by a chemical
engineer, Captain W.H. Livens, who was to design not only various
flame throwers, but several poison gas projectors as well.1

When the Special Brigade deployed to France in July 1916,
Z Company took with 1t portable flame throwers designed by
engineers working under the direction of the British Minietry of
Munitions. Referred to as the Hall Projector, after its
designer, the weapon weighed fifty pounds, carried four gallons
cf highly flammable o0il, and could throw a fire stream about
thirty meters. The Hall projector differed from most other
models used in World War I because its fuel tank was not
cylindrical in shape, but was a doughnut-shaped "0" ring, Thisg
design, much improved over the years, wag to remain in use by
the British until the end of the Second World h'ar.2

Once in France, the British flame unit experimented with

another portable flame projector, the Lawrence medel, which

10n the British effort in flame warfare during World War
I, see Charles H. Poulkes, Gas! The Sto of the Special Brigade
(London: Wm, Blackwood & Sons, 193%), pp. 1853-168. Also, Leo
Finklestein, "Flame Throwers," Part I, pp. 14-15, in Vol. 15 of
the "History of Research and Development of the Chemical Warfare
Service in World War II" (Mimeographed), Historieal Collection,
Edgewood Arsenal, MD. It ig filed in a voluminous collection of
material that the CWS historians maintained on flame throwers
during_and after WW II. [Hereafter referred to as 314.7 File,
HC-EA.] Finally, look to Scrensen, above, pp. 32-33.

2Finklestein, p. 14,
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was unlike any then in use. Instead of a fuse wick ignition
system, it employed a battery-powered electric spark to ignite
its flame fuel. The British troops found it more comfortable to
carry over rough terrain (it weighed only forty pounds), but
discarded it when autumn rains and the dampnesa of trench con-
ditions often caused the batteries to f‘ail.1

The static nature of trench warfare, coupled with the
difficulty encountered by flame troops in negotiamting the
shell-torn landscape while carrying their bulky loads, led the
British to invest quite a bit of effort in the development of
large flame projectors that could be emplaced semipermanently in
fixed positions close enough to the enemy to fire streams of
flaming oil into the German works, Captain Livens of Z Com-
pany found that, in areas where trench lines were within fifty
meters of one ancother, ne could use emplaced flsme throwers and
accomplish his mission of killing Germans while sparing the
lives of some of his own troops. Before receiving any large
emplaced projecters from England, he had already devised a
workable gystem of his own. Livens used discarded shell
shipping containers from artillery units to make short, large-
cal iber mortar tubes. From these tubes he fired thin-skinned
drums of highly flammabie flame fuel. The drums split open on
impact in the German trenches, goaking into the soil and
splashing into underground bunkers. After sending over a few
of hig homemade shells, he would fire incendiary shells into

the same area, If all went well for the British, the German

Lyaitt, Alden S., “Assault Troops Silence Pillboxes with
Fire," Popular Science Magazine, 141, No. 2 (Aug. 1942), 40,
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position and its occupants would all go up in one loud whoogh
of flame and black smoke.

Livens's experiments preduced a large projector that was
manufactured in England and shipped to the Front for use in
late 1917. Weighing nearly & ton, it could throw a stream of
flame for eighty meters. A similar model, the Vincent projec-
tor, was also used by I Company during 1917. The time and
effort required to emplace these machines outweighed the
beriefits they provided and only fourteen Livens and ten Vincent
projectors were actually used in combat., The war of movement
that followed the Germans' spring offensive of 1918 put an end
to the British use of emplaced flame throwers, Portable flame
throwers continued to be used by the British until the Armistice
was signed in November 1913.1

The French army formed geven units which were equipped

with flame throwers. Designated Compegnies Schilt, after

Captain Scrilt who had designed the French portable flame
thrower, these units, of about 200 men each, fought until the
end of the war. Schilt had designed the French machine while on
duty with the Sapeurs-Pompiers engaged in the defense of Paris.
Utilizing many aspects of the German design, he produced several
different models. His Model No. 3 passed Prench field trials
in late 1915, and by June 1916, the first French Schilt com-

panies were in action. The Model No. 73 was much like other

lFinklestein, p. 15.



35
portables with the notable exception of its fuel. Instead of

heavy o0il, it burned a thinner mixture made up of gasocline
and naptha.l

The French alsc developed large emplaced flame projectors.
Unlike the British, the French never put them into actual combat
use, primarily because of the excessive amount of fuel that the
machines consumed-2

The massive battles along the Somme, at Verdun, and during
the abortive Nivelle Offensive of 1917 saw an increased uge of
flame throwers by all sides, especially during trench raids
and limited attacks. While the German army had lost itse
monopoly on the flame thrower, it continued to rely more upon
this weapon than did either the French o; the British.

' Redemann's original unit had doubled in size in March
1916 and, by April 1917, had been redegignated the Guard Reserve
Fioneer Regiment. Made up of over 3,000 officers and men, the
unit provided highly trained agsault teams +o each German corps
fighting on the Weatern Front and sent other groups o train

Austrian flammenwerfer teams fighting in Ttaly. The assault

teams were composed of one officer, nine NCG's, and thirty-four

enlisted men, In addition to their flame throwers, the German

1Leonard L. McKinney, "Portable Flame Throwers in World
War IY," U,S. Army Chemical Corps Hist. Study No. 4, (Dec,
1958), p. 10 (mimeographed), CWS 314.7 File, HC-EA,

2Pinklestein, pp. 7-17.
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seldiers carried new light mackine guns and explosive charges

designed te neutralize enemy strongpoints.1

Although the Germans continued to improve the tactics by
which flame throwers were employed, the overall effectiveness
of the German program began to suffer as a result of the ever-
tightening British blockade of German home industries. Plagued
by shertages in petroleum, brass (for valve fittings), and
rubber, the Fiedler company was hard-pressed to supply the
steadily expanding needs of the enlarged flame outfit after
mid-1917. In an attempt to overcome the problems of lagsened
support by industry, the engineers set up field shope where they
not only repalred many of their flame throwers, but actually
manufactured rather crude copies of the Fiedler pro jector.

Prior to the entry of the United States into World War I,
all the major participants of the fighting in France had become
accustomed to flame attacks. As in the case of certain other
weapons that depend largely upon fear for much of their impact,
the flame thrower was beginning to lose some of its effective-
ness ag troops came to realize how vulnerable the flame thrower
operators were, particularly once their flame fuel was exhausted.
By mid-1917, the flame projector had been accepted as a valuable

weapon which was most effective in the hands of specially

1Theune, Pp. 4-6, See algo Alden H. Waitt, Gag Warfare
(New York: Duell, Sloane, and Plerce, 19i42), p. 116,
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trained and highly motivated cperators.1

General John J. Pershing's arrival in France with the firg
contingent ¢f what was to become the American Expeditionary
Force, in June 1917, marked the beginning of the end for German
war hopes. The American contribution of men and materiel was
enough to swing the balance in the favor of the British and
French. Important as the American infusion of strength may
have been, it wag largely expressed in terms of raw rescurces.
The will to fight was perhaps the greatest asset the Americans
passessed. The A.E.F. was lacking in combat experience and
equipment. These shortcomings were particularly noticeable in
the field of chemical warfare. When the A.E. F. headquarters
group landed in France, it had no capability for planning
chemical warfare operations, no authorization to conduct chem-
ical operations, and no troops trained in the use of poison
gas or flame.

Moving with the drive that was to typify his command of
the A.E.F., Pershing soon requegted that the War Department
grant him the authority to establish a apscial service in his
forces that would be charged with the planning and prosecution
of chemical operations. Even before he received a reply from
the War Department, and at the urging of British advisors, he

ordered hia chief of staff +o provide funds, troops, and the

1The controversy over the effectivsness of the weapon and
the danger to its operators will be discussed at some length in
the next chapter. By 1917, all three armieg (French, British,
and German) conducted regular schools for flame thrower operatorsg
and emphasized combined arms teams in the assault.
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autherity required by an officer chosen to "create and handle”

an organization deveoted to the conduet of chemical warfare.1

The A.E.F. Gas Service, established on 15 July 1917, was
expanded when, in mid-August, the War Department granted permis-
sion for a Gas and Flame Regiment. Lieutenant Colonel Amos A,
Fries, of the Corps of Engineers, was appointed as commander of
the new regiment on 15 August 1G617. Fries immediately established
a close relationship with Colonel C.H. Foulkes of the British
Speclal Brigade that was to last throughout the wa.r.2

From the beginning, Fries's main concern wag the use of
poison gas and the equipping and training of American troops in
gas countermeasures. COne company of the regiment, now
designated the 30th Engineers (Gas and Flame), was charged
with the conduct of flame operations. This unit, always under-
strength, began to familiarize itself with the various types
of flame projectors Iin use during the early months of 1918. Like
€as masks, flame throwers were not part of the equipment brought
to France by the Americans. The American flame engineers
trained with borrowed weapons and waited for a ecall to action

that never came. They shared the frustration felt by many

'Lt. Col. John M. Palmer, Memo for the Chief of Staff,
AEF, Subj: Gas and Flame Service, Offensive and Defensive,
30 July 1917, in the "History of the Chemical Warfare Service,
American =xpeditionary Forces, General History, App. 2"
(Unpublished official histery). This document is retained by
the Higtorian's Office, Edgewood Ar., MD.

ZGeneral Order #8, AEF, 5 July 1917. The United States

Army in the World War: Bulletins, HQ, AEF {Wash., D.C.: GFD,
19555. P 23.



39

members of the Regiment at large. American commanders,
ignorant of chemical warfare matters, and distrustful of the
capabilities of the 30th Engineers, simply did without much of
the support they might have received had they but asked.l

While U.5. chemical troops in France tried to learn about
chemical warfare ag quickly as possible, and the tiny U.5. air
service tested French Chenard incendiarieg, the War Department
established an agency in Washington, D.C. to coordinate the
divergent efforts of five different agencies charged in some
way with the support of the American chemical warfare effor‘t.2
Two of these agencies, the Bureau of Mines and the Army's Corps
of Engineers, were regponsible, respectively, for research into
chemical agents (including flame fuels) and the development of
flame projectors. The Bureau of Mines let a contract with
American University for experimenis with flame fuels in early
1918.3 The Corps of Engineers experimented with various

portable flame throwers and, in mid-1%18, approved a copy of

the British Lawrence projecter as the standard American model,

1Brooks E. Kleber and Dale Birdsell, The Chemical Warfare
Service: Chemicals in Combat (Wash., D.C.:~ GFO, Ig y PB. 4.
For a first-hand account of life in the 30th Engineers, look to
William L, Langer, Gas and Flame in World War I {New York:
Knopf, 1965),

2Bureau of Mines, Army Medical Department, Grdnance
Department, Signal Corps, and Corps of Engineers.

3The work done at American University during 1918 ig
recoerded in a "Summary of the Development of Liquid Flame
Projectors and Fuel at American University," Pyrotechnics

Monograph, Regearch Division American Universitly Experiment
Station, VoI, 3% iWash.. D.C.+ GPO, 19135, PP. 125-137.
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Known as the Boyd No. 3, it e¢oull expel flaming oil for nearly
forty meters, but weighed eighty pounds. The few Boyds that
were ghipped to France for service tests were guickly rejected
as being too heavy for a combat-equipped soldier to ma.nage.1

In September 1918, a large steam-driven flame projector on
caterpillar treads was shipped to the A,E.F. headquarterg for
tests. Invented in the United States by a Major Adams of the
Corps of Engineers, it was demonstrated for General Pershing
at Chaumont, France, in early October. Piring flame over eighty
meters, it impressed the gathered officers until Colonel Fries,
the A.E.F. Chemical Officer, demonstrated how easily it could
be destroyed as he moved to & position in front and a little to
one gide of the powerful fire stream. Dropping to his hands and
knees, Fries crawled under the jet of fire to within six feat
of the device. The firing crew, blinded by glare and the
shimmering heat waves, had not seen him approach. The Adams
flame thrower tank was discarded.2

During the last year of the war, the British and French
continued to improve their aerial incendiaries. They experi-
mented with new bomb casing designs and began to employ, on a

limited scale, spontaneously inflammable liquid fillers. 1In

1McKinney. "Portable Flame Throyers....." p. 11. Also,
se2 Benedict Crowell, America's Munitions (Hash.; D.C.: GPO,
1919), p. 220; and Finklestelin, "Flame Throwers, p. 17.

2'I‘his account is eontained in a letter from Maj. Gen,
(Ret.} Amos A. Fries to Maj. Gen. Wm. N. Porter, CWS, September
12, 1942, Records of the Chief, CWS, RG 175, Box 234, N.A.
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October 1918, the U.S. Army Air Service dropped several copies

of an American-made incendiary bomb in a tegt at Edgewood
Arsenal, Maryland. Designated the U.S, Mark III, this bomb
welghed forty-six pounds and measured 6" x 36", Within a steel
caging weighing ten pounds, it carried ten pounds of thermite
and sixteen pounds of an o0il emulsion. The Ordnance, Air, amd
Chemical Service officers who witnesged the demonstration were
30 impressed by the results that they persuaded the Chief of
Ordnance to order the production of 25,000 bombs, More than
2,000 had heen produced by November 1918, but none were shipped
to France. The Allijed vietory cancelled any further testing
of incendiary weapons in the United States. The bombs already
delivered to Edgewood Arsenal were moved to a temporary storage
area to await disposition. Halted tco by the Armistice wasg
the German employment of their recently develcped "elek%tron®
bomb. Weighing just over two pounds {1 kilo}, thig magnesium
bomd had demonstrated its capability to generate intense heat
when, in clusters of 228, it had been dropped on Faris during
raids in September 1918, The production of this very efficient
munition highlighted the disparity between the German and
American incendiary programs.1

The end of hostilities on 11 November 1918 brought to a
close a chapter in the history of flame warfare. The impagt
of flame throwers and fire bombs had been f=lt throughout the

—_———

lﬁay, "Incendiaries," pp, 13-17, Also, "CWS Materials
Used by the Air Service," pp. b-§,
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pericd 1915-1918, but was most prancunced during 1915 when the

shock effect of fire was greatest., With regard tc the flame
thrower, usually identified with the German army, Allied
journalists had been quick to point to its shortcomings. The
London Timeg, in its yearly illustrated history of the conflict,
provided this bit of informatien for its readers:

The effect of the burning liquid was %o saturate
and set on fire the clothing of the men it hit.
That the results gained by this brutal WEADON were
of nc military value was indicated by the following
report of an officer:

"Its effect may be very easily exaggerated.
When you gee it for the first time it rather gives
You the jumps. It looks like a big gas jet coming
towards you, and your matural instinct is to jump
back and get out of the way. A4 man who thinks
nothing of a shell or a bullet may not like the
prospect of being scorched or roasted by fire. But
in my experience, the effective range of the
flammenwerfer is very limited, and the man who
manipulates it as often as not is shot or bombed
by our fellows. They call it devil's fire, but
when they recocver from their first fright they care
for it ms little as for the devil himself., The
actual cases of burning by devil's fire have been
very few! There wag, however, evidence to show that
at firgt the flammenwerfer did produce considerable
effects, and it ig certain that these were obtained
at the cost of great torture to the men hit.-

While experienced troops might suffer flame attacks with
equanimity or even become somewhat blasé after repeated exposure
to flame warfare, the effects of flame upon troops unacquainted
with it were much the same in 1918 ag they had been in 1915,
Thue, the reaction of Ameriecan troops subjected to a flame
attack was fear, followed by outrage. 0On & October 1918 a
battered group of U.S. 7?7th Division troops was atitacked by

——

The London Times, History of the War, vol. X {London,
19173}, p. 423,
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flame thrower units in the Argonne Forest. This body of
soldiery, which would win fame ag the "Logt Battalion," came
very cloge to surrendering when assaulted by German Death's
Head Picneers attached to the 254th Reserve Infantry Regiment.l

After running out of fuel, the Germans withdrew. Hag
the Germans been able to Press the attack, the story of the
Lost Battalion would Probably have had a different conclusion,
When the beleaguered force wads relieved the following day, they
were nearly out of ammunition, famished, and clearly on the
verge of collapse, As the authors of the Lost Battalion's
history have said, the survivors of the action tended to confuse
many specific points of historieal detail when relating their
experience in the Argonne, but they all remember the flame
throwers-2

Flame warfare during World War I capitalized more on
man's inherent fear of flame than upon the efficiency of the
incendiary weapons themselves. The Practitichers of fire
warfare in the air and on the ground found that the limitaticng
of their flame weapons revelved around the improvised nature of
the equipment, the lack of any clearly thought~through tactical
doctrine, =nd the insufficient training of those men charged
with the actual employment of the weapons. When the natural

——

1Commanded by Major Charles S. Whittlesay, the American
force was made up by fragments of four rifle companies, from
the 307th and 308th Infantry Regiments, whieh had been cut offl
by German troops after a teo-quick advance in the Argonne Forest,

2Th0mas M. Johnson and Fletcher Pratt, The Lost Battalion
(Wash., D.C.: Infantry Journal Presg, 1943) ,7p. 36.
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hazards associated with Unproven weapons are magnified by the

knowledge that the operator could, as the result of an accident,
become a human torch, it is little wonder thet thoge men handling
incendiary weapens of all kinds were often less than enthugias-
tie about their joba.

Successful flame atiacks, as practiced during the Firgt
World War, were all conducted by Europeans, As the war ended,
only Europeans posseassed any sizeable body of technical infor-
mation of flame warfare, The Americans had little if any
practical lmowledge that could be gained from experience with
flame weapons in combat, Intimate mowledge of the strengthg
and weaknesses of various flame devices, flame taining methoeds,
and organizational concepts of flame thrower and aviation
suppert units belenged to the French, Britigh, and Germans--not
to the Americans., Witn the rapid dismemberment of the wartime
U.3. Army soon alter the Armistice, what little informaticn had
been garnered by wartime goldiers wag largely logt as they
returned to their Peacetime pursuits and tried +to forget the
war,

Some American officers, particularly those in the goon-to-
be-disbanded 30th Engineers, may have wondered about the fact
that there had been no talk among the Europeans of scrapping
their flahe weapons or that the French and British would con-
tinue to train young officers in the techniques of flame combat.
Many Americans seemed to regard the flame thrower, especially,
4s & highly overrated weapon. The fact that the U.S. Army had
failed utterly to equal the Europeans in developing flame

Weapons may have caused some patriotic Americang discomfort,
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This failure was eagy to forget if one could rationalize it
by disclaiming the incendiary weapons altogether.

In spite of all the shortcomings of the early flame
weapons, those on both sides who were enthusiastically committed
to the concept of flame warfare had produced weapons that
gshocked those unlucky enough to encounter them on the battle-
field, Threough innovation and determination these championg of
fire warfare had provided a modern form for cone of man's
ancient fears. In the process, they sparked an argument that
would smoulder for the next twenty years in the U.5, Army, a
question that would only be resolved with the dissolution of

peace and a return to war.

CHAPTER IT
HE DOLDRUMS: 1920-1939

Upon their return to the United States, the cfficera of
the A,E.F. Chemical Warfare Service faced a new battle, for
serlous questions were being raised about the continued need
for a separate chemical service in the rapidly sahrinking
peacetime army. The Army Chief of Staff, General Peyton C.
March, and even General Pershing, the driving force behind the
creation of a Chemical Warfare Service coverseas, now felt that
the Corps of'Engineers could carry out the gas and flame mission.

Amos A. Fries was, however, unwilling to give up the
fledgling organlzation that he had led for one and a half years
in France. After returning from oversesas, he had reverted to
his regular grac: of Lieutenant Colonel. As the Chief of the
A.E.F. CWS, he round himgelf in somewhat of a delicate position,
for there was a major general in Washington who also presumed to
speak for, and about, the Chemicel Warfare Service, Since June
1918, Major General William L. Sibert had functioned as Chief
of the CWS, National Army. In command of all chemical troops
and installationa in the United States, General Sibert was some-
what discomforted by the arrival of Fries and his staff from the

battle area. In spite of this strained condition, Fries
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began hig campaign to save the Chemical Service.

The determined celonel first managed to persuade the
Secretary of War, Newton Baker, to extend the 1ife of the CWs
for one year, in order tc hear arguments on both sides of the
question regarding the CWS. Then, taking his fight to Congress,
Pries won the support of two very influential peoliticians,
Representative Julius Kahn, Chairman of the House Military
Affairs Committee, and Senator George Chamberlain, Chalirman of
the Senate Military Affairs Committee. Because of his deter-
mination and aggressive recruitment of supporters, Fries was
able to overcome the antipathy of General March, and neutralize
Pershing's Oppusition.2

Pries's efforts were repaid when, on 4 June 1920, Congress
amended the National Defenge Act ¢f 1916, and in so doing
provided for the creation of a new Chemical Warfare Service as
a permanent branch of the Regular Army. The lawmakers charged
the CWS with the development, procurement, and supply of gas,
smoke, and incendiary materials. In addition to training,
equipping, and organizing Chemical Service troopa, the new

branch would become responsible for educating the regt of the

1 l i i n the CWS during the

For mere detailed information o
period November 1918-June 1920,see Lec.P. Brophy and Georgew
J.B. Fisher, The Chemical Warfare Service: Organlzlng‘fof ?r
{Wash., D.C,: GPQ, 1959), pp. 11-18; and Kleber and Birdsell,
Chemicals in Combat, pp. 24-25.

2 ! t OWS is covered in the official
The fight for a permanen C
CW3 historiesgbut a more interesting treatment may be found in
Frederic J. Brown, Chemical Warfare, A Study in Restralntg
{Princeton, N.J.: Princeton Univ, Press, 1968), pp. 77-78.
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army in the offensive and defensive technigues of chemical

warfare.1

Amos A, Fries was appeinted as Chief of the new branch
and regained his wartime rank of Brigadier General, Initially
he had 108 officers and 1,544 enlisted men in his command,
Within a year, though, the CWS would shrink to less than one
hundred officers and fewer than five nundred enlisted trocps.2

Undaunted, Fries established his headquarters in the
hastily constructed buildings at Edgewcod Arsenal, which had
sprung to life as a chemical munitions gite in 1918. As soon
a8 housekeeping details were !roned out, Fries get about
convineing the Army and the nation at large of the importance
of a strong toxic €ac defense for the protection of the United
States. The task would not be easy. The nation had turned its
attention to peaceful pursuiis and was little inclined to main-
tain a high level of defense spending. Horrified by the
employment of poison gas in World War I, a number of different
€roups were already working to have toxic chemicals banned by
international treaty. Lacking money, and theroughly alarmed
by the anti-gas mentiments of Pressure groups, Fries directed
his staff to begin Publishing & monthly newsletter to be mailed

to former CWS officers now returned to civil life, to maintain

“Act of June 4, 1920 (Public Law 242), ch. 227, sec. 12a,
66 Stat, 768,

‘EBrophy and fisher, Organizing for War, p. 26. The table
on this page lists the military personnel strength of the CWS

from 1918 to 1946, By 1921, the CWS was composed of only 79

officers and %42 enlisted men., It hit votton in 1923 with a

strength of 64 officers and 363 M, Compare this to the high
of 19“3--8.103 off., 61,688 Em,
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and cultivate contacts with the civilian chemical industry,
and to tzke  hard look at current CWS programs to see what
expenses might be cut, thereby streamlining the Edgewocod
operation., His fears were well founded, for the CWS received
only $1,350,000 for its sntire operation in Fiscal Year 1922.
In the following budget, this already meager sSum Wwas cut to a
mere $600,00017 |

One of the first cuts made by the CWS staff wag in the
research and development program for incendiary weapons.
General Fries had not been favorably impressed by flame throwers
or incendiary bombs during World War I and saw no need to expend
his meager funds on continued development of weapons he deemed
distinctly subordinate to toxic gas. Contributing to the
problems of continued experimentation with incendiary bombs
especially was the fact that the Ordnance Gorps had been chargsd
with the design and manufaciure of all aerial bomb casings

. . 2
uzed by the new Army Alr Service.

IThe newsletter, entitled aptly enough ghezicang?rgare,
was the forerunner of the Chem1c§l Warfare Jeurnal. Jer 2
discussion of the actions of anti-gas pre;sure g;gzgr,to S e
L sden Taagnatary fea 028'igg'figazuél;e;ggvappropriated for

Tinanced w . 3%

é%ﬁl; ;ﬂipgzngasThe first funds provided spec1flﬁailgff3in:hgo|
(WS were appropriated by the 67th Congress. ngethg e
1921 (Public Law 27), ch. 33, 67 Stat. 92. the smaller
amount appropriated for the I‘ollowlgg yeari‘ssee .
1922 (Public Law 259), ch. 253, 67 Stat. 746.

. 227, sec. 170,
2 4, 1920 (Public Law 242), ch, 2

1) StatAc;GBf JK?ZO War Dept. General Order 54, Sec. IIIc,

28 Aug. 1920.
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As early as June 1920, Fries had made hig feelings con-

cerning flame throwers known in a reply to a farmer asking
about the possibilities of buying war-surplus flame throwers.

+-:I have to advise you that they [ flame throwers ] are
entirely toc inefficient to be useful for burning
weeds,

Notwithstanding the wide advertising they have
received they were thelmost inefficient weapons
introduced in the war.

The CWS Chief did not confine his adverse remarks about
Tlame throwers to official correspondence. Within two years
after returning to the United States from France, Fries had
completed a boex {eoauthored by Clarence J, West) which was to
gerve as an unofficial history of the A.E.F. Chemical Warfare

Service during World War I. The book, entitled Chemical

Warfare, was designed to project Fries's concepts and to argue
in favor of gas warfare. Widely read by military men in
England and the United States, it was also translated into French
and German and bYegan to draw notice on the Continent am well.
In Its discussion of the activities of the American chemical
troops during the war, the book dealt almost exclusively with
their major function, the use of poison gas. Fries argued
forcefully for continued development cf the various toxie
gasses, which he felt might be primary weapons in any future
confliet. 1In the book, he brushed agide the chjections of
those who called for an end to the development of toxins,
ingisting that ir everyone had powerful weapons, no country
would be tempted to attack itg neighbor. As far as Fries was
—_—

'Lieut. Col. Amos A. Fries, Chief, CWS, %o T.B, Gilvert,

Subj: Flame Throwers, 28 June 1920, Chief, CWS Records, RGC
1?75, File 470.71/1065, N.A.
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concerned, "Every development of science that makes war more

universal and scientific makes for permanent peace DY making

war intolerable."l

Fries's comments on the desirability of increased univer-

sality in weapons did not, 1t seems, apply to incendiary

weapons. The reader is able to sense a re jection of incendiary

weapons not solely on technical grounds, but upon & personal

repugnance ag well. The General made his case against flame

throwers by saying:

0f the incendiary materials used [in World War 1]

the least valuable is the flame thrower. In the
Chemical Warfare Service it has been the habit for

a long time not to mention the flame thrower at all,
unless questions were asked about it....Even the
German, who invented it and wha, during the two years
of trench warfare, had full opportunity for developing
itg use, finally came to using it largely as a means
of executing people that he did not want to shoot
himself, Men falling in that class were equipped with
flame throwers and sent over the tep, The German
knew, as did the Allies, that every man with a flame
thrower became a target for every rifle and machine

gun nearby.

1See amos A. Fries and Clarence J, West, Chemical Warfare
(New York: McGraw-Hilit, 1921}, p. 3. Fries's book suffers from
the lack of footnotes, bibliography, or index. The reader 1is
left to assume that Fries has some basis in fact for his conten-

tions.

2Fries and West, Chemical Warfare, pp. 305-312, 401. The
comments made by Fries regarding flame throwers sound a great
deal like those made earlier by S.J.M. Auld in a book that is
algo devoid of annotation or bibliography. In Cas and Flame
(New York: George H. Doran, 1918}, p. 194, Auld sald:

"Service in the Cuard Reserve Pioneers is apparently a

form of punishment. Men convicted of offenses in ather

regiments are transferred there either for a time, or

permanently, and are forced under threat of death to

engage in the most hazardous enterprises....”
In the case of incendiary bombs, Fries had said in a 1922 CWS
report, "Purely incendiary materials are generally of much less
importance [than smoke]," Cited by Leo P. Brophy, Wyndham D.
Miles and Rexmond C. Cochrane in The Chemical Warfare Service

From Laboratory to Field {Wash., D.C.v GPG, 1959}, Pp. 167,
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While the Chief of the CWS was not always able to convince

the general public of the neceasity for maintaining a strong anti-
€as defense posture, his personal inflwence over the tiny chemical
branch of the Army wag surely pervasive. And, as a Weet Point
graduate with a successful career as an Engineer officer in
the years before World War I, Fries was equipped to deal with
the intense intramural rivalries that afflicted the U.S. Army.
In the peacetime Amy of the 1920's, the general holding the
chair 'of "Chief" of each branch not only was the final arbiter
for disputes within his serviee, but was regarded ag the
legitimate official spokesman for his branch by the other
service chiefs. Hia control over kls subordinates was enhanced
by the fact that hs had appreval authority over all promotions,
transfers, and jaob assignments within his service. Until nisg
retirement in 1929, General Fries could be assured of seeing hig
orders promptly obeyed and his pricrities served., He was,
within his sphere of influence, a very powerful person.1

While developmental work continued during the 1%20'c
on toxic gasses and various defenge measures designed to reduce
gas casualties, little effort was made to keep abreast of British

and French advances in flame weaponry,

1

The power wielded by the Chief of a i i i
Eﬁ: g:}%meg?%:nl? aptly treated in an officgziv;f;y(}lxgs:gls C?Se
Herbertpg £ gineera. See Blanche D, {oll, Jean E Keiig °
poosert t.(w senthal, The Corps of Engineers: Troogé d »and
Ego Em n gsh., D.C.: GPD, 19 + PP+ 4=6, Also 1°a2
tinﬁeg :2lel§her, Or‘ iz?n for War, pp. 26-30, Frigs zgn—
Jinu alarmegaovan :ctlve life until his death in 1963, Becomi
wery Blar bl'Er he growth of Soviet military strength, P feat

pudblished a polemical diztribe entitled Communismrles

Unmasked in 19737 In it i
. he ha i i
bulwark protecting the wérld fréiscgggin?:;many as the zaln
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Having scrapped the few Boyd flame throwers produced

during World War I, the CWS rid itself of the last vestige of
its wartime fling with incendiaries in Septemuer, 1921, During
July and August, Army Air Service planes under the command of
General Billy Mitchell had conducted test bombings of geveral
0ld German battleships in Chesapeake Bay. He had requested that
the CWS provide him with bombe that could be dropped to create a
gmokescreen. At the direction of Geperal Fries, the last Mark
III incendiary hombs left in the Army arsenal were emptied of
their thermite filler and refilled with white phosphorus. The

Chemical Warfare journal carried an article several months later

in which the daring tactics of the airmen were extolled as the
bombing technique of the future. OCne had only te approach the
target at 200 feet, drop the smoke bomb on the battleship deck,
and fly away. Unfortunately, the process DYy which this bombing
technique was perfected had required all the incendiary bombs
manufactured during 1918.1

Twenty years later, when the U.S. Army Air Forces requested
incendiary bombs and air staff officers began %o look for a
plausible explanation for the lack of these items, some must
have blamed General Fries for the failure to develop new incen-
diary bombs after World War I. Certainly Fries must share part
of the onus for American unpreparedness in the field of incen-

diary weapons, but his pergonal antipathy toward flame was only

g 1"Smoke Sereens," Chemical Warfare 8 (15 January 1922):
5-6.

not function well,

the weapon.

pp. 179-180.

a part of the pervasive problem of unpreparedness that afflicted
e

the U.5. Army prior to World War II. The bases for U.S

unpreparedness lay in national policy after World War I d i
and in

the fai
ailure of the Army General Staff to identify requirements

for new weapons and doctrine. The conservative atti tudeg

revalen perfect yatem
P ent among Army leaders combined with an im sys

fo test Ew cepts to ser u ad the abilit a
r Sting n con =] iously degz -] n i1 Y £

the U.3.
Army to prepare for war, These I2ctors were as impo
r-

tant a i
8 the lack of monies so often cited by official historie
as the culprit. )

Al R . .
ex Roland, in studying military opposition to new types

of wea

pons, has gstated that conservatism, morality, and Pragm
tism a i | N
11 seem to be involved in the problem of weapcns develop

ment. Asi i
side from General Pries's persenal feelings regarding

the impo i ili
portance or desirability of fiTe warfare, his objection

to flam
£ weapons on the grounds *hat they had not worked well

in World w i
ar I seemg to f£it Roland'sg analysis,

The pragmatic obj i
fac Je?tlon stemmed from i
[ofﬁiggit'ﬁhe weapone did not work....HoweEE; S%ﬂp%e
fulfillig pragmatic objection wag also a seif— =
TulrilLs & prophecy. The [U,S.] military ref
adop ese weapons because they had failed osed to
mbat--[and the weapons failed becan

military had failed to adopt theml%rgely because the

n : .
spite of Fries's assertions that flame throwers diq
there were still some lingering interest in

Duri '
uring the 1920's and early 1930's, requests for

———

1
Al
ex Roland, Underwater Warfare in the Age of Sail
’
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i ive at Edge-
information about flame throwers continued to arriv

vi as their
wood Arsenal. The correspondents were as varied

i en of a
reasons for wanting a flame thrower. The fire ward

i 3 vho thought
forest preserve in New Jersey, a farmer in Florida w

i of
that a good dose of flame might cure hig cabbage plants

3 ish Embass
two-spot mites, and the military attaché at the Pollsh ¥

3 iviliang
in Washington all wanted to obtain flame throwers. The cl

, The
were told that the CWS had no old flame threwers for sale

Polish officer was advised that:
Flame projectors are not a part 2f t?iaiqup_
ment of the troops pertaining to Fhe uiemt 21 ore
Warfare Service, nor are such devices,kep
by this service for any probable use.
By 1926, the translated version of Pries's book had been
’
circulated throughout Europe. Predictably, it had prompted a
v As
strong reaction from German preponents of flame warfare
i ar;
evidenced by its wartime enlargement and reputation, the Germ
i arm
flame regiment had been highly regarded by many German ¥
officers. - .
At the time that Charles Theune had written his article

i i 8]
about flame throwers for the Artillerigtische Monatshafte (192

the German army had just been forced to scrap all of its

aty of Versailles.
"offensive” weapons by the terms of the Treaty

1Maj. A, Gibson, CWS, to New Jersey State fi;;wa;gig.#u?ol
Trenton, N.J., Sudbj: Flame Throwers% lg éug§§§193 éubj- Lo
{ and Li 1. C.R. Alley to A,FP. v Subj:
71/1250; and Meut. O ile 29,2/67, both found in RG 175
Thzoweii E Ezzr;:§¥ i?jﬁilgzn. gzs, to J. Tomaszewsk%,Jﬁ;:achéi
g;lash E;bassy, Wwagh., D.C., Subj: Flame Throwers.
1933, File #1304-J-14, RG 165. N.A.
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The Guard Reserve Pioneer Regiment wag demoblilized and its
officers transferred or retired. To retired Colonel Redemann,
Fries's remarks about German flame ihrowers and the agssignment
of German troops to the flame regiment as punishment for previous
offenses constituted gratuitous and unfounded abuse.1

Redemann’'s rejoinder to Fries was gent in a long letter
forwarded with a translation by the U.S, military attaché in
Berlin. Redemann refuted all of Fries's assertions about fiame
weapons and backed up his argument with a number of inclosures
in the form of statements from high-ranking German war leaders
who had seen the flame unit at work during the war. The state-
ments of Generals Schmidt von Knobelsdorf, von Losgberg, and the
former Crown Prince display a strong, even emotional, bias in
favor of the Gemman weapons and tactics employed, Despite
their obvious attempts to skew their recital of past actions
in favor of the German gide, the meticulous manner in which
the generals attested to the lethality of flame throwers employed
by well trained assault teams lent credence to Redemann's

assertion that Friea and West were guilty of rather shoddy

lFred L. Israel, ed., Major Peace Treaties of Medern
History (New York:i Chelgea House, 19677, Val. II, "The Treaty of
Versailles, June 28, 1919, Arts. 171, 172, 180, pp. 1367-1371,
The Austrians and Hungarians, former allies of Germany, were also
denied the further use of flame throwers. See Israel, Vol. ITI,
"The Treaty of St, Germain, Sept. 10, 1919," Art, 135, p. 1582
for Auatria. For the treaty with Hungary, see Yol. II1, "The
Treaty of Trianon, June &, 192G," Art, 119, p, 1906, 1In each
case, the flame weapons were %o be turned over to the represen-
tatives.of Britain and France--who continued to test and improve
their flame throwers during the 1$20'g and 193@'s. Redemann's
criticism of Fries's treatment of flame throwers found in a letter
from Hermann Redemann to Brig. Gen. Amos A, Fries, Chief, CWs,
Thru: Maj. Herman H. Zormig, U.S. Army, Military Attachf, U.s,
Embassy, Berlin, Feb. 29, 1928, File #MID 2612-6k, N.a, 4 copy
is also found in RG 175, Pile #470.71/32, N.A.

o
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research or, worse yet, simply had relied upon the accounts of

dubious sources of information. In his letter, Redemann said:

apparently their knowledge of this means of
combat is not personal, but, on the contrary, they
have accepted newspaper accounts and the verbal
statements of others, which as 8o often,waa the case
in the World War--are absclutely false.

General Fries replied to Colonel Redemann, acknowledging

that "Here and there in the book will be found rather unimpor-

tant statements which in the light of present knowledge, the

focts do not bear out." Continuing his reply, Fries maintained

that, to the best of his knowledge, none of the former Allles

were stiil interested in flame thrower development, that

American troops had never been attacked by flame throwers, and

that, "The use of any such equipment in any army today has been

discarded as not being of sufficient worth."2

It may seem incomprehensible that the Chief of the CWS was

truly unaware of the continued experimentation deing sarried out

on flame weapens by the British and French, for during the 1920's

the faculties of the British and French chemical schools

regularly corresponded with the faculty at the CW3 school

located at Edgewood Arsenal. A careful review of the records

of the CWS leader reveala no evidence of any request by Fries

for information on foreign flame devalopmenta. One might

expect a graduate of the Military Academy to pursue a geientific

approach to weapons analysis.

loedemann to Fries, p.» 1 of transiation by Zornig.

2Brig. Gen, Amos A. Fries to Hermann Redemann, Thru:
Military Attaché, U.S. Embassy, Berlin, Subj: Flame Throwers,
1 June 1928, File #461/4788, RG 175, N.A.
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The fallure of Amos Fries to encourage the members of his

small headquarters to seek informatien on foreign developments
or to allocate scarce rescurces to flame.research may well have
stemmed from the common tendency to reinforce success rather
than attempting to reverse an earlier failure. In the CWS .-
the 1920's, toxic gas was regarded as a weapon of almost uniimited
potential for future wars. The successful employment of toxins
by U.S. forces during the Meuse-Argonne . :ensive of October
1918 had done much to convince CWS officers that poison gas was
effective. The fact that many officers in other branches did
not share the CWS optimism only increased Fries's determination
to eontinue improving the offensive and defensive gas warfare
material in the CWS inventory. As Fries frequently noted in
articles as well as in his book, toxic gas was able to produce
enemy casualtles while at the same time reducing U.S. casualties
among protected troopg. In this matter, the official reports
of the Army Surgeon General seem to support Fries for the death
rate among AEF troops admitted to hospitals during World War I
was far less for those who had been gassed than those who had
suffered some type of gunshot or shrapnel wound.1

In contrast tc the often hermlded advantages of toxic

gas, the problems attendant to the early flame pro jectors were

1
The parochialiam of the CWS at i i
C . this tim i
giaiiszizsagg glgdsell in Chemicals in Combat.sp;? géfg;ssegor
i +5. gas cmaualties during World W 5
;zi D:egii;egi :ge Sgrgeon General," pp. ukj—ll?griilvéEOEItgf
nual Reports, 1920, (Wash., D : )
The report shows, on ) 1S, treope hoapsox)
I page 452, that among U.S. i !
ized as gas casualtlies, only 1.73% died.g The mgiggfgtgoggi:al-

among these tro i
higher (B.zéﬁ)_oPs suffering gunshot/shrapnel wounds was much
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entl
considerable, The World War I flame thrower had fregu ¥

operator
appeared to present as great a threat to the hapless op

ili flame
as to his intended victims. The failings of the early

i edial
throwers were sufficient to disqualify them from any Tem

] i de b
effort on the part of the U.S. Army. This decision, ma Y

that
the CWS Chief, deprived the United States Army of 2 weapen

inui i re ject
Great Britain and France were contlnulng tc improve. To J

flame weapons on the baslis of only limited information regardir.lg
their past use, to deny that any potential existed without & fair
testing of the weapon, would seem to indicate a serious lack.of

vision on the part of the CWS Chief and his staff, This failure

i evelop-
was exacerbated by an inadequate assesgment of foreign d P

ments in weaponry.

The Chemical Warfare Service was net the only branch of
the U.5. Army that was attempting tc develop modern weapons
without the very real benefit of pertinent information about
foreign developments in itg field. The Ordnance Departiment

j T rt-
algo suffered, 1In an official history of the Ordnance Depa

t thi th of
men the authors comment upen the reasons for his dear
)

information from overseas.

Americans had long realiged that informagizzlop_
about the types of §quipmen;n12igseigrnggdgztually B
el armiee was '
222:t§igf;§in%? for ordnance researchhanfggngligtint
Put during the -
work for the U.S. Army. E d he 193e.
i i ata on detalls
nical intelligence, that is, d ) s ol
i i facturing methods, w
A e i i 1ligence that what
i twined with military inte £t
;?.Ii:red through tc the Department was cas::i.‘ 3.22““.
tended to leave research to proceed in a n
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The U.5. Army's disregard of developments in

foreign munitions before 1940 is a perpftual

gource of astonishment to the European. -

In mid-1930, though, there was evidence of increased
interest of some members of the CWS staff with regard to flame
weapons. The Redemann correspondence had floated through the
staff sections at CWS headquarters for seversl weeks during
1928, Perhaps coincidentally, the year after General Fries
retired, the American attaché received a request for information
that had been forwarded by the War Department G-2 Staff. The
new chief of the CWS, Major General Harry L. Gilchrist, had
asked that the attaché secure two lecture outlines from the
French Army Chemical School. The two lectures, normally pre-
sented to French stafrf officers, were the only lectures that
the CWS waee interested in having, although many such outlines
had been offered under the information exchange program that
year, The original letter from the Headquarters, CWS, to G-2
Intelligence had stated:

:+»the Chemical Warfare Service is_interested in

two of the documents offerred sic] in paragraph

(b) of the basic communication, wiz. "Flame

Throwers: Portable Light Flame Throwsr." and "Flame
Throwers: Heavy Type Flame Thrower."
Possessing only the limited information on foreign

developments that filtered down to the branches from the War

Constance M. Green, Harry C. Thomson, and Peter C. Roots,

The Ordnance Depariment: Planning Munitions for War (Wash.,, D,C.:
GFQ, 1955}, p. 250,

“Maj. William N. Porter, OWS, for the Chief of oS, to
the Assistant Chief of Staff, G-2, War Dept., Subj: Lecture
Outlines, 16 June 1930. RG 165, File #MID joj-w—ﬂh. The French
lesson outlines were shipped to the CWS and can be found in RG
165, Box 1454, File # MID 2314-C-90, N.A,
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nn and money
Department G-2 Staff, and hamstrung by personnel
e

ta th r i ole it played
hortages e CWS was also restricted by the r
8no0 v

¥ as hole. A3 a technic
within the Amm as a w a service the CWS

was, in large measure, dependent upon the combat arms for
impetus in weapons or tactical equipment development. e
Charged by the Defense Act of 1920 that created t:zke
with the development, procurement, and supply of gas.ss iss;on
and incendiary materials, an important part of the CW Tr
was the support of the combat branches: Infantryi ?avat ¥
Air Service, Artillery, and Engineers. Upon examining hihe
structure of the CWS during the 1920's, one is struck bf -
fact that the small service was betier organized to {ac1llta e
regponse to initiatives advanced by the combat arfs, tha: ::VE
conceptualize and develop weapons that might or might no .
gome future utility. Prior to his retirement, General Fflei.
had organized a board of CWS officers charged with coordinating
the technical developments of the CWS with the tacti?ai doc-
trines and methods of the using combat arms. In addltl::n::’
CWs officers, the board meetings were attended by repre
tives of the combat arms. Known as the Chemical Harfére .
Committee this organization attempted to analyze all important

ig-a-vi ical
i i vig-a-vis the chemi
i bat tactical doectrine
developments in com

tio Q t re L3 to uppo the new developments.
itions or equipment I quir d support the n pm ts
mun

i i missions of
1An excellent explanation cflthe vaE:o?gund gy
ing the 1920's and 1930's may TR i A

Ehe gws g?{;sg e o FromFLBEértoTh:eGhémical Warfare 45

o Leo' ’ J.B. Fis ' e -4,
i d George —
gnrﬁggef‘ g;:zﬁizzgg for War (Wash., D.C.: GF0O, 1959}, p

e
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In the fiftean Years following Werld War I, the combat
branches of the Army did not request CWS assistance in developing

incendiary weapons of any kind. A CWs index publighea in 1934

which listed all officlal U,s. Army Publicationg dealing with

chemical warfare did not include any mention of incendiary
wedpons. Clearly, the Infantry, Air Corps, and Engineers hag

envigioned no future role for flame throwers or fire bhombg,

Lacking any demand for flame weapons from ocutsige the CWS, the

staff at Edgewood filed away the information it had received

in 1931 about French flame throwers and fire warfare tactics

and continued jitg self-defineq primary misgion of experimen-
tation with toxic gas and gas defense.1
While the 1,5, Army struggled along on itg small budge tary

2llowances during the Depresgion era, the Britigh, French, anqd

Italians (algo hard-kit by the Depression) managed to continue

improving werld War I flame weapons. After insuring that the

Germang and their former allies were Stripped of incendiary

weapons, the victorious European powersg Proceeded in the
development of fire warfare secure in the knowledge that there

—_—

1Index_to official Publ ication
Warfzare Edgewoocd Arsen f HG, 5, 1o ¥ in
the historian'g file collection, Edgewoog Arsenal, HC-Ea. This
author, in searching through the large coi i
lines, course schedules, etc. that remain from the Chemical War-
fare School courses of the 1930's, could Tind not cone cage in
which more than the most Cursory attention was paid to incen-
diary weapons, although the development of incendiaries was
still a cws mission. There are no requests from the Infantry
or Engineer branches for flame weapons in the fileg of the CWs
Chief during the 1920'g or 1930'g,
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s 1
was no legal prohibition to constraln them.
incen-
Although there had been some attempts to outlaw 1in
d at
diaries during the framing of the Geneva Protocol of 1925 an t
tions in
a disarmament conference sponsored by the League of Nati
i dent of
1933, these attempts had railed to win support. One stu
the period states that:
...sevaral attempts have been mgde to iigxgict or
prohibit incendiary weapons by lntern% Lt the
agreement; indeed the disarmament con erex];ct oh
League of Nations geemed céosin;nwiigg.WaruI.;;er-
use of poison gas dur
zgzggﬂzd incendiary weapons in the post-war legal
digougsions....
The abgence of American interest in incendiaries may have
reflected gome concern about the morality of this type of
fa s - in
weapon, which was viewed by critics as belng guilty of causing
L]
. s h
needleas suffering to its victims. In the main. however, the
: £
lack of progress between the two world warg with regard to flame
! ti-
weapons can be ascribed to a failure of the U.5. Army to an
cipate the need for this type of weapon in the future.

History shows that the introduction of new weapons has

often mandated a change in the tactical doctrines of the force

i iti ; slopments in
L i ation on British and French deve
flame wzggoéggogzring the twenty yﬁars following Wgrld w?;-%i.
e TLeo Finklesatein's monograph, Flame Thl':n:.n.we§§l‘;1ﬂpg.5 82
i;other source on British developments 1n this

Donald Banks, Flame Over Britain, {London: Samson 1Low, Marston,.

& Co., 1947}, pp. 62-63.

¥ b - k also to
2 i Weapona, pp. 24, 72-73. Loo

den, incendiat + PP :

Peter D?uﬁioobuff. Taw and Responsibility in Warfare: The

i 1575), P
i ! hapel Hill, N.C.: U.N.C. Fress, )
;%Etngio§§o§§lig:;enis Epon the customary rules of international

law and the fact that the legality of flame weapons was not

i II.
successfully challenged during the years prior to World War
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employing the weapon., In the peacetime U,S. Army, the mechanism

for evaluating the relationship between weapons and dectrine

was ungainly and often ineffective. Branch loyalties and the

pervasive influence of branch chiefs cannot be discounted, but
the lack of interest in flame weapons seemed to speak to an
even greater problem afflicting the U.S. Army of the pericd.

In a study of the development of new weapons and doctrine, one
historian has said:

-+ the greatest stumbling block to the revision of
doctrine was probably not so much vested interests
as the absence of a system for analyzing new wea-

pons and their rel?tion te prevailing concepts of
utilizing weapons.

The problem of devising a system for evaluating rew
weapons and the probable effect that these innovations would

have on established procedures was exacerbated by the

parochialism of the separate branches. An official history

of the U.5. Armmy explains the system extant during the 1§30°'s:

«++the Chief of Staff of the U.S, Army had the
final voice in decreeing American doctrine of the
tactical use of weapons...each of the using arms
worked out its concept of the best means of accom-
plishing its own mission, [and] the Chief of Staff
had to approve them or resolve conflicts of doctrine
arising between one arm and ancther. The Ordnance
Department {or the CWS] was then responsible for
designing the fighting equipment with which to
execute the maneuvers planned. If evolution of
doctrine were tardy, then design would alsc be
delayed, for design of weapons for any army is

necessarily shaped by the purpcse for which the
weapons are to be used.Z

1I.B. Holley, Jr., Ideas_and Weapons (Princetcn, N.J.:
Princeton Univ. Press, 193%3), p. 15.

¢ Green, Thomson, and Roocts, Planning Munitions for War,
p. 256.
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In a land where political leaders eschewed any military
intervention in foreign affairs, where the public felt that
World War I had been the "war to end all wars," where the only
serious prospect for war lay in the far reaches of the Pacific,
the chiefs of the combat branches of the U.S. Army were hard put
to know juat which weapons would be most needed in the future.
Those military planners charged with identifying probable
requirements for weapons may well have rankied under the
admonition of Giulio Douhet, who had warned:

Victory smiles upon those who anticipate gzagges
in the character of war, not upon those who wal

adapt themgelves after the changes occur,

Although there continued to exist only limited interest
in incendiary weapons within the active Army, 2 professor of
chemistry at Columbia University, Enrique Zanetti, sounded a
prophetic warning about incendiaries in 1934, Professer
Zanetti, a CWS Reserve officer who had served in the AEF CWS
in 1918 as a liailson officer to the French chemical Dbranch,
warned of the potential destructiveness of incendiary bombs.
Speaking to a group of chemists in Chicago, ne stiated:

ri i pombs holds

P e Rt S

0'Leary's cow,

To the majority of U.S. Amy Air Corps officers who were

committed to High Explosive and toxic gas bombing, as advouated'

by the noted Italian theorist, Giullo Douhet, Zanetti pointed

i . by Dino
Las Douhet, The Command of the Air, trans
FerrariG%EEiOYoik: Coward-McCann, 1942), as quoted by I.B.

Holley, Jr. in Ideas and Weapons, P-. 15.
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out the basglc faet that "Explosives digsipate, fire propa-

gataa."1

Reserve Colonel Zanetti would have been considerably
cheered had he attended a meeting of CWS and Air Corps officers
held in April, 1934, to discuss Air Corps propesals for the

development of new toxlc gas and smoke bombs. Apparently,

Zanetti was not the only person thinking about incendiaries.
¥oicing a minority opinion at the conclusion of the meeting,

Army Air Corpe Captain George C. Kenney requested:

That a priority be given to the development of
ar: incendiary bomb which is capable of 1 iting
materials that are resistant to fire.... and] is
more satisfactory than either the existing H.E.
bomb or any W.P. [White Phosphorus] tomb
developed to date in this country.

Captain Xenney, from the Air Corps Tactical School at
Langley Field, Virginia, was not expressing the opinion of the
faculty of the School, but his own. A graduate of the Army
Command and General Staff School and the Army War College,
Kenney had already established a reputation ag an innovator.

He would continue to conceptualize new approaches to problem

solving throughout an illustrious career that saw him rise from

Professor Zanetti's remarks are cited by Brooks E.

Kleber in "The Incendiary Bomb," Armed Forces Chemical Journal
7 (October 1953}: 2k,

2L. Wilson Greene, "Prewar Incendiary Bomb Development,"
Chemical Corps Jourmal 2 {October 1947); 25.
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. 1
a brigadier general in 1541 to a full general in 1945.

This request for incendiaries, the first since 1918,
resulted in the approval for & limited investigation of various
types of ineendiary bomb fillers that might produce a more
suitable incendiary effect when dropped en masse UPON an enemy
city. The Technical Division of the CWS began actual experi-
mentation in 1936 at Edgewood, using bombs supplied by the
Ordnance Department, and filler materials identical to those
developed during the last year of World War I, It wag a case
of going back to sguare one with regard to U.S. incendiary
bombs.2

The lack of CWS interest in incendiary bombs that

characterized most of the inter-war years wae highlighted in

a book authored by a CWS officer. Published in 1§37, Chemicals

in War, by Lieutenant Colonel a.¥. Prentiss, contained only a

1 nhe 5th A.F. supporting MacA;thur's
the commander of the . .
troops ?i the Southwest Pacific, Kinney d}re;f;ﬂbzéiezv;i;;rii:z
use incendiaries on Japanese targets préeviou 0 y
dited with applying
H.E. and had good results. He ls alse cre , s 6
j i low-level skip-bombing with
the still-experimental technilque of w-le .
i i kxing of 16 Japanese ship
medium bombers which resulted in the sinX A, Fol P
i h 1943 during the Battle of the Bismarc ' :
;gtggicahoztBthis innovative airman, iee Cza;eﬂzagg giie'leﬁﬁ )
1 ifies Gumdalcanal to Saipan, Augus 9 L y 19lh.
“22 E:;lfnir Forees in World war 11 (Chilcagot Univ. of Chicago
Fress, %93‘0‘?, D 147-150, 31G-323.

2Tb1 - Alfred E. Gaul and Leo
. ., 26-30, See also G
FinklesiS;g. "ggcendiaries." ¥ol, 1B of the Hlst?ZXWOflgeﬁzirE?
and Development of the Chemical Warfare geKVlCEain Mgf b cwé
6L0-31 December 19 , t(Edgewoo raenal , '
éjgul p;. §-30 (Mimeographed); end the Edgewood Arseiil
Technical Report, No. 312, 31 August 1939, passim. Bo

Jocated in File #228-01, HC-EA.
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short chapter on incendiary bombs (and almost nothing cn

flame throwers). FPrentiss urged his readers io prepare for the
possibility of large-scale attacks upon civilian populations in
any future war. While he saw poison gas me the greatest
potential danger to unprotected popuiations, he alse warned
that incendiary bombs might also be extensively empleyed. Given
Prentisg's concern, it would appear that some active duty CWS
officers were aware, at least, of the potential destructive-
ness of fire bombe,l

During the period 1935-1937, the Chief of the CWS, Major
General C,E, Brigham, called upon Reservist Zanetti on several
occagsions with regard te incendiary bombs. 1In 1935, Colonel
Zanetti had received, from the science editor of the New York
Iimes, the remnants of an Italian incendiary bomb that had been

discovered by a Times correspondent covering the Italian

invagion of Ethicpia and mailed back to New York. Zanettl
mailed the bomb to the Chief of the CWS for analysis. Engineers
at Edgewood found that this bomb, with a magnesium alloy casing
and thermite filler, was far superior in igniting capacities

to anything the U.5. Army had developed during World War I and

turned the sample over to the small group of men who were

scheduled to Degin testing incendiary bombs in the near future.2

1 s
] Augustin M. Prentiss, Chemicals in War (New York: McGraw-
Hill, 1937), pp. 2&8-?61. Prentiss iater rose tc the rank of
Brigadier General during World War II, gerving in the United
States and in Europe.

2 " .

Greene, ‘Prewar Incendiary Bomb Development,” p. 28,
Also, Brophy, Miles, and Cochrane, From Lab. %o Field, p. 168,
and Kleber, "The Incendiary Bomb," p. 2%,
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! rs and the
When the obvious disparity between u.5. fille
i asked
Italian sample was reported to General Brigham, he

i of time
Colonel Zanetti to come on active duty for a period

i i and at
during the summer of 1916, Zanettl agreed to do this,

e, Italy,
the request of General Brigham, traveled tc England, Franc ¥

i p opean
and Germany in search of more information about Eurcp

ing from
advances in incendiary bomb technology. Upon returning

t v i wi i able
his trip Zanetti pro ided the CWS Chief 1th a cons ider
[

in aerial
amount of informaticn about European developments in

p e had d cov ed that the German hav1in, rawn
ries 18 er h h Sy ing th
incendlaries. H

rf e r ] i f Versailles Treaty. ad resurrec
o] th estrictions © the ersal % had u ted

i these
their 1-Kilo Elektron bomb and were selling a number of

i American
munitions to Italy, Russia, and to several South

; Fabrik
countries Given a closely guided tour of the Chemische Fa

i the
H. Stoltzenberg in Hamburg, zanettl was able to see that

i i i ed
Germans were alsc develcping a bomb filled with thicken

: 1
o begin mass production.
the CW3

gascline and seemed to be ready t
Having received the fruits of Zanetti's labor,

had the
its own test program
might have been able to step up

jlable., Unfor-
increagsed funding so necessary peen made avail

A e Lt t i iti t ovide more
tunately the Alr Corps was no in a position 1o PT s}
)

j i cendiary
larter-hction Reportéwgubgé:Dciggggct;gg.ofFigee;uZBI
i 3 i f ] : . _
Munltlon;ﬁiiuirzgemiztehéve génerated some'lnteriizutgnégien
gﬁ;ﬁ?és, T e fOIIDwigg yea:&tiogga gfizgirin which he fore-
i is8 . > fore
COlOQQ%IQEEZEEEE zée?iinrole* in the future bombing of clities
gaw

i . 261.
See Chemicals in War {New Yorks MeGraw-Hill, 1837), p
Chemicals 1N At
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money, the Ordnance Department was totally committed to the

development of newer H.E. bombs, and the CWS was Ploughing all
of its "extra" money inte the improvement of the 4.2-inch
cherical mortar. The experiments with incendiary bombs contin-
ued, but in a desultory fashion for want of personnel, money,
support, and command anthusiasm.l

Life continued at a rather leisurely pace at Edgewood
Argenal in 1937 and 1938. In Europe, however, political and
military events began to occur with dramatic suddeness. The
Mediterranean, too, was in the news. Musselini's Ttalian con-
quest of Ethiopia and the Spanish Civil War made headiines in
American newspapers. After seeing a newsreel depicting Italian
flame throwers mounted on armorgd carg and light tanks, the
new Chief of the CWS, Major General Walter C, Baker, asked on
16 March 1937 +that he be provided with more information about
the Italian flame vehicles:. In his letter to the War Lepart-
ment G-2 Division, the General asked:

-++that the appropriate military attach€ obtain such

infermation on this subject as may be availamble with-

out disclosing the interest of the Chemical Warfare

Service in this equipment. This information ghould

include, if possible, description of the flame thrower,
composition of the flame producing material, types of

motor vehicleszln which ugsed, effsctiveness, and con-
templated use.,

1The 4.2-inch mortar was developed from the British 4-
inch (Stokes) mortar. It could fire accurately at ranges from
200 meters to 4,000 meters. The importance of the %.2-inch mor-
tar in CWS tests with a phosphorus shell during the late 1930's
was attested to by former CWS officer Robert M. Celver, Duke
University, Durham, N.C., S November 1975

®Lieut. Col, Haig Shekerjian, CWS, to Asst. Chief of Starr,
G-2, War Dept., 16 March 1937, RG 165, File #MID 2612-1730, N,A.

L
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it took over a year for Colonel G.H. Paine, the attache’
in Rome, to gather sufficient information to be of real value.
The data requested was eventually received in the form of a
well-written comprehensive report which outlined the mechanical
functioning of the Italian weapon: plans for its tactical use,
photographs, and additional comments regarding the Ttalian
portable flame throwers. Concerning the flame thrower mounted

on a iight tank [carro @'assalto] Paine sald, in part:

The Italian flamethrower...consists of the
flame-throwing apparatus on the tank, and a small
two-wheeled 1ight armored trailer which carries
the liquid, which may be crude 0il, kerosene,
gasoline, or a mixture of any or all of these....

The jet of flame is only about 25-30 meters
when tne tank is stationary, but the range is
inereased to 65-70 meters when the tank is moving
and the pump gets added power fron the tank's trans-
mission.

It ig understood that the portable flame thrower
will no longer be used in offensive operations, as
it has been found that the casualties To flame
thrower pergonnel have been excessive.

Colonel Paine's report was read carefully, then filed.
In spite of proof that the Italians had used their mechanized
flame throwers in Ethiopia and that German tanks mounting flame
throweras had been combat-tested by Franco's forces during the
Spanish Civil War, the CWS made no ettempt to develop even
experimental prototypes of fléme throwers. The CWS was not

prepared to initiate any work on fiame thrower design until a

1Col. G.H. Paine, FA, to Asst. Chief of Staff, G-2,
War Dept., 7 December 1938, and First Indorsement to Chief, CWS,
RE 165, File # MID 2612-130/2/3. Also in'RG 175, File #470,71/
14, N.A.

. ‘ 2
request was received from the War Department in behalf of o?
ne

of the
combat arms of the Army. The Second World War would be

almo i
st nine months old before such a request wag made.l

1
Henry Sorensem, " "
2 {August 1948): 18, " Flame Warfare," Canadian Army Journal
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CHAPTER III

EUROPE AFLAME: THE AMERICAN REACTION
1940-1942

For many Europeans, World War 11 really began during the
month of May i1940. The six-week campaign that followed, leading
to the fall of France, will be remembered as a period of total
chaos. Ae German armies surged through most of western Europe.
many people far remcved from the battlefields anxiously
devoured every scrap of information available on the German
victories. The tactics, weapons, and organizations which had
been so successfully melded to carry out the Blitzkrieg came
under intense scrutiny, especially in Moscow and Washingten.

Among the Americans carefully analyzing the German
advances were a group of officers in the Army Corps of Engineers.
They marveled at the methods used by the Nazl engineer troaops
for neutralizing French and Belgian fortresses. The speedy
German capture of the heavily defended Belgian fort of Eben
Emael on 10-11 May 1940 fired the imagination of the U.S.
of ficers., Airborme and amphibious engineers using demolitions
and flame throwers had cracked the moraie of the Belgian
defenders while battering the defenses of the "impregnable”
fortress., For several montha after the fall of France, U.S.

military journals were filled with articles on the German
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Buccess. Several articles written by an American military

attache, Captain Paul W. Thompson, concentrated on-the role
played by the German engineer troops during the Blitz. An
engineer officer himself, Thompson praised the &lan and tech-
nical expertise of the Germans. Of the attack on Eben Emael,

Thompson wrote:

The works were still strong, still intact,

still angry. And now began the action to which

all that had gone before was simple preparation.

Those throwbacks to medieval war, the flame throwers,

opened up against the embrasures. The engineers

moved forward, yelling, into their final assault,

This stirring account of battlefield action was a far cry
from the mundane peacetime activity of the U.S. Army Corps of
Engineers. As was quite evident from official and personal
reports, the Germans had worked hard during the late 1930's,
training their engineer troops for combat. HNew explosives and
flame throwers had been used nat only in France and Belgium, but
in Peland as well. The Germans had developed a new portable

flame thrower, the Wodel 1935, and had put it tc use along with

2 tank-mounted flame thrower, the Sd. Kfz. 122, which had been

1Paul W. Thompson, "How the Germans Took Fort Eben BEmael,®
Infantry Jourmal, Vol. 51, No. 2 (Aug. 1542): 26. Algo see
Thompson, "Engineers in the Blitzkrieg," Infantry dJournal, Val.
47 (Sept.-Oct. 1940)s 429-432, It should be roted that the
Germans left routine construction and road maintenance work to
their Labor Service troops and to the Todt organization.
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. A 1
tested during the Spanisgh Civil War.

One of the Americans closely following events in Europe
was Major General Julian E. Schley, Chief of the Army Engineers.
After studying suggestions from his staff and before t&e battle
of France was finally deciged, Schley directed his assistants to
prepare several letters for submission to the War D%partmen:. .
These contained requeats for funds and equipment which woul.,
received, assist the Engineers in ridding themselves of their
peacetime *ditch-digger" image. Soon afterwards, new tables of
crganization were drafted for combat engineer units, bringing
them more into line with German standards, and increased o
emphasis on weapons training for engineer recruits was propos

General Schley must have realized that his requests for
additional funds had at least a fair chance of approval. for

. . d
ft 1939 there were five Engineer Corps officers assigne
a er

onard L.
lpor information on German flame wu?apcmgr,1 iﬁilgEWar 4k
i wportable Flame Thrower Operations 1 orld Mar oy in
s d McKinney, "Mechanized Flame Thrower up(%eb 1247,
Wor 30_32’I?n" Chemical Corps Historical Study No. g E tﬁe
WOrldqw?; (Mimeographed), 314,7 File HC-EA. Typica I
BE ris ming to the U.5. from Europe was the regugerman
Eegorgﬁligary attaché in Berlin, Subj: Display o

, MID
Plammenwerfers at Leipzig Fair, 1940, RG 103, BOéEiﬁgg o
#23Tﬁ-b—59—5 N.A. Also, look to a bo;o ng : D Miie
Foroos, M-E J0-451, (Washington, D.C.: G o tz;lz;o;nted- 4
ard po VIII-91 describe the Model 1935 and the
German flame throwers.

“Fox wany of thess susgostions, (some PTTIIEL Dy
assaglt eq;;gﬁeggivggi' ¢A. An.eycellent source %i 12£2r%?tlon
St Ehelneer forrs Griel nd Fe st Lan iene 3
%géiéegiz? Eirgzggh;nzn%guiggent (Washington, D.C.: GPC, 1959},
PP 5-20.

Equipment, pp. 7-20.
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If the
hopes of Schley and his staff were realized, the Engineers could

to key positions on the War Department General Staff.

adopt a new identity. By mid-1940, members of the General Staff
began to use the term "combat engineers” with increased fre-
quency. Many members of the Corps of Engineers began to think
of themgelves as members of a combat amm like the Infantry or
Artillery. Study groups at the Engineer School, Fort Belvoir,
Virginia, concluded that the Engineers should begin preparing
themselves for a combat mission in the not-toc-distant future.1

One of the weapons the Chief of Engineers wanted for his

troops was the portable flame thrower. Having been informed

that the CWS had no flame throwers in its inventory, Schley

subtmitted his formal request to the Adjutant General, War

Department. The original requeat for flame throwers dispatched

on 24 July 1940 said this:

1. I request that the Chief of the Chemical

Warfare Service be directed to develop as soon asg
practicable a suitable flame thrower for individusl
uge,

2. Intelligence reports indicate that such
flame throwers have been uged with coengiderable
success in attacks upon mechanized vehicles and
permanent and gemi-permanent fortifications. The

use of such a flame thrower should be given sgerious
congsideration in

athe development of equipment for
engineer troops.

—_— -

1C011, Keith, and Rosenthal, Enginecers: Troops _and

ZChief of Engineers to

the Adjutant Gensral, War Dept.,
2% July 1940, Records of the Ad
RG 407, File #U470.71/6, N.A.
will hereafter be ghown as

jutant General's Orfice, 1917-,

("The Adjutant General's Office"
"TAGO.")
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i ' ased sense
This request, growing as it did out of an 1incre

of urgency on the part of the Corps of Engineers, WAS sufflizzzt
to launch a research and development progran that wofld pro

the U.S. Army with its first portable fleme thrower in over -
twenty years. Events in Europe that had led to the request ha

e oge ls] t W ington and %
teen clos 1y m nitored by the CWS staff in ashing
5 a

iori e German
Edgewood Argenal. The cbvious superiecrity of th
i ged the
1iion in the Tield of flame warfare must have 1mpres
pos

i c time in
Chief of the Chemical Warfare Service. IHe lost n

ne CEIMNINE
Y ant Ge 5 0ffice concer
reply ing to a quer from the Ad ut ral

i he CWS
the Engineer request. On 30 July 1940, the Chief of %

wrote:
i e
1. It is recommended th?tl'.tgetChiigtzit:h
Chemical Warfare Service De directe o]

e throwers..: .
the dZvElgE?igzigitfizids are available to the Chief

§ A 1
of the Chemical Warfare Service to initiate this

dBVEl%pmentlIt ig expected that working models can

be produced within three months time.

The Army General Staff considered the Englneer request

in the llghl‘, of which branch of the gervice shauld be tasked

the
ith the testing of the new flame throwers. Cenerally,
wi

ent.
ordnance Department was in charge of weapons developm

'g "ammunition,”
Because of the nature of the flame thrower s

i Chief
(petroleun) the War Department G-k, acting for the Army

0 t B ical
f starf directed that, "based on precedent' he Chem

r
N —————

12d Ind. tc Ltr..
#470.71/52, N.A.

¢/E to AG, 20 July 1940, RG 175, File
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Warfare Service would be given the overall contral of flame

thrower design and development.1
Unbeknownst to the Chief of Engineers, another branch of
the Army was interested in developing flame weapons. Even
as the Chief of Engineers was considering the possibilities
afforded by flame throwers, the commander of the First Armored
Corps, General Adna R. Chaffee, had requested in May of 1940,
that the War Department G-4 provide funds for experimentation
by the Armored Force in the field of "Flame projectors mounted
on light tanks or combat cars."2 The War Department G-4
replied that while there was no apposition expressed by the
Army Chief of Staff %o experimentation by the Armored Force
in this field, nc funds would be asvailable until the next figcal
year began in July. The tankers at Fort Xnox, Kentucky, were
suthorized to contact the Chemical Warfare Service and, in
conjunction with the CWS, begin tests ag soon as was practicable.3
With War Department approval granted to the Engineers and
to the Armored Force, the Chief of the QWS instructed the
Technical Division of the CWS to establish separate committeeg

to work with the two branches. In deing this, the CWS Chief,

13d Ind,, Disposition Form, G-% Supply Div., WD, Subj:
Flame Throwers for Individual Use, 9 Aug. 1940, RG 165, File

#Jl?&j/l?. N.A. “"Hereafter, "Disposition Form" will be shown
ag "DF."

For a copy of Gen. Chaffee's request, see DF, G-4 Supply
Div., WD, Subj: Mechanically Transported Flame Thrower, 25
Mzy 1940, RG 165, File 31745, N.A.

%1bid., 24 Ind., 30 May 1940, File #31745/2.
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at was to
Major General Walter C. Baker, set a precedent th
i hroughout
hamper ccmmunications between the two testing groups throug

oups
World War II. Immersed in their own problems, the twe group

operated almost independently.

Portable Flame Thrower Development, 194C-19L2

The initial request for flame throwers sent by the Chief
of Engineers was based in large part upon the assumption that,
should the United States become involved in the World War,
the engineer units assigned to each army division would be t#e
troops called upon to reduce enemy fortifications, strong points,
or roadblocks. The Engineer plahners were correct in theory, for
the flame thrower, though utilized in a variety of roles duri?g
World War II, was first and foremost a device used for capturing
stubbornly held, strongly built enemy positions. The only
discrepancy in their initial concept wag the supposition that
the employment of flame throwers would fall strictly under the
provinee of the Corps of Engineera. As it turned out, the flane
thTrower was tc be uged not only by engineers, but by tankers, and
to the greatest degree of all, by Army and Mar ine infantrymen.
In its initial developmental stages, however, the portakle flame
thrower was almost solely an Engineer-CWS project.

The War Department General Staff, upon approving the
Engineers' request for flame throwers, ingtructed thé ?hief of
the CWS to work closely with the Engineers in the initial stages
of designing and testing the weapon prototype. According to
the War Department directive, the portable flame thrower should

=]
meet certain basic criteria. It had to be of such size, shape,

: : t
and weight that a solidier could carry it on his back., It mus
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be able to project a stream of flame at least ten yards, and

the flame fuel ghould not be eagily extinguishable- with water,
Other than these broad guidelines, the CWS was given nearly a
free hand in the design of the test weapon. A research and
development program for Fiscal Year 1941 was somewhat cautiously
funded: the sum was $10,000.1

Early in Auguat 1940, the Technical Division of the CWS
set to work on the portable flame thrower Project. Since the
Army had scrapped all of the old Boyd model flame throwers
developed during 1918, the CWS technicians had to start from
scratch, Bezause oI the short time period that the CWS had
in which to produce a Prototype (three months), the Americans
did not attempt to secure British flame tﬁrowers. all of which
were atill rather intricate doughnut-shaped Projectors baged
on the World War I models, Collecting whatever information
there was in the fileg at Edgewood Arsenal, the committee began
casting about for ideas and assistance from industry.

Lacking any demand for flame Projectors in industry or
buginess, the civilian community was unable to provide a flame
thrower "off the shelf" as it so often did when the military
needed a bulldozer, crane, or truck. The CWS technicians con-

tacted a number of producers of insecticide sprayers, in hopes

of gleaning some information on recent innovatiens in pres-

surized sprayers, By late August the CWS had located a New York

'DF, G-k, WD, Subji Flame Throwers for Indiv. Use,
9 Aug. 1940, RG 165, File #31745/10, N.A.

?
]
[
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firm that manufactured fire extinguishers. The Kincaid
Company was willing to produce several modele based on CwWs
specifications. CWS officers must have reasoned that if
Kincaid could preduce fire extinguishers, it could surely
fabricate fire projectors.

The CWS purchase order and diagrams of the device required
were sent to the Kincaid firm in early September. Concept
drawings provided only general guidance concerning the perfor-
mance characteristics and physical dimensions desired in the
working model. A packet of photographs of the U.S. Model 3
{Boyd) flame projector were attached to the drawings. An actual
copy of the flame weapon developed in 1918 would have been
better, of course, but the CWS had not saved a single Boyd
flame thrower after 1919! By failing to provide the Kincaid
Co. with precise requiremsnts the CWS Technical Division
abdicated its role in the design process in favor of the
ma:nufacturer.1

The finished product from Kincaid was returned to the CWS

at Edgewood Arsenal in October 194C. The first model is

lhief, Technical Division, CHWS, to Industrial Safety
office, Kincaid Co., Inc.,, New York, N.Y., witl urchase
order No. ki-A470E/C, and War Department Concurrgnc;G §$5 N:A.
h)i"-zsj/cus/z. 1i September 1940, File W70.70-2212, 6 175, N-A
These drawings, material specifigitlgn:ﬁeaggs::f§§¥h et e
valveg appear to reflec

iz;epgizggizd. Replete with smques_and.erasureﬁ, E?;cggg dasign
specifications left much o Ihetlgggénﬁglog g{a;eethrower e

i . The sale of the last . f r
325;39§i51919 is chronicled in Finklestein, "Flame Throwers,
Part 1, pp. 12-13.

Bz
degeribed b¥ an official CWS historian in this way:

This.,.model consisted of four main compohentsy

a storage system for fuel, a storage aystem for
compressed gas, & flame gun and an igniter....

The first fuel tank was a vertical cylinder having
two components, the upper holding nitrogen under
Pressure and the lower containing five gallons of
fuel--at that time diegel oil, fuel oil, or a blend
of gasoline and oil, The filled weapon weighed
seveniy pounds. The fuel o0il flowed through a flex-
ible tube into the flame Bun, The gun was a metal
barrel to which was fastened an igniter cohsisting
of a battery and two triggers, one o release the
fuel and the other for ignition as it issued from

the nozzle. When the weapon wag fired, compressed
nitrogen blew the o0ii through the hose and gun at the
rate of ane half-gallon per second, At the nozzle an
electric spark from the battery 1i% a small jet of
hydrogen, which in turn set aflame the cil. The siream

of burning oil had a rangs of fourteen to twenty-one
yards.1

The technicians from Edgewood Arsenal studied the
finished product from the Kincaid Co. During laboratory tests

conducted by the CWS the model seemed to work., In ratrespect,

one wonders why the technical officers at Edgewood accepted
the device from nincaid. Labeled the Model E1, it was akin

to a large oil drum in size ang weight. No normal man could

have carried the device for long. The fant that the big drum

wobbled from side to side on its poorly devised carrying harness

made it nearly imposslble for the operator to move at anything

MMrmnasmneﬂthkbﬂmﬂ@tMsmyhhlud

between his shoulder blades. Perhaps the El seemed acceptable

————

1Bri'tish flame throwers of the early war years are
described by Donald Bank, Flame QOver Britain (Londen: Samson
Low, Marston, 1946), PP. 61-72, See also Brophy, Miles, and

Cochrane, From laboratory to Pield, p, 144, for information on
the Model E1.
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in the Technical Division office, if only as & starting point
for further development, In any case, the project officers
at Edgewood Arsenal decided to send the El to the Engineers for
field testing.l -

The Engineer Test Board received three flame throwers for
testing. Fleld tests were carried out during the winter months
of 1940-1941 at Fort Belvoir, Yirginia. The Beard was not
favorably impressed with the El for several reasons. A number
of serious shortcomings were found with the basic design of the
prototype. Overall, this device was cumbersome, heavy, and
most uncomfortable for the soidiers who had conducted the t%sts.
The Engineer Test Board found it unsultable for employment in
combat. Obvicusly, the Model El represented the efforts of a
group of well-meaning amateurs trying to play ecatch-up in a
game that had started two decades 'before.2

Upon receiving the diemal report on thelr first effort,
the CWS perscnnel working on the portable flame thrower rede-
gsigned the apparatus. Once again, the Kincaid Co. preduced a
sufficient number of the improved model for testing purposes
and had them back to the CWS at Edgewood by late March 1941.

The new model, labeled the E1R1, was still heavy {57 pounds when

1"E1“ referred to the fact that it was an experimental
model and the first of its type.

i t No, 621, 16
2 the Engineer Test Board, Repor 0
1 h?epgzzoggs u? U.g. Army Commands, RG 338, Flleh§§i7ig£§éry'
ﬂag ghléo found in the Archives Section, Engineer Scl
Fért Belvoir, VA.

a4

loaded), but appeared to be an improvement over the El. When

the new weapons were ready for testing, they were delivered to

the Infantry Test Board at Fort Benning, Georgia, as well as to

the Engineer Test Board at Fort Belvoir,

The declsion te have both the foot goldiers and the
Engineers test the E1R1 was made even before the testing of the

firat model was completed. The G-3 Operations and Training

Divigion of the War Department had recommended that, for future

testing, the facilities of the sprawling infantry center at Fort

Benning be used as well as the somewhat more limited test

ranges available at Fort Belvoir. Because the Engineer Test

Board needed personnel and time to conduct the many tests of new

engineer equipment being introduced in 1941, the G-3 Division
designated the Infantry as the Primary testing agency for the
improved version of the pertable flame thrower.1

The Chief of Infantry told the Presmident of the Infantry

Test Board on 11 May 1941 that hig agency would be conducting

the primary evaluation of the improved flame thrower. While

the minimum requirements for the weapen were those originally

set by the War Department, the Chief of Infantry cutlined the

specific goals of the test:

1. To determine the suitability, powers and limita-
tions and probable use by the Infantry,

2, To determine the

maximum effective range and the
fuel consumption per

second of operation.

Lthe DF designating the Infantry as primary test
was gent to the Chief of Infantry on 7 May 1941, I+
included as Appendix "A" of the Final Report of the Infantry

Test Board, Report No. 1225, 20 June 1941, Records of U.S, Army
Commands, RG 338, Box 1051, N,A.

agency
is




85
i equired for

%ﬁisTgpgiziiﬁananh:hgiﬁsizrgiuzggnro% the loads

of the operating crew.

Given the mission of conducting a test of an engineer
weapon, the Infantry Chief was alse interested in determining
whether the flame thrower could be of value to hig traops. This
seemingly peripheral point signaled the opening round in a
controversy that was to last throughout World War II: namely,
Eﬁg.was to carry, maintain, and operate the portable flame
thrower; the Infantry or the Engineers?

Wnen the Infantry Test Board received its test weapons
in late May, a small test section rad already been formed.

This group was made up of officers and noncommissioned officers
of the Infantry and Chemical branches. The Test Section decided
to employ average troops detailed from an infantry unit in all
phases of the flame weapon's test. This would insure that the
findings of the test section would refiect not only data on the
mechanical aspects of the weapon, but on the "human engineering"
factors of ine flame thrower. In other words, the testers
wanted to find out if & typical infantryman could cperate the -
rlame thrower. While this may seem a rather obvious step to
take, there are countless examplzs of weapons gyetems developed
by armies the world over which appear to function perfectly when
in the hands of a twenty-year veteran on a test range. These

game weapons, when adopted and issued to ordinary troops, do

L i ix “B" of Inf. Board Report 1225,
Reproduced in Appendix “B" of
Also foung in the Records of the Chiefs of Arms, RG 177, N.A.

. B&
little more than confound and frustrate their users.-1

Field trials of the E1R1 began immediately after the
Test Board st%eff members were fully acquainted with the weapen.
The flame project waes provided with a training area to conduct
the tests under simulated combat conditions. Several different
scenarios were used. In all sorts of weather conditions, the
flame throwers were tested in the assault of fertified
positions, in the defense of fixed positiens, attacking tanks,
and in supporting infantry assaults over open ground. In order
te observe the effects of the bulky equipment on the operators,
the infantrymen using the equipment were often marched to their
training sites with the ElRls strapped to their baecks. They
were then required to rush forward from one position to another,
seeking cover and conceaiment ag they approached their
objectives.

Several important cobservations were made by the test
control personnel. They found that the flame thrower was
quite uncomfortable for the soldiers to wear and thus the
operator would not, or could not, move as guickly as he should
in a combat situation. Although the E1R1 was consistently able
to exceed the flame-throwing distance of ten yards (average
distance was 25 yards), no more than 10 to 15 percent of the
flaming gasoline or fuel oil actually reached the target, Most
of the flaming stream of fuel had consumed itself in its flight

to the target. The =aldiers then mixed diesel oil with the

. 1Inf._Test Board Rept. 1225, pp. 6-15. A recent example
of insufficient testing prior tc field issue is the case of the
U.S, M16 rifle in 1966,



87
gasoline to reduce the speed with which the fuel burned. WNore
fuel then reached the target., These targets were generally cloth
dummies in foxheles, pillboxes, or tanks. The greatest drawback
from thickening the flame fuel, and one which could not be
solved at Fort Benning, was that the pressure required to throw
this heavier mixture blew out the valve connections and ruptured
the fuel lines on the E1R1.

The stream of burning fuel made a }oud rushing noise and
generated a great deal of black smoke which concealed the
operator after the first few bursts were fired. Unfortunately,
thig smoke also tended to obscure the target and the fire stream
was subject to the vagaries of the wind. Several test group
soldiers were badly singed when they neglected to consider the
wind direction before firiné their weapons. The flame thrower
developed mechanical breakdcwns with increasing frequency as
the tests continued. In spite of the mechanical protlems, which
were caused primarily by fittings, handleg, and valves which
were not rugged enough to withstand sustained use, all of the
initially scheduled tests were conducted.

The report of the Infantry Tegt Board, submitted on 20 June
1941, provided the CWS with information on gpecific problems
which needed to be corrected. The back pack, hose, laniter,
and valves 2ll had to be strengthened to withstand the rigors
of combat cperations. In its surmation, the report as submitted
to the Chief of Infantry stated:s

24, The Test Section concludes:
a. That the subject Flame Thrower, if modified

as indicated..., will be suitable as a Special
Infantry Weapon.

88
b. That the maximum range is 25 yards.

£. That due to its bulk and weight it should be
confined to the following uses:

(1) Defense of special installationg when
close contact with the enemy is probable
or imminent.

{2) Attack of enemy positions where due to
cover (artificial or natural), the flame
thrower may close to within 20 yards or
less of the objective.

{3} As an incendiary in destroying material.

d. That the fuel consumption is about one quart
per second of operation.

2. That it requires one man to operate the sub-
Ject weapon and an additional man per extira charge
to be carried.

£. That the carrying pads should be improved
along the lines suggested....l

This test report, with its generally favorable tone, pro-
vided the encouragement needed by the CWS personnel working

with the flame thrower project. As they worked on the improve-

ments recommended by the Infantry Test Board, the E1R1 was being
shown to a group of Marine Corps officers at Quanties, Virginia.
The Marines had expressed an interest in the flame thrower even

before the initial tests of the El were conducted at Fort Belvoir

during the previous winter.

On 25 July 1941, a representative of the Kilneaid Co.
demonstrated the Model E1R1 for the Marine Corps Equipment

Board at Quantico. After witnessing the demecnstration, the

President of the Equipment Board recommended that the Marine

1 e ow
App. "G,” Inf. Board Rpt. 1225,
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Corps not purchase any of the Kincaid products at that time.
The Marines, habitually short of funds, simply could not afford
the prices quoted by the factory representative, Kincaid wanted
$680 per weapon. If the Marines purchased more than a thousand
ElRls, the price would drop, but only to $375. As it has often
done, the Marine Corps postponed buying the new flame weapon
until it was improved at Army expense.l

During the fall of 1941, nearly all of the CWS personnel
working on flame throwers bent their efforts toward refining
the improvements already made on the EiRl. The work already
accomplished had resulted in its being adopted as a standard
weapon in early August. ZLabeled the M1, it had been improved
in geveral ways. The M1 had a longer range, was sturdier, and
possessed a more dependable ignition system, One of the
greatest improvements had been made in the design of a new,
more effective nozzle on the flame gun. This new design had
come, not from the CWS, but from a group of civilian chemists
and engineers working for an erganization known as the Nationa%
Defense Research COmmittee.2

The NDRC, which was destined to assist the CWS in so many
ways during World War II, had been establisned on 27 July 1940
by order of the Council of National Defense. This organization

of scientists from industry and the universities was to assist

lpresi he Maj. Gen. Commandant, USMC, Subj:
P ident, MCEB to t 3
Demonstrgiﬁon of'the E1R1 Flame Thrower, 9 Augi lzgééay?gc A
Central Files, RG 127, Job 6242371, Box 25, Pile . N.

i f the M1 flame
full account of the‘standardizatlon o
throweiﬁogez CES Technical Division Report 1066 {June 1945},
pp. 12-22, CWS 2314.7 File, HC-EA.
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in solving problems faced by the Army and Navy. The president

of the Carnegie Institute, Dr. Vannevar Bush, served as the
chairman of the NDRC throughout the war. A special braneh of
the loosely knit organization had been established in OJctober
1548 to deal with problems related to incendiary weapons. The
Chief of the CWS Technical Division asked this group, designated
Division 11, in February 1941 to assist the CWS in studying
ways of improving the nozzle design of flame throwers and to
discover, if pogsible, a truly effective method of thickening
flame .f‘uel.1

The immediate problem of improved nozzle design was
attacked by graups of NDRC scientists who, in 1941, studied the
projection of jets of liquid at the Massachusetts Institute of
Technology. Various nozzle designa were then teaFed at the
fire prevention laboratory of ithe Associated Factory Mutual
Fire Insurance Companies (an organization devotad to reducing
industrial fires}. The two £roups came up with a much-improved
nozzle design that was to last for three years tefore being

replaced.2

1The wartime service of the NDRC has been recorded in
James P. Baxter, III, Scientists A ainst Time (New York: Little,
Brown, 1952) and William N. Noyes, ed,, Chemistry (Boston:
Little, Brown, 1948). Also gee Lincoln R, Thiesmeyer and John
E. Burchard, Combat Scientists (Bogton: Little, Brown, 1i947).
For specific information about the work done by Division 11 in
the incendiary field, look to Yolume III of the

. Summary Technical
Report of Division 11, NDRG entitled "Fire Warfare," EWashing~
ton, D.C.: GPO, 19 v PP. 95-103,

2The work done of the flame thrower nozzle (CWS Project
41-10) 13 illustrated in Yol. III of the Swmmary Report of the
NDRC Divisgion 11, "Fire Warfare,” P 3
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Upon approving the portable fleme thrower for standardiza-
tion as the M1, the War Department General Staff had planned to
purchase 1,000 of the weapons. The new flame throwers would be
issued, according to the initial plan, only to engineer units.
Under the provieions of the first staff study, each engineer
battalion assigned %o support combat units would be given two
M1 flame throwers and sufficient repair parts to maintain them.
A reserve of flame throwers and spare parts would be kept in
field depots. The infantry was not allocated any flame throwers.
This brought on a new round in the debate Detween the Engineer
and Infantry branches over who was to operate flame throwers in
:ombat.1 .
The Chief of Infantry made hig feelings known tc the Chief
of the Operations Division of the General Staff. During the
late summer and fall of 1941, a debate continued over how many
flame throwers should be procured and which branches should
receive them. In a memorandum to the Army Chief of Staff,
General Marshall, the G-3 (Operations) and the G-4 (Supply)
sections urged that a much larger number of flame throwers be
bought. They felt that the inltial number authorized (1,000)
should be produced at once and that the chiefs of the two
branches (Infantry and Engineers) should be required to reassess
their need for flame throwers. This memorandum, dated 22 August

i nen
1541, suggested that in order to equip an army of 1,750,000 men,

1a0s, G-L to Chief of Staff of the Amy, Supjs Standars
ization of’Portable Flame Thrower, M1, 2? Ay ESt E/Bi?hS—J
1; the HE, Army Ground Forces, RG 337, File 70.7 "AGFa).
: A (“A;my ground Forces" will hereafter be shown as
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a production run of 5,000 flame throwers would be much more

appropriate than 1,000, The Chief of Staff agreed with his two

subordinate staff members, and the two brahch chiefs were directed

to review their needs and reply not later than 135 October 19&1}
In the fall of 2941, it became apparent that the portable

flame thrower would present problems for troops untrained in

its use. After being briefed on new weapons development, the

Secretary of War directed the Chief of Staff to order the Chier

of Engineers and the Infantry Chief to prepare a study which

would produce a ugeable doctrinal statement for all troops

armed with the flame throwsr. This study, when approved, would

be printed in pamphlet form and dietributed 88 a training

circular, It must explain the Armmy's concepts involved in the

tactical employment, limitations, and maintenance of the h‘l1.2
The two branches produced the document on the concepts of

the tactical employment of the flame thrower. Couched in plain

language, it attempted to explain the flame thrower to the

soldier who found himself carrying one without having any know-

ledge of how it was tc be used, or in many cases, even how to

turn it on. In its final form, this pamphlet wag isgued as

Chemical Warfare Training Circular No. 72. By the time it

reached the troops, the United States was no longer a spectator

in the great worlad conflict. The Japanese attack on Pearl

Harbor had taken place and Americans were fighting Japanese in

1Secretary of War tc the AG, Subjr Tactical doetrine for,
and technique of, employment of rlame throwers, Sept. 3, 1941,
Records of the Hg, AGF, RG 337, File #470.71/43052, N.A.

2I‘he AG to the Chlef of Engineers, Subj: fTactical doctrine
for flame throwers, Sept. 5, 1941, Records of the HQ, AGF, RG
337, File #470.71/(9-3-41)MC-C, N.A.
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iple,
he Philippinea. The Kincaid Co, went on double, then trip
it
hifts to supply the Army with the M1 as the country began its

11-out war effort.1

. . _19k2
arly Experiments with Tank-mounted Flame Projectors: 1940-19

While some CWS engineers worked to design a portable flame
: : PN r
hrower, another group of officers in the Technical Division o
d
he CWS attempted to devise a flame thrower that could be mounte

n a tank or armored car. The development of mechanized flame

rojectors began in June 1940, as a result of General Chaffee's
equest for funds to equip his armored forces with a suitabl? .
lame thrower. Although the War Department, in its 1940 decision,
ad given the Armored Force the respensibility for developing

his type of weapon, the CWS was the branch of the U.S. Army

st able to accomplish this task. The General Staff had also
srovided minimum standards for mechanized flame throwers. The
Var Department continued to circulate the original staff study,
2dding comments and suggestions from nearly all sections of the
teneral Staff. Within two months, the study began to resemble
2 book. Out of the stack of comments, indorsements, and
appendices came these requirements: The weapon must have a
range of at least 50 yards, utilize a slow-burning, hard-to-

extinguish fuel, and be small enough to be mounted in a tank

or combat car. Additionally, the fuel supply, which could be

ini i war
1 ical Warfare Training Circular Ne. 72, U.S, :

D artmggimlgec. 22, 1941, Records of the AG?. RG 337’1l Flie .
#Epo 71 N:A. Thig circular waza superseded in WMay 19h3. Y
tezhﬁicél manual (M 3-375) entitled Poriable Féi?ieg zgwiEZﬁre

i id' bly line was mo
M1 and M14al., Kincaid's Mt asgem : e Sen

ivi in addition to the triple shift. .
ﬁz;i:ig prgggsziﬁi:yFi:me Thrower Operations in Werld War II,

14

PP, h?-iﬁ. 117-119, and 213.

L
carried inside the vehicle or in a trailer pulled by the vehicle

(as were the Britisgh and Italian models), had o be in a fuel
tank armered heavily enough to deflect a 0-caliber bullet.?t

The CWS technicians at Edgewood designed a iarge prototype
flame projector powered by compresged air in June 1940. This
flame gun was mounted on a frame referred to as a "Cunningham
mount” that would, theoretically, replace the main gun onfa
tank. After demonatrating this first device at Edgewood
Arsenal in September 1940 for representatives of the Armored
Force Test Board, the QWS technicians began work during the
winter of 1940-1941 at Fort Knox, designing a system that might
be mounted inside an actual tank for test purposes. While they
worked, the Armored Force continued to gather information and
ideas‘abcut mechanized flame throwers from a variety of sources.2

Army observers and attachés in Europe had sent an
increasing number of reports that dealt with flame thrower tanks
being used by the German army. One report stated that British
troops interviewed had felt that "Flame throwers, in conjunction
with roadblocks...form the best defense againet the German flame-

throwing tan.k.s."3 The Armored Force commander wrote to the War

125t 1nd. to G-¥ DF dta. 25 May 1940, Subj: Military
Requirements for Mechanized Flame Throwers, 28 May 1940, Records
of TAGO, RG 407, File #471.6, N,A.

2The Chief of the CWS had asked that a medium tank be pro-

" vided for testing purposes at Edgewood Arsenal. The Armored Force

could not comply, so CWS technicians went to Fort Knox. See
letter from Chief, CWS to President of the Armored Force Test
Beard, 5 Nov. 1940, RC 1?75, File No, 470.71/80, N.a.

3Military attaché repert to ACS, G-2, WD, 19 Mar. 1941,
RG 165, MID #3842, N.4.

i
i
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Department G-2, asking for more information on this report. If
the German flame tanks, loaded with flame fuel, were vulnerable
to other flame throwers, would it be wise to develop such a death
trap for a tank crew? General Chaffee had envisioned the tank-
mounted flame thrower as a weapon for use against enemy infantry.
What would happen if the Americans had to fight other tanks
armed with flame throwers? Would the yet-toc-be developed U.B.
tank have a greater range than the current German models?l
As more and more private citizens became interested in news
reports from Europe, suggestions from individuals and business
firms began to arrive at military headquarters all cver the
United States. One such letter, which came to Washington in
1940, suggested that, instead of trying tc propel ignited
gasoline at an enemy, the flame tanks should shoct jellied fuel
at an enemy position, then ignite the fuel with tracer bullets.
The tankers testing flame throwers at Fort Knox had ne way of
knowing that, within the next five years, this procedure would
become a commen practice fer American mechanized flame thrower
crews in combat. Their biggest worry in 1941 was devising a
device that would propel fuel at 11,2
The CWS technicians working at Fort Knox had a weapon
system mounted cn an old light tank that was ready for a test
in June 1941, On the day of thetest, everything that could go

i tarted
wrong, did. Gasoline leaked from the fuel regservoir and s

o] ort 58‘42 21
G, WD, Subj: MID Repor .

CG, Armored Force to AG,

July 1941, Records of TAGO, RG "*0?, File #4?0.?1, N.A.

2 John K. Kerr, Chief of Cavalry,
+E, Moss to Maj. Gen. . e
Mechaniged Division, 27 May 1940, RG 177, File #470.71/14, N.a
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a fire inside the tank turret. The fire extinguished, the

techniclans tried again to fire the tank. The compressed
hydrogen being used to expel the fuel had leakeq a.nd the flame
fuel drizzled out of the flame gun, setting fire toc the rubber
treads of the tank tracks,!

After this first failure, the Armored Porce and the WS
Project manager designed a different system which was mounted:
in an obsolete M2 medium tank. This model alse replaced the
tank's main gun, leaving only the machineguns for Protection of
the crew if the flame gun failed, Thisg "main-armament” flame
pro jector differed from earlier models in that its fuel was
propelled by compreassed nitrogen, The apparatué was supplied with
fuel from two 60~ga;lon reservoirs mounted inside the tank
turret. Three commercial metal gas bottles contained the nitro-
gen. An electrical spark at the mouth of the flame gun was
provided to ignite the flame fuel as it shot out of the nozzle,
The M2 flame tank could generally fire a stream of fleme for
about fifty yards.

A critical test of the flame projector came in September
1941 when the Armored Forece Test Board conducted a geries of
formal performance trials to determin

e if the flame weapon was

worthy of standardization and acceptance. The rigorous field

_ testing proved too much for the delicate seals and fuel lines

which broke down with distressing frequency. The Armored Force

—_—

) 1A report of the abortive tegt ig contained in Charleg T.
Mitchell, "Development of Mechanically Transported Flame

Throwers,” Technical Division Report 373 (Nov. 1943), . 9-10,
CWS 314.7 File, HC-EA, PP
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test report recommended rejection of the CWS device because of
its unsolved mechanical problems. Citing the unreliable nature
of the flame projector, the Board concluded that "Because no
requirement currently exsits [sic] for the continued testing
of this weapon, further expenditure of funds and man hours is
not recommended.” Thus the development of mechanized flame
throwers in the United States was all but abandoned on the eve
of the Pearl Harbor attack.l

This report, combined with the great difficulty experi-
enced by the CWS in securing tanks on which to evaluate
experimental flame thrower models often reduced the CWS to
using trucks as simulated tanks. The fact that the British
were developing several different models of flame tanks did not
imprese the American tankers of 1941, The Americans were more
interested in spending money on the development of an American
tank that could challenge the Germans in tank-to-tank battles
fought with armor-piercing shot. As it turned out, the Americans
were not wrong in anticipating a mechanized war against Germany.
But if more progress had been made on a flame thrower tank in
1541, fewer Americans would have died on Pacific battlegrounds
in 1643, The near-abandonment of the mechanized flame project
by the Armored Force cauged the CWS to shift its emphasis in

flame thrower development to the poriable flame thrower in

1 Force Test Board, "Mechanized
Report of the Armored .
Flame Thigwer. E2," Report No. 58, 13 Sept. 1%41, RG 175,
Box 4263, N.A.
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late 19‘41.1

Incendiary Bomb Development: 1946-1042

Along with flame throwers, the first year of war in Europe
had brought about the employment of incendiary bombs by the
German air force. The small-scale testing of incendiary bombs
and fillers that had been conducted at Edgewood since 1937 was
stepped up in response to an Ammy Air Corps request on 10 May
1941 which asked the CWS to produce (in conjunction with the
Ordnance Department) a small incendiary bombd similar to the
German 1-Kilog~am Elektron bornb.2

While Lendon and other British cities felt the impact of
German air raids during the summer of 1948, the Chief of the

CWS began a schedule of bi-weekly meetings with a small teap of

——

1Problems experienced in flame tank development are recorded
by E.P. Sherman, "History of NDRC Flame Thrower Development," in
Noyes, Chemistry, pp. 420-430. Sherman says, "The_biggest problem
was to obtain a definite assignment [from the Army] amid the ena.
leas discussion of whether mechanized flame throwers were really
needed...,” CWS difficultieg with the Armored Force are cited in
Lab. to Field, P. 151. The U.S., Chemical Warfare Committse, com-
posed of civilian and military seientists and engineers, was sent
to England in an atterpt to promote uniformity in U.S. and British
flame weapons. 1In spite of this group's efforts, there wag
little progress in this regard, Lab. to Field, pp. 45-46.

20n German fire bombs, see the Handbook on German Military
Forces, p. VIII-%2; also the Course Qutline, USAAF ANSCOL Courze
App. 34, p. 4, Pile #228.01 RC-EA.  This course materiml om
incendiary bombs states that while incendiaries made up only
abbut 25% of the total German bomb load dropped on London, the
British judged the incendiaries to have done 0% of the total
damage. The Air Corps request is recorded in an extremely
valuable document compiled by Capt. William H, Baldwin, CWS.
Entitled "Development of Incendiary Bombs," it is based on
interviews and Baldwin'sg perscnal experience while at Edgewood
Arsenal, 1940-1945, Now located in File #228.01, HC-EA.

|
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technicians from the Technical Division of the CWS. The topie

of their discussions was the production of magnesium/thermite
and cil-filled bemba to meet Air Corps requests. In August 1541,
General Baker revealed to this group that Colonel Enrique Zanetti
had beem recalled to active duty several monthe earlier and had
been in London a3 a special observer since June. On his retumn
to Edgewood Arsenal, Colonel Zanetti would head a special incen-
diaries branch of the Technical Division. The CWS was beginning
to respond to the increasingly frequent gueries from Army
aviators abecut the progress being made with incendiaries, demon-
strating once again the need for external pressure to activate
CWS activity in fields other than toxins.l

During September 1941 a number of important events
electrified Colonel Zanetti's group. Work begun in May %ad
tegulted in the acceptance and standardizaticn in September of
an incendiary bomb produced by the Ordnance Department with
technical agsistance from the CWS. This bomb, designated th?
AN-M50, was a copy of a British 4-pound incendiary that comb%ned
a magnegium alloy casing with a thermite filler. It would b?
modified and improved throughout the war and would become the
mainstay of the Allied incendiary attacks against German cities

in 1943-19435.

L tes and interview by Capt.
chronolo based on notes C '
Wm. H. %ZEdwin, Cl'u'Sle‘r Entitled "D:ve}opm;ngsoglNaﬁglEA tgigng
int iew notes is found in File #228. 1, -EA. _
:ithoih;nngizs entitled "Development of %n;egdiar¥ gngagnmgﬁe_
i evicusly and the "Develop@ent of NaPa T’ a
;éiggdagrexcelleit background outline entitled "Development of
Incendiaries.” These three sets of worklgg papers, full off ene
typographical errors and miespellings, bring to 1%re.mang of
individuals who labored to perfect the CWS incendiaries during
World War II.

1o
Also of prime importance to the incendiary specialists

was the War Department decision to transfer the total respon-
3ibility for the design, testing, and procurement of incendiary
bombs to the CWS. The Ordnance Department, still devoted to

High Explosive bombs, agreed without argument and quickly passed

tc the CWS a War Department order for the producticn of 125

million M5¢ bombs! The War Department order threw the CWS into

a quandary regarding the ways and means to procure such a large

order on short notlce, but it was a welcome step in that the

respongibility and authority in the incendiary field now rested
golely with the CWs, thereby eliminating much of the Juris-
dictional wrangling that had marked Ordnance
1937 on.!

-CWS relations from

Finally, September brought word that Progress was being
made in the search for a means of thickening fuel for bomb
fillings. Dr. Louis F. Fieser, of Harvard and the NDRC, was
hard at work with chemigts and engineers from major firms in
his search for an effective thickening agsnt that could be used
with the only incendiary bomb then available to the rapidly
expanding and recently renamed U.S, Army Air Forces,

These events in the early fall of 1941 were to provide

the impetus for the incendiary bomb program that would, by the

1The letter alerting Gen. Baker to the impending shift in
responsibility is now located in RG 175, N.A. 3See Asst /5,
G-4, to Chief, CWS, Subi: Procurement of Incendiary Bombsg, dtd,
3 September 1941, File 471,6/340-351, The order making thisg
official was War Dept. GO No. 13, 24 November 1941, Luckily for
the CWS, the Ceneral Staff transferred sixty-nine millien dollars
from Crdnance to CWS to cover the coat of the bombs, See Brophy,
Miles, and Cochrane, From Lab., te Field, pp. 342-343,
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end of the war, be the single greatest CWS contribution to the

Allied war effort, Although Zanetti and his associmtes were
gratified and masked their conecern with a "better iate than
never” attitude, time was running out for the United States.
After 7 December 1941, the United States Ffaced three
enemies, all of whom had working flame throwers, both portable

and tank-mounted. In the German Luftwaffe, the U.S. had an

adversary fully knowledgeable regarding the effective employment
of incendiary bombs, In contrast, the U,S. Army possessed only
one standardized flame thrower, the M1 portable, which was just
beginning to rezch engineer units still untrained in its uase.
While the Marines had bought 180 M1s in Navember 1941, they

were ho more ready than the Army to employ these weapons in
combat. Although experimentatien with incendiary bombs was

naw proceeding more rapidly than before, the CWS had yet‘to
develop a truly effective means for thickening gasoline for
fire bombs.!

Clearly, the United States wag incapable of employing
incendiary weapons of any type at the beginning of its active
involvement in World War II. Several years, vast effort, and
previously undreamed-of sums of money would be spent before

U.5. incendiary weapons came of age in World War II.

1Quartermaster. HQ USMC, to Chief, CWS, Subj: Request for

shipment of Flame Throwers, M1, Portavtle, 10 Nov. 1941, RG 175,
File #400.312/425, N.A. The CWS had also experimented with =
large emplaced flame thrower for beach and air field defense,
For information on the CWS emplaced flame projector project,
see McKinney, "“Portable Flame Thrower Oper.,” p. 25.
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After Pearl Harber

Americang had little to cheer about in 1942, 0ld-time
Regulars, called-up Reservists, and overworked civiliang
struggled to train and equip the burgeening U.s. forces while
outmumbered Americans in the far Pacific fought desperately
t6 hold back the Japanese advance. At Edgewood Arsenal, the
CWS was fully aware of the threat posed by the possibility of
Bas warfare. President Roosevelt had premised to retaliate
if the Germans or Japanese initiated peisen gas attacks.
During the months Tollowing the Japanese attack on Pearl
Harbor, the CWg applied most of its rescurceg to the task of
training and equipping not only service Ferscrnel, but civilian
defenge groups in the proper procedures to be followed in the
event of a poison gas attack against the United Sta‘tes.1

Although the possibility of gas warfare was the primarﬁ
cancern of the CWS, the Technical Division felt obliged to
carry on with subsidiary programs in the fields of battlefield
screening (smoke), the refinement of the 4.2-inch chemical
mortar, and incendiaries, The work being done on the flame
thrower, which centered around the procurement and issue of the
M1 portable, received added impetus in February 1942 when word
reached Edgewood that the Japanese had used flame throwers
8gainst American and Philippino troops on Bataan Peninsula and

that & number of Cws troops in General MacArthur's command

b
For background reading on the U.S decision not t
. : .5, 0 usge
pOLSggzgggé gee Kleber and Birdsgell, Chemicals in Combat, “
PDp- - .
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ad lost their lives.1
The prewar CWS had been a small, tightly knit organiza-
ion. The fall of Corregidor and the subsequent stories of
ipanese atrocities on Bataan that were circulated through army
>8te in the United Stateg spurred the soldiers at Edgewood in
1eir development of the flame thrower and incendiary bombs.
r many of the CWS officers, essentially techniciang, the war
ok on a highly personal importance. Any lingering questions
rrounding the use of flame weapons tended to fade away at
gewood by mid-1942, The important questions about the
cendiary weapons became much more utilitarian. Whe should
e them? How can they be employed to the best advantage?
w can the weapong already developed be improved?2
For the remaminder of 1942, a year of delaying actions by
e Allies in the Pacific, in Russia, and North Africa, the
S worked to answer these basic questions about the flame
Apons. Most of the effort went toward the portable fleme
rewer and incendiary bomb brojects. The Armored Force,
L1y aware that its primary role would be top cthallenge German
er, expressed very little interest in continued development
mecnanized flame throwers. Once fears of a German or Japanese

—_——

1Gol. Stuart A. Hamilton to Chief, CWs, Subj: Japanese
me throwers, 19 Feb. 1642, Chief, CWS Records, RG 175, File
'0.71/281, N.A. Also found in the compilation of “Reports of
» Activities, U.S. Forces in the Philippines," Hg, ATmy Chemical
iter (Nov. 1946}, {Mimeo)}, in file #2389, Military History Col-
tion, Ammy War College, Carlisle Barracks, PA. later,evidence
Japanese flame throwers used 2gainst the Marine defenders of
e Island was uncovered. See Frank 0. Hough and Verle E. Lud-~

» Pear] Harbor te Guadalcanal. ¥Yol. 1 of U.S, Marine Corps
rations in World War 11, iWashington. D.C.v GPO, 19€?i. .

.

2Commentary on attitudes derived from interview with
nard Cohen, USA, Ret., Edgewood, MD, 10 Mar, 1975,

N
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invasion of the United States sSubsided, the develomment of

large emplaced flame Projectors wag halted, [np the case of the

Portable flame throwers, the CWS suffereq from the lack of a

the weapon,
Attempting to resolve the question about the Proper place
for the flame thrower in the Ammy, the Chief of the CWS turned
to the General Staff for guidance. Citing the 1941 report or
the Infantry Test Board in which the Board had recommended that
the flame throwsp be adopted ag gz "special infantry Weapon," the
ef the M1z, T1n June 1942, only the engineer troops attached to
various type of combat units were authorized flame throwers., The

table below outlineg the number of flame throwerg authorized;

Number of Wig
Authorized Type of unit e€quipped

2 Per Combat Regt, Sqdn,
Armd Bn & Combat Eng. Bn.

12 Per Inr Parachute Regt
to be held in depot for
special opnsg.

] Per Inf Parachute Regt *
Tor tralning Durnoges
—_—

1
Memo, CWs Munitiona Develo i
i Pment Div, P c
ggggéctRzgogtlof ggﬁierence gn Mechanized Fla;g Tgisiérc?gﬁs
-8. ar. 1943, cwg J14.7 File
flame throwers.'aes Memo, G-4 Requi . |, wp Ciplaced
" Qulrements Div,, WD, i

C?S, Subj: Enplaced Flame Throwers, 14 Sept. 1942 R:gogQQEfr
2 TAGQ, RG 407, File #h?o.?1/1o. N.A, Also, McKiéne
Port. ¥. T. Operations,* p. ‘5. ¥
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A year had passed since the tests of the F1R1 had been conducted

at Fort Benning. Did the Infantry want flame throwers for
themselves? The CWS needed to find out.>

The reply sent to Major Ceneral William N. Porter, the
wartime Chief of the CWS, displayed the "wait and see” tone
that was prevalent throughout the Army in 1942, 1In their letter,
the staff planners at HQ, Army Ground Forces sald that while
“The Infantry feels that the flame thrower has a very definite
place as an offensive and defensive weapon..." it had no
definite idea of how it might be best utilized or by whom, It
was suggested by the Infantry that the weapon should be regarded
as a special purpose weapon (like aggsault boats) or that whole
units equipped with flame throwers be established. The staff
letter concluded by saying that if improvements were made in the
current flame thrower, "the future of the flame thrower may be
greatly changed, and it may become a wespon that the Infantry
can uge guccessfully for normal misgions, but this cannot be
foreseen positively at this time, and no change in basic policy
is warranted...."?

For tactical doctrine concerning flame thrower employment,
the CWS would rely primarily on its first effort, Training
Circular No. 72, Only one addition was made to published

tactical doctrine during 1942, In a new field manual published

lchier, oWS to CG, AGF, Subj: Requirements for Flame
Thrower, portable, M1, June 3, 1942, RG 1?75, File #bL70.71/1737,
N.A.

“1st Ind. to OWS 470.71/137 above, HQ, AGF +o Chief, CWs,
June 23, 1942, RG 175, File #470.71/1372r, N.A.
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In July 1942, entitled Tactics of Chemiecal Warfare, the CWs

c¢ited permanent or semi-permanent field fortifications ag the
primary targets for Tlame thrower assaults. Another Year would
pass before the Corps of Engineers and the CW3 would produce
manuals that dealt more specifically with flame tactics.1

The problems of the M1 were numerous. As pointed out in
a letter from the commander of the i4th Motorized Engineer
Battalion, the M1 wag subject to broken fyel lines, leaky
valves, and Trequent logs of Pressure. On some occasions, the
delicate, battery-powered ignition system failed to produce =
spark and unlit fuel shot toward the target. Qr, the hydroegen
¢¥linder which Provided the Pressure to expel the flame fuel
would malfunction and the stream orf burning gasoline would
dribble out, surrounding the operator with a ,puddle of burning
fuel. Worst of all, the M1 might eject nothing but unsettling
gurgling noises which left the hapless operator wondering just
what was going to happen, The averags goldier‘s lack of con-

fidence in the weapon boded i1l for units slated for overgeas

movement.2

Amidst all the different ideas advanced by the "flame

crowd” at Edgewsod for ways *o Improve the M1, twe proposais
- j
'™ 3-5, Tactics of chemi 1
. M 3-5, og emical Warfare, 20 July 1942 Sec.,
VI, "Engineer Troops, PP. 76-78, and ™ 3-375, Portable.Flage
s9rzavie Flame

Throwers M1 apd M1A1, Ma 194 Al ™ D i
oF Togr—————aC Minl, ' -
of Engineer Field Unlts,y23 Agril lggé'see 57135, Cperations

2

C.0., 4th Engineer Motorized Bn. to CG AG]

: i . . AGF, 24 .
1942, indorsed to Chief, CWS, 30 Sept, 1942, Recorés ofssgg
RG 337 ang Rg 175, File #4?0.?1/?2418, N.A, ’

R T
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were generally agreed upon. Firest, anly combat operations

would uncover all of its deficiencies, and second, the most
pressing need was for an improved flame fuel.

The gas and diesel o0il mixtures were unsatisfactory, The
flame stream burned itself up on its flight from the flame gun
to the target. A more viscous fuel was needed--one that would
burn more slowly and could deliver more fire on the %arget,
Early eaperiments with fuel thickeners composed or soap, raw
rubber, or crankcase 0il, gome of which dated back to World War
I, had all proved to be disappointments.1

Division 11 of the NDRC had been working on the flame fuel
problem gince February 19u1, Several groups of scientists ware
engaged in this research. One orf these teams was at the
laboratories of the Standard 0il Development Company, where
research chemigts had been working diligently to discover a
nethod of lowering the flash point of gasoline. They experi-
nented with various compounds built around aluninum hydro-
chloride which, when combined with gasoline, formed a jelly-
Like substance. The Standard 0il team also found a rubber-based
thickener called "IM" (igsobutyl methacrylate). It formed a
substance which had the consistency of applesauce when added
.0 gasoline, Unfortunately for Standard 0il and the CWS, the
'apanege advance into Malaya cut off most of the rubber supplies
pon which wholesale use of IM would necesgarily depend., In

ests conducted by the CWS and the Army Air Forces {AAF), both

1McKinney. "Port. F, T. Operat%ons," P. 35. See also
aldwin, "The Development of NaPalm,” pp. 2-13,
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Mmixtures functioned well 43 a filler for incendiary bombs.

Bath, however, had a gerious shortcoming. These mixtures would

not remein in the desired gelled State over an extended period

of time and tended to break down intg their originel compenients,

especially when being handled during shipment, Thus, incen-

diary bombs could not he filled in tne United States and then
éhipped overseas. These eompounds would also be unsatisfactory

85 a flame thrower fue] because rigid eontrol had to be main-

tained during the mixing process lest temperature or humidity
variations cauged unwanted chemical reactions in the gel. The
average soldier, working under less than ideal canditions in the
battle area, would be far too likely to blend the fuel

incorrectly.1

During the second half of 1941 another group or sclentigts,

Louig Fieser of the NDRC, had been
working on the flame fuel problem.

under the direction or Dr.

Their efforts would provide

the CWS with the Substance it needed to produce a much more

efficient filter for bombg and flame throwers. Aftef a great

number of unsuccessful experimentg, Fieger's group tried

blending the fatty scaps extracted from eluminum napthanate and

aluminum palmitate, Having produced a g00ey substance, the

scientists borrowed a meat grinder from the diring hall at

Harvard ang ground the compound into what looked like fat worms.

The worms were then added to gasoline, The chemical reactlon

that resuited transformed the whole mixture into a eompound

that, like IM, hag the look angd congiste
—

LSummary Tech. Bpt. of Div, 11, NbRe, voi1, 3, pp. 7-15,
192-227"" See alse rophy, Miles, ang Cochrane, From Lab, to

Field, pp. 167-169,

ncy of applesauce. When
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dried, thig material could be separated into marble-gized balls

and packed in tightly sealeq containers., Qn being mixed with
gagoline, the chemicals in the Compound would cayge 2 thickening
of the Zasoline, thug lowering jts burning friagh point.

In a gerieg of Army Air Force tegts conducted gt Edgewocd

Arsenal in the summer of 1942, the Fiesger conpound showed ne

Dr. Fieger elected to name it by Using letterg from the firsgt
syllables of the two main elements: 3+t was called NAPALM.1
Although this Substance, which algg had the logk and feel
f applesayce when mixed with gasoline, provideg the Army with
he badly-needed fuel thickener for incendiary bombe, it also
resented a new problem, The M1 flame thrower wag $imply not
owerful enough to handle the thicker, more viagcoug fuel. Pacgeq
ith the requirement of redesigning the M1, the cws once again
Irmed to the NDRC for help, ©The CWS Technical Division Chier,

"lgadier General Kabrich,established an ad hoc committee at

ame thrower,

—

Summary Teon. Rpt. of Div. 11, wprg, voi, 3, pp. 199-208,
" a first-hand account of the work a+ Harvara, see Louig F,

*ser’, The Sclentifie Method (New York; Reinhold, 1964),
, 180—193.

DY the Kincaiqg Ca. ang the

save time, the CWs had not a

ignition System, 714+ wag t

emo for Recorg Subj i
Thrower, Office of the] o fisto

1457, File 470, 71/2260,

Ty of M1a1 Portable Flame

Chi
§}§f, CWs, Nov. 11, 42, kG 175, Box

Finklestein, "Flame Throwerg, »
8," Papt g, . -
14,000 Mials were manufactured during Worig wfﬁ I§27Di?f;;‘9ygr
Beatt] . LT na »
'Y+ Brophy, Milea avs'® Z22attie WMar,

|
|
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Fig. 2. M1A1 portable flame thrower
Source: Leonard L. MeKinney, "Portable Flame Thrower Oper-

" i i ical Study
i in World War IT Chemical Corp; Historica.
3;?oﬁs{éggegood Arsenai. Md.: HQ, Chemical Corps, 19587,

0. 57, (Mimeographed).

branch must have geemed overwhelming., The swirl of activity
that engulfed formerly gleepy Edgewood Arsenal was at once
confusing ang exhilarating. Immersed ag they were in their
OWNL pro jects, most protabably failed to appreciate the full

magnitude of what wag being accomplished., 1Ip effect, a new

The offigiml higtories of the CWS point with obvioug
Pride teo the astounding &ccomplishmentg of the Service during
the first fyl11 Year of war after Pearl Harhor, The dedication

of the hastily formed staffg ang units is Justly braised. What

great deal or "imported® talent from civil lire and the Army

Regerve, fThe Prewar researeh ang development Proegram, limiteq

—_—
Yohapter 2 of Brophy and Pisher, Urganizing for war,

containg g number of diagramg depicting the eéxpansion of the

CWs during thig Period. Appendix A, page 398, shows an increage

in CWs military Personnel 3trength from that aor 993 officers

and 5,591 enlisted men in December 1941 to 5 figure of 5,192

¢fficers ang 40,990 enlisted men one year later, Fop Some gragp
of the pPreliferation of CWS units, ges Appendix H, Pp. 424_471,
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enlarged during the period since 1939, still failed to provide

truly adequate means for testing new concepts in weaponry not
directly related to roison gas.1

What was absent, it seems, was a clear understanding of
the procesg by which organizations may respond to unusual require-
ments. Lacking even a skeleton staff for incendiary weapons
development in prewar years, the CWS was forced into a situation
where new staffs and officers preliferated to fill this void in
the organization. Slipshod management of vital programs was
sometimes the unfortunate result, The ability to make a smooth
transiticn from peace to war is a part of a nation's arsenal
that is too often overlooked,

As 1942 drew to a close, the CWS.in the United States
continued to wrestle with new problems, created ad hoc committess
te deal with them, At camps and test facilities, CWS techni-
clans waited for word from the fighting forces overseas who
would depend on the support as they began the long and perilous

journey to Berlin and Tokyo.

—————

1Ernphy and Fisher, Organizinz for War, Chapter 3, pp. 49-

62, Thig short chapter, entitlegd “Crystallizing the Wartime
¥ission," shows that the CWS was still concerned with how and

when to employ poison gas, The role to be Played by flame weapons
was Still unknown and the development of such weapons still a
sidelight of the CWS effort and perceived mission.

2Baldw:’m, "Development of NaPalm,* pp, 3-4, alludes to a
number of personal and staff rivalries that arose in 1942 and in
the end result, adversely affected CWS Progress. An insight to
the impertance of scund organization prior to war is provided
in a letter to the author by Theodare Ropp, Duke University,

6 Gctober 1978,

’ Previously untesteq by American troops in combat. One such

CHAPTER IV

FLAME THROWERS FACE THE
GERMAN WAR MACHINE, 19h2-19435

The year that followed Pearl Harbor sped by as the U.S,
Army prepared for the Tirst strike againgt that Axis enemy
deemed most dangerous by Allied Pelicy-makers, Different
strategic concepts, national egocentricigm, and inter-servige
rivalries sometimes clduded the more mundane considerationg of
shipping strength, troop availability, and ge0graphy as the
leaders of the Grang Alliance dickered over the questions of
“when” and "where" to strike first at the German war machine,

The spirit of compromise that wag to characterize (albeit
imperfectly) the Allied ctampaiegns against Hitler led to the
decigion to attack before the end of 1942 and to begin the
asgault on Germany on the faraway beaches of nerthwest Africa.
As U,S. troops in England and the United Stateg bearded trang-
rorts bound for invagion beacheg near Algiers, Oran, and

Casablanca, they carried with them a great deal of equipment

item of gear wag the portable flame thrower, Model M1,

Engineer combat battalions that were assigned to each
U.5. divigion participating in Operation TORCH had been hastily
equipped with twenty-four M1 flame throwers after these units

were selected for TORCH, The amount of training with the M1g

that had been accomplished varieg from unit te unit, bdut as a



CHAPTER ¥

AERIAL BOMBARDMENT OF GERMANY :
THE ROLE OF INGENDIARY BOMBS
Within months after the attack on Pearl Harbor, U.S.

und troops and Army Air Force units began to arrive in the
tish Isles. The shipment of these forces sustained flagging
tish and Russian morale to some degree and served notice on
ler that the Third Reieh would be the top priority target for
Allies. From mid-1943 until Vv-E Day, the U.S. Ammy Air
ces in Europe made a significant contribution to the Allied
effort, Most important to this study are the ways in whicﬁ
lal incendiaries were used by the American airmen and their
tish allies as their combined air offensive carried the war

nillions of Germans.1

By mid-1942, the U.S. Army had established several head-
*ters in England. One of these headgquariers was to serve
the nerve center of that mighty bomber fleet degignated

1th Air Force, A tiny segment of the rapidly enlarging

-— -

1The 8th A.F. was joined by the 9th A,F. just prior to
y. The 9th A.F. was composed chiefly of fighter and medium
er units. The 15th ALF., operating from bases in Italy
r 1943, assisted the 8th A.F. Iin the strategic {long range)
ing of Germany. For more information on the U.B. Army Alr
s In the ET0, look to W.F. Craven and J,L. Cate, (eds,)

Amy Air Porces in World War II, Volsg. 1- Chicago: Univ,
hicago Press, 1951), ’ 2 & Y
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8th A.F. staff was devoted to the implementation of chemical

warfare and chemical defense, Headed by CWS Colonel Crawford
M. Kellogg, the 8th A.F. Chemical Section assumed air staff
responsibility for directing all chemical training and supply
within the command. The Chemical Warfare Service personnel
working for Colonel Kellogg alse faced the task of convincing
bomber unit commanders to utilize the only offensive merial
weapon produced by the CWS; the incendiary bomb.

For mere than a year prior to the Japanese attack on
Pearl Harbor, CWS officers had been conducting a series of
seminars at Edgewood Arsenal during which their growlng interest
in the wartime potential of incendiary bombs had been nurtured.
As noted in Chapter III, Colonel Enrique Zanetti was the fore-
most champion of incendiary bombs in the prewar CWS. Shortly
before being recalled to active duty, Zanetti had written in

the Chemical Warfare Bulletin:

Whether one is prepared tc accept the long-
foreseen 'amll-cut' type of warfare, in which the
destruetion of civilian morale plays such an impar-
tant part, or whether one condemns it as brutal,
inhuman, and uncivilized matters little, All-out
warfare is here and must be faced.

It is elementary that the achievement of
conflagrations should be the aim of users of
incendiary bombs,when attacking combustible areas
of large cities.

The CWS staff at Edgewcod, anticipating a call for incendiaries
from the 8th A.F., began shipping small quantities of the 100-1h,

M&47 incendiary bombs to Colonel Kellogg in June 1942. After

1J.E. Zanettl, "Sirate of Incendiaries,” Chemical Warfare
Bulletin [hereafter CWR] 27 %ﬁpril 1941): bi-4k,
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receiving the first small shipments, Kellogg =zet out to oversee
their use.1

As he traveled around England, Kellogg found widespread
evidence of the earlier German success with the Elektron and
110-kilo o0il bombs that had been dropped on British ecltles
during 1940 and 1941, Royal Air Force (RAF) officers explained
to Kellogg that the British had been steadily increasing their
use of incendiary bombs in the retaliatory raids against
German cities that had begun in 1941. The RAF, while recognizing
the importance of destroying German war industry, was also
committed to destroying the will of the German people. As ohe
study of the Allied air offengive reports:

[In May 1941] Air Marshal Lord Trenchard adVOcatéd

repeated night and day bombing atiacks on military
targets in German towns so that bombs which either
overshot or undershot the target would fall on the
civilian population....The Chiefs of Staff accepted

Trenchard's thesig that civilian morale provided the

most vulnerable target in Germany.2

In spite of the British enthusiasm for incendiaries, how-
ever, the majority of the newly arrived U.S. air commanders

were determined to rely on High Explosive (H.E.) bombs with which

they had trained in the United States. Not only had the

l5ce Kleber and Birdsell, Chemicals in Combat, pp. 150-15,
619-621, A number of message slips and notes from Kellogg to
various staff members of the 8th A.F. headquarters regarding the
arrival of M47 bombs are found in the 8th A.F. Chemical Munitions
File. Now preserved as File #519,8671-7 {¥ol. I), in the Albert
F. Simpgon Historical Center [ AFSHC].

2Norman A. Graebner and Martha J, Roby, "Allied Assault on
Germahy," in Cape Studies of Massg Attacks on Populatlons, pp. 57-
58, This is Vol., 111 of the four-voliume study compieted in 1965
by the Historical Evaluation and Research Organization {HERO ]

entitled Military, Pelitical, and Psychological Implications
of ¥Masgaive FopuIatIon Casual ties In Higtory.
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Americans committed themselves to high-level precision bombing,

but they had an aircraft, the B-17, that promised the in-flight
3tability necessary to carry out "pin-point" bembing. Coming as
they did from a land untouched by enemy bombs, the U.S. airmen
were not nearly as -willing to bomb civilian population centers
as were the Britigh.

During the summer of 1942, Colonel.Kellogg took every
precaution to insure that the rapidly growing 8th A.F. bages
contained sufficient quantities of protective equipment in case
of a German toxic gas attack. Thip part of his mission com-
pPleted, he turned his attention to the impending U.S. participa-
tion in the bombing of German installations on the Continent.
Gilven the stated U.S. position on the use of toxins, it was
¢lear to Kellogg that, if the CWS was to contribute to the air
assault on Germany, it would be through the use of incendliary
bombs developed by the chemical branch.

In attempting tc “sell his product" to the airmen of the
8th Bomber Command, Kellogg devised a two-pronged strategy. He
asked the British for help in persuading U.S. commanders to
try incendiaries. Of course, if the RAF should succeed in
this, many more incendiary bombs of different types would be
needed in England. Assured of British help with the first part
of his plan, the energetic CWS colomel turmed to the second
Part of his task. Purposely overstating the demand for incen-
diary bombs in a message to Edgewood, Kellogg hoped to insure
that a sufficient numﬁer of incendiary bombs would be available
to the bomber crews. He wag gratified when the CWS Supply

division informed him that more bombs would be shipped to him
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on a top priority basis.1

RAF officers contacted by Kellogg responded enthusiastiecally

to his request for assistance. In addition to British air force
personnel, a number of civilian technicians velunteered to
assist the American in his campaign for incendiaries. Many of
the British incendiary experts were members of an operational
regearch organization known as RE/8 [Research and Experiment
Statlion, Section 8], 1In conjunction with RAF bomber crewsa, the
personnel from RE/8 demonstrated the various types of British
incendiary bombs (and U.S.-made M50 magnesium bombs) for Eroups
of U.S, officers, The British also invited Colonel Xellogg
and several of his subordinates to join an informal organiza-
tion known as the Zoroagtrian Society. The group was devoted
te the gsclentific study of incendiary weapons z2nd tc the
improvement of incendiary btombing technigues. A great deal of
useful information was provided by the British members of this
2d hoec group to their American cohorts. In this manner the
8th A.F. Chemical Section was able ta overcome, to some degree,
the lack of information on incendiary bombs that hamstrung their
early efforts to promote the use of fire bornbs.2

Throughout his tour of duty as the 8th A.F. Chemical

Officer, Colonel Kellogg continued to apply his energies to the

lchief, CWS Supply Division to Chem. OFf., Bth A.F., 14
June 1942, Subjr Material Shipment, RG 175, File #329.?5/23.
N.4.

2
Chemical Section, Bth A.F.," (Mimeographed), CWS 425,01 file,
HC-EA. Some information is found in the "Exposition of the
Composition, Functions and Activities of the Chemical Section,
U.S. Sirategic Forces in Europe,” 16 June 1944, pp. 78-79, File
519.805, AFSHC.

Chemicals in Combat, p. 619. See also the "History of the
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accomplighment of the CWS and Army Alr Force mission. He per-
gonified the innovative and imaginative CWS officers that filled
many overgeas posts. Cut off from their own branch of the
service, functloning as staff officers in combat umit head-
quarters, many of these CWS officers were painfully aware of
the pitfalls that await the man who woulﬁ serve two masters.
That Kellogg was able to finally convince many U.S. airmen of the
importance of incendiaries by overcoming their reluctance and
ignorance of flame weapons serves as testimony to his persis-
tence.

Colonel Kellogeg was not totally alone in his attempt to
overcome the reluctance of U.5. airmen to use what wag, to them,
still an unproven munition. Also urging the 8th A.F. to
utilize incendiaries was Horatio Bond, an expert on industrial
and urban fires gerving ag an attaché from the Cffice of Civil
Defense at the U.3. embassy in London. In a memorandum toc the
staff of Lieutenant General Ira C. Eaker, the commander of the
8th A.F., Bond said, in part:

We may be overlooking an important weapon if

we do not take full advantage of damage to the

enemy that can be caused by fire....It seems to me,

therefore, that a very definite policy should be

developed for looking into the use of fire as a

weapon. We need to use fire bombs like those being
employed by the British with such promising results.

1Horatio Bond to Col. R.D. Hughes, Asst. Chief of Air
Staff, 4-5, Bth A.F., 3 April 1943, Subj: Incendiary Bombs,
File 519.551.7, AFSHC.
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Colonel Kellogg would have been gratified to lmow that

staff papers concerning incendiary bombs had begun to circulate
not only around 8th A.F. headquarters in early 1943, but in the
Washington, D.C. headquarters of the Army Air Forces. In april
1943, General Henry H. (Hap) Arnold received a memo which pro-
vided a bleak assessment of U.S. incendiaryrbombax " We have
absolutely no incendiary bombs that will meet the Air Force
requirements and standards for precision bombing of specific
continental targets." The Air Force commander ordered his
staff to report to him within twe weeks on the comparative
effectiveness of various types of incendiaries, and on the
availability of incendlaries by mid-1943, The response to his
directive showed the following type of U.3. incendiaries which

would be available in the summer of 1943:

Relative Effectiveness Against
Typical Eurcpean Targets

Nemenclature {max, 10)
AN-M5C, 4 1b magnesium/thermite 10
AN-M54, 4 1b thermite/steel case 2
AN-mL7, 100 1b Napalm 8
AN-MES, 6 1b Napalm 17

*Later experience showed this figure to be groesly inaccurate.
The M50, though rejected by the RAF because of a high dud rate
in early 1943, was i.rnprov{ed and became the favored U.S. incen-
diary for use in Europe,

On orders from General Arnold, the 8th Air Force began
experimenting with various types of incendiaries in 1543,

Because of mechanical failures in fuses and bomb design, many

1co1, A.R. Waxwell to Col. L.C. Cabell, Air Staff, A-b, 8
May 1943; Subj: Informal Comments on Incendiary Bomb S$tatus,
145,81-8B4, AFSHC, See also Lt, Gen. H.H. Arncld, CG, USAAF, to
ACS, Air Staff, Material, ¥aintenance, and Distribution, 21 April
1943, Subj: Incendiary Bombs, with two indorsements, 145,81-84,
AF3HC.
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airmen in the 8th Bomber Command remained unconvinced of the
suitability of incendiary bombs. The majority of the airmen
felt that H.E. bombs were the only ones capable of destroying
sturdy Gemman structures. A good number of the skeptics were
to change their minds before the end of the summer of 1943, for
in late July the RAF demcnstrated what massive incendiary
attacks could do to a modern German industrial center. The
scene of this vivid spectacle was the city of Hamburg, one of
Hitler's major industrial centers and the home of over two
million people. The RAF campaign aimed at the degiruction of
Hamburg by fire was code-named Operation GOMORRAH.

Hamburg was chogen as the target of an all-out, ten-day
attack for several reasons. The shipyards of this eity in
northern Germeny were the chief producers of gubmarines for
the Kriegsmarine. A major rail center, Hamburg also contained
other industrial sites and military installations. Petroaleum
refineries, truck factories, and armaments works all vied for
space within the confines of greater Hamburg. The concept of an
attack by fire had been outlined in an earlier RAF study on
incendiary bamﬁing, which explained:

Tha destruction of a city by fire can only be
obtained by creating a large-scale conflagration in

the vulnerable built-up area of the city, which

generally lies about its centre. In this form of

attack, the basic requirement is to drop a sufficient
nunber of potential fire-raisera in the form of
incendiary bombs to saturate the fire guard and fire
brigade service. In eddition, H.E. bombs must be

used to harass and lower the efficleney of the fire

fighters, to break water mains, and to deny access
to the fires by blocking structures, etc.

llncendiary Attacks of German Cities, Dept. of Bombing
Operations, Britlsh AIr Minlstry, January 1943, pp. 66-67,
512,547J. AFSHC.
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Operation GOMORRAH was carried out by the RAF Bomber

Cotmend under the command of Air Marsnal Sir Arthur {"Bomber"}
Harris during the period 24 July-3 August 1$43. The British
bombers conducted 3,095 sorties at night, while 255 B=17s of
the U.5, 8th A.F. made two daylight follow-up attacke.

Four major night raids were launched during the ten-day
operation. The attack of 27-28 July was the most devastating.
On that night, tha RAF force of 787 heavy bombers was able tc
bomb without being molested by German night fighters. Denuded
of fighter interceptor protection by the British ploy of drepping
aluminum chaff (code-named WINDOW) to confuse the German radar
operators, Hamburg lay at the mercy of the bombers, protected
only by its anti-aircraft guns.

The first British pathfinder aircraft began dropping
large flares and incendiary markers on the target {the ship-
yards) shortly before midnight. The fires started by the
pathfinders were burning and provided effective markers when
the main force arrived over the target area at 1:00 A.M. on
28 July. The loads carried by the Lancaster and Wellington
bombers were composed of H.,E. and incendiary bombs of various
sizeg. The fires that gprang from the incendiaries fed on the
dry buildings in the city and grew to such an intensity that
there developed in Hamburg what ceme to be called a "Fire

Storm. !

1‘I‘he planning and objectives of Operation GOMORRAH are
fully treated on pages 168-170 of Anthony Verrier's The Bomber
Offensive, (New Yorx: Maemillan, 1968). See also Endeavour,
Yol, II of the four-volume official history of the HAF in Woxld
War I1, by Sir Charles Webster and Noble Frankland, The Strategic
Alr Offensive Against Germany, 1%39-19459, {(London: Her Majesty's
Stationery Office, 1961}, pp. 138-167. Finally, look to Martin
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The FeuerstUrm was caused by the intense heat generated

by the burning city. There was little sgrface wind that night,
and the great mass cf super-heated air rising from the growing
conflagration rushed upward at great speed. A vacuum resulted
at the base of the fire. Into this void poured coocler air from
the surrounding area. Winds of hurricane force developed as the
air rushed through the streets of Hamburg to fuel the fire.

The magnitude cf the resulting infern¢ and the destruc-
ticn it wrought have been decumented by several German authoritiss
at the stene. Horatio Bond, in Fire and the Alr War, has cited
several of theae German eofficials in reporting:

Police engineers in Hamburg estimated that the
temperatures in the burning city blocks went as high
as B800° C. {1472° F.). Literally hundreds of people
were seen leaving sheltersg as the heat became intense.
They ran across the streets and were seen to collapse
very slowly like people who were thoroughly exhausted.
They could not get up.

Many thus Killed were found to be naked. The
heat and flames destroyed all clothing except shoes.
Most of these people were not burnt to ashes when
recoyered but were dry and shrunken, resembling
munmies.

In the shelters, bodies assumed various aspects
¢corresponding te the circumstances under which death
had set in. Bodies were frequently found lying in a
thick, greasy black mass, which was, without a doubt,
melted fat tissue.

Caidin, The Night Hamburg Died, (London: MNew English
Library, 1966). Some of the major industrial targets were:
Blohm & Yoss Shipyards, Europaische Tanklager & Transporte, A.G.,
and the Deutsche Petroleum A.G. refineries.

LHoratio Bond, (ed), Fire and the Air War, (Boston:
Nat'l, Fire Protectien Assec,, 164%), pp. 116, 119. See also
Appendix 30, Vol. 4 of the Strategic Air Offensive Againgt
Germany. This appendix contains an "Exirmet from the Repart by
the Pofice President of Hamburg on the Raids on Hamburg in July
and August, 1943, dated lst December 1943," pp. 310-315,
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That the effects of the attack on Hamburg were felt for

some time afterwards was acknowledged by Albert Speer, Hitler's
Minister of Armaments and War Preduction., Speer said after the
war, "Fires made the greatest impression on the general morale
of the population, which after the events in Hamburg and else-
where was extremely afraid of the gutbreak of large area
conflagrations.”1
The gtaff at 8th A,F. headquarters was also impressed
by the British success at Hamburg, especially when aerial
photos showed massive damage to all major industrial sites in
the city, including the shipyards. Huge dockyard cranes and
tramways, though still gtanding in most cases, were rendered
unusable because the intense heat of the fire storm had warped
their steel girders. With positive proof of the effectiveness
of incendiary bombs against industrial targets, American comman-
ders began using more incendiaries, From July 1943, when only
250 tons of incendiaries of all types were dropped by the Eighth
A.F., the monthly expenditure rcse until the U.S. bombers were
regularly dropping over 5,000 tons of incendiaries each month

in 1944 and peaked at 7,726 tons in March 19&5.2

1"Interrogation of Albert Speer, former Reich Minister of
Armament and War Production, 18th July 1945," App. 37, Vol. &,
Strategic Air Offengive.

2CG, 8th Bomber Command, to CG, 8th A.F., & Aug 1943, Subj:
Incendiary Bomb Requirements, 51%.8671-7 (vol. 1), AFSHC. Gen,
Eaker wrote, "It is requested that all possible efforts be made

to expedite the supply of incendiaries as they are of vital impor-

tance and the shipment by the most expeditious means is request-
ed.” Monthly bomb tonnages are from an "Exposition of the Com-

pesition, Functions, and Activities of the Chemical Section, U.S,
Strategic Forces in Europe,” 16 June 1944, 519.505, AFSHC. Also
see Chemicals in Combat, p. 623. By the end of World War II, the

USAAF had dropped 97,006 tons cf incendiaries on European targets.

This was about 15% of the total bomb tonnage dropped by the USAAF
in the ETO.
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The increased interest in fire bombs at 8th A.F., was
recorded by the Chief of the CWS, Major General William N.
Porter, who later sald in a memorandum for recerd:
There was a great deal of prejudice at the
start against incendiariea, largely because GCrdnance
efficers in England were opposed to their use. They
were finally 'sold' to AF largely because Jerry
Kellogg finally persuaded Curtis LeMay to try them....
at last, when their effectiveness was apparent after
GOMORRAH, 8th AAF began to scream for incendiaries,
the situation wa? reversed, and CW3 was hard put to
meet the demand.
In order to meet the increased requirement for improved incen-
diaries, the CWS would turn to the talented civilian scientists
of the NDRC and, with the expenditure of large sums of meney
succeed in providing the airmen with effective fire bombs. The
research and development effort of 1943-1945 wag to demonstrate

the strength and flexibility of American industry and academe.

fesearch and Development: A Catch-up Game

For more than a year prior to¢ the British demonstration at
Hemburg, the Technical Division of the CWS had been working
very closely with Division 11 of the NDRC on a variety of
projects aimed at producing better incendiary bombs. Those men
working to develop a satisfactory means of thickening gasoline
for bomb fillings had been successful with the production of
Napalm, a mixture that was being used in the 100-1b M74 by early
1943, Other scientists were searching for ways of making the
thermite-filled magnesium bomb, the M50, more reliable, The

increase in Army Air Porce interest prompted the CWS Chief to

Maj, Gen. W.N. Porter to Dr. Paul Pritchard, Hiss. 0ff.,
HQ, CWS, 28 March 1945, Subj: Incendiaries Opposed by Bth Air
Force, File 425, #228,01, HO-EA.
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transfer more technicians to the bomb projects in the spring

of 1943 and to solicit ideas from his staff and the NDRC on
ways to test the incendiary bombs more thoroughly before
shipping them overseas. General Porter was very anxious to
provide the airmen with dependable incendiary munitions. A
"bad press” was damaging to reputations and none of General
Porter's CWS staff wanted the Ordnance Department to be able to
say, "I teld you so."1
On 12 May 1943, Genheral Porter announced that funds had
been allocated for the construction of several test sites for
incendiary bombs. His concept was basically simple. If one
wished to evaluate an incendiary bomb‘s performance against
German buildings without having to go to Germany the thing to do
would be to construct a "German” town in the United States.
Thanks to a greatly increased research and development budget,
the CWS was golng to do just that. In June i943 work would
begin on model German and Japanese towns at Eglin Field in
Florida; at Dugway Proving Ground, Utah; and at Edgewood
Arsenal. To insure that the German structures truly represented
the types of buildings being attacked in Germany, General Porter
secured the gervices of three eminent architects to design the
target structures. Eric Mendelsohn, Joseph Heufeld, and Joachim
Wachesmann, all Jewish refugees, had each owned architectural

firms in Germany before fleeing the Nazi regime.2

1"Report of the Activities of the Technical Division in
World War II," Office of the Chief, CWS (Wash., D.C.: Army Ser-
vice Forces, 1 Jan 1946), pp. 120-12%,

2Ibid.. pp. 98-102. See also Baldwin interviews, “"Develop-
ment of Incendiary Bombs,™ pp. 6-8,
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The effort tnat went into the construction of the meock
towns was enormous, At Dugway. for example, buildings designed
by the architects covered a five square mile area, Constructed
of brick, wood, and tile at an estimated cost of $575,000, the
German gtructures were authentic even in their furnishings. Heavy
German furniture, bedspreads, rugs, and draperies were ingtalled.
The attics were insulated and all debris was removed that might
feed a fire {intelligence reports indicated that this type of
house cleaning had recently been ordered in Germany!). An Army
Air Foree observer said this about the German-style buildings
at Dugway Proving Ground:

To describe the target as a series of ‘'typical®
eneny structures would be a gross understatement and

an injustice to the talent which was employed in

making these buildings as truly authentic as humanly

pogsible down to the last detail. They were *typical’

even insafar as the curtains, children's toya, and
clothing hanging in closets were concerned. Nothing

was overlocked. Those houses represent the type in

which B0% of the industrial population of Germany is

housged, !

The titles of some of the test reports to come from the
various sites during late 1943 and 1944 provide some insight
into the thoroughness with which the CWS, now fully committed
to winning the war with incendiaries, was testing its various
incendiaries. As part of an overall test project supervised
by the NDRC, the following tests were conducted:

EWT-3b "Incendiary effect of W47 bombs and U.5.

500-1b General Purpose (GP} bombs on
Eurcopean industrial buildings”

1Baldwin. "Development of Incendiary Bombs," p. 7.
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EWT-3c “"Spread of fire within single-story European
P 1 :
industrial divigions, mixed HE and incen-
diary attack."

EWT-3d "Spread of fire within multi-story fire
divisions in mixed HE-IB attacks.”

As the titles indlcate, the CWS/NDRC team had constructed not
only test dwellinga, but model factories, shopas, and businesses.
In order to determine how much damage could be done by fire, the
scientists devised the control measure known as a "fire division.”
A fire division might vary from target to target, as it depended
upon the floor space, contents, and construction of a target
structure. A division was that portion of the structure in
which maximum destruction could be expected from unchecked fires.
The sum demage to a target would then be the aggregate of the
damage to all of the fire divisions in the target. With this
simple concept in hand, the scientists and Army Air Force bombing
staffs could estimate the number of incendiary bombs needed to
attack a factory, a town, or a city.1

This agpect of incendiary research could not have taken
place without the expenditure of large sums of money. Crews of
carpenters, steelworkers, and masons were hired to erect, equip,
and repair or replace buildings es the tests went on. Fortunate-
ly for the CWS and the Army Air Force, an aroused wartime
Congress insured that gufficient funds were available for this,

and many other, research projects. The remarkable increase

1"Effects of Weapons on Targets,” Vol. 3, 5 June 1545,
OSRD, NDRC Division 1l1. Fire divisions are explained in App. 10
and 34 of the "ANSCOL Course Material,” Armmy Air Porce Schocl of
Applied Tactics, Staff & Special Trng. Dept., Orlando, FL , 13
Nov.-2 Dec. 1944, File 425.03, HC-EA.
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in money made available to the CWS during the war is exemplified
by the jump in funds allocated for incendiary bomb procurement,
From a mere $302,000, in 1941, the CWS bomb budget increased
to $305,702,000 in 1944.1

Improvements in weapon design and épplication that can be
directly attributed to the field testing carried on in the
United States are numerous. Tests conducted in 1943 ghowed
that while the Napalm-filled M&9 bomb was by far the most
effective fire producer, it was unable to penetrate most types
of German roofing material, The M50 and M47 bombs were far
better for European targets. Improved fiitiings like thermate
were iested. Thermate increased the incendiary effect of the
M50 by providing an oxidizing agent to the thermite filling
of the original design. The improved MS0AZ bemb was thus pro-
duced. Many types of fuses and igniters for different bombs
were tested against a wide variety of targets. If the U.S.
cen be criticized for a lack of feresight in the incendiary
field before World War II, it must be admired for the energy

and ingenuity displayed by its soldiers, scientists, and

1See Chapter 12, entitled "More and More of Everything,"
in Brophy, Miles, and Cochrane, From Lab, te Field. Alsgc in
the same book, Chapter 15 deals exclusively with the procurement
of material and the massive conatruction coats of new research
and test facilities. The Secretary of War had provided the
Chief of the CWS with carte blanche for incendiary development
soon after Pearl Harbor when he wrote, "Take all measures
necessary to expedite so far as pessible the delivery of
incendiary bombe." Lab. to Field, p. 344,
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engineers in thelr attempts to play "catch-up ball" after
1961,

The improvements in bombs wculd have had far less impact
on the enemy had not the (WS also devised better methods of
delivering merial munitions to the target in response to demands
from the Air Force., Soon after the 8th A.F. began to employ
incendiaries, the problems of wasted space inside bombing air-
craft and bomb aimability surfaced. Ingenuity and hard work
by CWS officers and soldiers at air bases in England and in the
United States solved the first problem. The second shortcoming
of incendiary bombs, that of accuracy, would be attacked by
combined teams of Army and civilian engineers with great succees.
The CWS searched for solutions in both areas with considerable
zeal, for the technicians realized that an increase in the use
of incendiaries largely depended upon the success of their
efforts.

The problem of wasted space in the bomb-bays of the
standard B-17 and B-24 bombers in use by the 8th A.F. arose
after the first few missions were flown by air groups with
cargoes of M4? incendiary bombs, The bomb-bay of the B-17
bomber had been designed to hold twenty 500-1b H.E. bombs.
when twenty M47 incendiary bombs were loaded inte a B-17, the
overall payload of the bomber was reduced by more than eighty

percent, for although the exterior dimensions of the M47 was

1The best single source for a full treatment of the
cooperative efforts of the CWS, USAAF, and civilians in the
field of incendiary weapons is Fire Warfare, Vol. 3 of the
Summary Technical Report of Division 11, NDRC. The CWS "“Report
on the Activities of the Tech., Div.," is also good, as the
Technical Division worked constantly with the NDRC.
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identical to that of the 300-1b H.E. General Purpose (GP) b:mb.
its loaded weight was actually only 69 pounds.

This reduction in potential destructive power was
resented by air crews who rigked their lives to fly over
Germany. Obviously, some method would be needed to load more
incendiary bombs into each bomber. Since space within the B-17
bomb bay was a congtant, the solution seemed to rest in finding
a means of hanging more M47 bombe on each of the twenty pairs
of mounting shackles at the bomb "stations" within the bomb-
bay. Fearing an Air Force halt in the experimental bombing
missions with incendiaries, CWS Chemical Support Companies
attached to the 8th A.F. worked feverishly during the summer
of 1943 to devise m way of mounting more than one M47 at each
station.1

By October, their efforts bore fruit. Using metal cables
and a simple toggle device, ths CWS fabricated & workable, if
crude, method of pairing M47 bombs. The "piggy-back" arrangement
was applauded by alr commanders who could now double the
incendiary tonnage carried on each mission. In November 1944
a contract for the manufacture of M47 pairing straps was let
with a supplier in the United States and the double bomb method

was utilized for the remainder of the wa.r.2

1"Expoaition...8th A.F. Chem. Sect.," pp. 120-128., An
excellent source of information on the activities of the CWS units
attached to the USAAF in England is a manuecript for a proposed
article in a troop publication. See "Fire in Thousand Ton Lots:
The Eighth Alr Force Wrecks the Reich War Machine with Chemical
Warfare Service Incendiaries,” 8th A.F. Chem. Sect., @I April
194k, pp. 2-6, File 519.805, APSHC.

2Chemigals in Combat, pp. 620-621. When the "F" model of
the B-17 arrived in England late in 1944, 52 M47 bombs could be
loaded in the bomb-bay. The B-2& Liberator heavy bomber, alsc
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While CWS personnel overseas were grappling with the M47

problem, the CWS, NDRC, and industrial engineers were hard at
work on another project destined to enhance the accuracy of
the 4-1b incendiary, the M50. As early as 1941, the Ordnance
Department had produced devices for clustering the small incen-
diary bombs into a lightweight container that facilitated the
shipment of the bombs overseas, their loading aboard bombers,
and their release over the target. The early cluster held 58
of the small bombs. Designed to open after being released from
the bomber, the Ordnance cluster was unsatisfactory for several
reasons. Frequently, the cluster did not cpen at all, A4t other
times, it opened immediately after leaving the aircraft and
damaged other airplanes flyiné in the same formation. These
problems, in conjunction with a high dud rate of the bombs, had
caused the RAF to refuse their lend-lease shipments of clustered
M50s in early 1942 and threatened to halt 8th A.F., use of M50
incendiaries.

The CWS-led team working during most of 1943 succeeded
in preoducing a new model cluster designated the M17, which held
110 of the M50 incendiaries. Designed to open after being
blown apart by a small explosive charge, the clusters could be
adjusted to blow copen from sixty to hinety seconds after leaving
the aircraft bomb-bay. Supplies of the new M17 clusters began
arriving in England in October 1943 and contributed to an

improved accuracy rate for the M50 bombs, which were to become

used by the 8th A.F., could carry 48 Mi?s. See, CG, Bth A.F.
to CG, Bth Bomber Command, 10 March 19473, Subj: Use of Incen-
diary Bombs, with indorsements, 519.225-4, AFSHC.
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the mainstay of the 8th A,F. incendiary bombing ceampaigns of
1944 and 19451 ‘

With the development of incendiary bombs and clusters,
the CWS faced ancther problem related to incendiaries during
1943, As in other areas, the lack of prewar development of
incendiaries was to result in a dearth of experience in the
packaging and shipping of bombs from the United States to over-
seas areas. Incendiary bombs, particularly those in clusters,
proved to be especlally vulnerable to damage during shipment.
Attempte during 1943 to ship bombs in crates made of unseasoned
timber resulted in high failure rates of igniters when the bombs
thus transported were dropped on targets in Germany. Investi-
gation of the problem revealed that the high moisture content
in the green wood cases had corroded the delicate fuse mechanigm
of many bombs. Conseguently, a great deal of money was spent
trying to hurriedly develop a metal shipping container for
incendiaries,

No sooner had this problem been addressed than CWS perscn-
nel serving with the 8th A.F. began complaining about M47 bombs
that were arriving in England with defective Napalm filling.
Tests revealed that the paint used on the exterior of the M47
bomb wag causing an adverse chemical reaction during filling
cperations. The Napalm gel, reacting with the paint around the

filler plug in the bomb casing, was breaking dewn and returning

lsee Fire Warfare, Chapter 1, for a good discussion of
the problems encountered in developing efficient cluster homb
containers. The M17 cluster was improved several times after
its initial employment in late 19473,
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to its original components. The paint was changed, but not
until three shiploads of bombs were condemned as unfit for use.
Once agein, prewar unpreparedness had caused problema that
influenced wartime performance.1

Although civilian scientists and the CWS counterparts con-
tinued to improve incendiary bombe and related equipment threugh-
out the war, by early 1544 their efforts had provided the Army
Air Porce with the incendiaries needed te carry on the air offen-
sive in Europe and, later, in the Pacific. The consgiderable
progress made in the short period 1941-1944 was possible only
because the developers of incendiary bombs had access to almost
unlimited suppert in money, manpower, and materials. Had U.S.
experimentation with incendiary bombs continued after World War I,
the program during World War II would have been much less waste-

ful. One official Army historian addressed this problem, saying:

The reason that ao many [homb] models were
designed and then discarded somewhere along the
development line is that incendiary bembs, as a
meang of mass destruction were new in World War
11 and the necessary characteristics were not
well defined.

1See Fred B. Shaw, Jr., "Packing Incendiary Bomb Clusters:
A Container Problem,"” AFCJ 3 {(April 1950}: 20-21, for a readable
treatment of the serious preblems facing the developers of bomb
clusters and shipping containers.

210y, to Field, pp. 190,34%4. ©The rapid expansion of the
U.S5. incendiary bembing program put great stress on U,S. manufac-
turers as well as the military. A few examples of the lncreaged.
demands: In 1941, thers was only one producer of thermite, who
turned out about 50 tons per month. CW3 let a econtract with this
supplier feor 2,000 tons per month. By 19473, the International
Silver Co. was making 30,000 M50 bombs per day. This plant,
and others like it, was trying to meet the U.S./British demand
for magnesium bombs for 1943--52,570,284! See Chief, Industrial
Div., CWS to CG, Army Service Forces, 20 March 1943, Subjs
Magnesium Bomb Requirements April-August 1943, File 425.4, HC-EA.
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With the majority of the developmental probleme solved,

the CWS was able to shift into mass prodection of improved bembs
in early 1944, Stocks of these bombs wefe increased during the
spring of 1944 ag the heavy bombers of the Bth A.F, concen-
trated upon the mission of sealing off the whole of Normandy
from the rest cf France in preparation for the planned invasion
of the French coast. H.E. bombs were used almost exclusively

as the strategic bombers were pressed into service in an attempt
to demolisgh the rail lines, roads, and bridges that might serve
as reinforcement routes for the German defenders of the Channel
coast. Only after D-Day, 6 June 194k, did the heavy bombers of
the Bth Bomber Command resume a full schedule of raids against
German industrial targets. After Alllied troops were ashore in
France, .35, airmen found a new use for Napalm: the close
support of ground troops by fighter aircraft dropping fire

bombs,

Tactical Air Supports The Napalm Fire Bomb

The evolution of the fire bomb as a c¢lose air-support
weapon is a story of imagination and improvisation. as
recorded in the unit historiss and mission reperts of the Ninth
[tactical] Air Porce, fighter pilots of the 9th A.F. began the
practice of jJettisoning partially filled externmal fuel tanks
during missions over France prior tc D-Day. 1In order to avoid
landing at their home bases with the volatile aviation fuel
8till suspended from the fighter's wings or belly, thus risking
a fire should the tanks break loose on landing, the pilots
often tried to drop the tanks on enemy barracks, vehicles, or

artillery pesitions. The fuel which splashed from the ruptured
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60-10 1b AN-M74 incen-
diary bombs, or

60-6 1b AN-M69 incen-
diary bombs

Crogs Section

Fig. 4. Aimable cluster for M69 incendiary bombg (M19)
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B88-4 1b AN-M50 incen-
diary bombs

Cross Section

Fig. 5. M17? aimable cluster for M50 incendiary bombs
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Source: Both cluster devices shown in Jdapan: Incendiary
Attack Data (Wash., D.C.: asst. Chief of Air Staff, TIntell.
A-2, October 1943), Appendix 7, pp. 6-8, File L2g, 228.01,
HC-EA.

Fig. 7. Attaching a Napalm fire bomb to the belly
a 9th A.F. fighter. (U.5.A.F. photo)

Pig. 6. Loading M17 clusters of AN-M50 incendiary
bombe into a B-24 bomber. {U.5.A.P. photo}
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external pods (aften made of pressed paper) wag ignited by

firing tracer bullets into the area where the fuel had landed.
The resulting fire was usually quite spectacular and sometimes
did considerable damage to anything flammable in the immediate
vicinity. Thus, a practice begun primarily as a safety precau-
tion provided the germ of an idea for a new flame weapon.1
Noting the effectiveness of these improvised "bombs,"
fighter unit commandere suggested to CWS Colonel Hareld J. Baum
(Kellogg's succegsor at 8th A.F.) that expendable drop tanks might
be fitted with some gort of detonator that would ignite the fuel
upon impact. Tests conducted by fighter pilots and members of
Celonel Baum's gtaff during May 1944 demonstrated the potential
advantages of a fire bomb that could be dropped by a fighter
aircraft working in close coordination with ground trecope. With
a little practice, most of the pilots participating in the
tests could spread burning gasoline over & circular target 100
meters in diameter. Colonel Baum requested that the CWS send
a number of thermite hand grenadesz to England for use as
ignitera for the bombs. With a thermite grenade attached to
each end of the fuel tank, and a pressure-sensitive detonator
to explode the grenade, Baum's test pilots were able %o ignite

over eighty percent of the test bombs dropped.2

l'Fire, Blaze, and Belly Tank” File, HQ, Bth A.F., Main-
tenance and Technical Service, B20.8671E, AFSHC. Also, "Test
of Improvised Fuel 0il Incendiaries,” USAAF Board Project No,
(M-5) 172, 6 June 1944, 42B.01, HC-EA,

2001. H.J, Baum to CG, ETOUSA, with indorsements to Chief,
CWS, 16 July 1944, Subjs Justification for Certain Extra-
ordinary Requirements, 519.8671-7, AFSHC.
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The addition of a thickening agent like Napalm or the

British gel, Perspex, was a natural second step., The thickener
caused the jellied gascline tc stick to surfaces and to burn
more slowly, thereby making the blaze more damaging to humans or
flammable materiala. 41 though the fire bembs were never to
enjoy much success against "hard” targets like concrete emplace-
ments, tanks, or railroad stock, the success of the test bombs
against "soft" test targets (light vehicles, wooden structures,
and clothed dummies) was sufficient for Colonel Baum to contract
with a British firm for the production of fuel pods for fire
bombs pending the arrival of an increaged number of U.S, -made
external tanks.

The fire bombs, usually made from 75-, 1C0-, or 165-gallon
belly or wing tanks, saw an increasing amount of use ag the
Allied armies encountered stiff German opposition in the
bocage region inland from the Normandy invasion beaches. With

the Lufiwaffe abgent from the sky, U.5. fighter planes were

supplied te the ground commanders in large numbers and provided
timely support to the U.S. spearheads pushing into the Brittany
Peningula after the St. Lo breakout. American fighters equipped
with Napalm assisted ground troops assaulting the Siegfried

Line and tried {unsuccessfully) to burn out German defenders

in the heavily fortified city of Metz. Twin-tailed P-38 fighters
were emong the first aireraft which appeared cver the beleagured
town of Bastogne when the weather cleared on 23 December 1944
and inflicted numerocus casualties when they attacked German

convoys with fire bombs, The use of Napalm by the fighter
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aircraft of the 9th A.F. attracted a good bit of attention from

higher headquarters, and the airmen were directed to prepare a
summary of "lesscns learned" concerning the fire bomb.1

Colonel L.N. Tindall, Director of the 9th A.F. Research
Section, compiled a staff study in response to the request, The
study contains a wealth of information on the uge of fire
bombs. Tindall's report speaks to the problems inherent in
formulating tactical doctrine for new weapons. The questions
of when, where, and how to drop Napalm were answered only after
a year of trial-and-error employment, Reading through the
recorded instances in which fire bombs were used suceessfully
and those in which the bombs were wasted on inappropriate targets
or dropped in the wrong fashicn,one cam sense the lack of
clear-cut instructicns for those airmen charged with employing
the new weapon.2

Numerous repaorte from ground and air observers remark
upon the failure of Napalm when dropped on targets in damp
forests, or employed against enemy troops in heavily fortified

positiona. Fighter pilots of the 9th A.F. were generally

1"Final Report on Test of Fire Bomb with Thickened Fuel,"
USAAF Board Project No. (M-35) 225, 26 June 1944, 228,01, HC-EA.
Algo see Agst. Chief of Staff, A-3, to Research Division, 9th
A.F., 14 Sept 1944, Subj: Information on Effectivencss of
Thickened Gas Bomb-Current Operations, 168,7045-12, AFSHC.

2001. L.N. Tindall, Director of Research, 9th A.F., "Use
and Effectiveness of Napalm Fire Bomb," 471.06, USSTAF-ETO File,
AFSHC. Algo, The Effectiveness of Third Phase Tactical Air

Operations in the European Theater, USAAF Evaluation Board in
the ETO, August 1943, pp. 230-256, 314-318, 168,7045-52, AFSHC.

162
enthusiagtic about the new fire bombs, perhaps because of the
spectacular nature of the smoke and flame produced by a strike.
However, the impressive fireball often obscured the fact that
the bomd had not neutralized the target. Pilots dropping the
fire bombs were required to execute a rather shallow dive on
approaching the target. When enemy anti-aircraft fire was
Present, the pllot's aim was often thrown off in the midst of
his appreach with the resulting poor target effect. Also,
pilots sometimes employed fire bombs against targets that should
have been engaged with H.E, bombs. <Colonel J.L. Ryan of the
7th Armored Division commented upon one such instance:

The large force of Germans in the woods to our
direct front were attacked by four P-38'sg carrying
Napalm. These woods were wet with rain. The Napalm
geemed to have no effect whatscever, Even after
atafing the spot in the woods where the flam? pods
were dropped, no fire or smoke was obgerved.

On some occasions, however, Napalm drops were very
successful. When used against German light vehicles or troops
in relatively unprotected positions, Napalm bombs were superiocr
to H.E. and had a noticeable effect on German morale, A 29th
Infantry Division officer obgerved a Napalm strike by P-38
fighters against a German defensive position and reported:

Mortar pogitions were holding up American
advance on south side of Hill 1367....Thirteen
P-38's loaded with 2 x 165 [gallen] Napalm tanks
employed against position., Sixteen Napalm hits on
or near position. Position occupied with few
cagualties. Surgeon stated that a large number of

enemy were killed; their bodies practically disinte-
grated by heat and flame.

11inda11, p. 7.
Zrbid., p. 5.
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Tactical air suppert missions flown in France, at Bastogne,

and along the Slegfried Line taught the fliera that the best
tactic was to utilize & mix of H.E. and Hapalm bombs against
most targets. These legsons were applied as American troops
pushed into the heart of Germany, with U,3, Ffighter units
polishing their delivery techniques on columns of retreating
German troops. The equipment and tactics of close air support
with Napalm that evolved in Europe would find their way to the
far Pacifie, where tactical fighter units had a pressing need

for the fire bomb.

The Final Round in Eurcpe: Americans Bomb the Cities

As World War II drew to a close in Europe, the Army Air
Forces used more incendiaries than ever before. In August
1944 the Army Air Force Test Board at Eglin Field, Florida, had
concluded that, where there was any charce of starting a fire,
incendiary bombs would do more damage to enemy structures than
H.E. From January through March 1945, the heavy bombers of the
8th and 15th Air Forces regularly bombed the cities of Nuremburg,
Magdeburg, Darmstadt, and Berlin with neavy concentrations of
M50, M7, and the new large {500 1%} Napalm bomb, the M7%.
Albert Speer, upon being questioned after the end of the war,
compared the effect of incendiaries to H.E. bombs on Berlina

The diffe,ence between the effecte of high-explosive
and incendiary bomb attacks was to be seen in Berlin.,

Here the American Air Force carried out several attacks
on the centre of the city exclusively with H.E.....
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These did not have the effect of an incendiary attack
of comparable size. Fire was a more effective means
of destroying workers' dwellings than high explosives....
Responding to Rugelan requests for assistance during the
great Soviet offensive of 1945, the British/American Combined
Chiefs of Staff directed the RAF and USAAF to bomb major
cities in eastern Germany which lay within the Russian zone
of advance. Incendiaries played a large role in the Allied
attacks on the cities, many of which were crowded with refugees
fleeing the Russians. The flurry of concern that aroge after
the ancient cultural center of Dresden was firebombed on 14-15
February 1945 was countered by U.S. and British claims that,
while the large number of civilian deaths was unfortunate, the
City itself was a viable military target. The 8th A.F. commander,
General Eaker, offered a pragmatic rationale for the incendiary
attacks, saying:
I deeply regret that British and American bombers
kilied 135,000 people in the attack on Dresden, but I
remember who started the...war and I regret even meore
the loss of more than 5,000,000 Allied lives in the

necessary effort to completely defeat and utterly
destroy Nazism.

1Green. Thompson, and Roots, The Ordnance Department.:
Planning Munitions for War, p. 468. Speer remarks in Strategic

- Air Offensive, pp. 394-395. For more information on the Allied

air ofrensive against Germany, see the following reports of the
U.5. Strategic Bombing Survey: No, 64b, The Effects of Strate ic
Bombing on German Morale; No. 134b, Physical Demage Division
Report {ET0}; and No. 193, Fire Raids on German Citles, which
states, on page 136, "Flres started by iB's caused more damage

to the cities surveyed than HE's and damage to Hamburg, Kagsel,
Darmstadt, and Wuppertal was 70-80% due %o fire and only 20-30%
due to H.E."

2General Eaker's statement appears on page 8 of The Destruc-
tion of Dresden, by David J.C. Irving.

)
e =A% 11 ¥
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The apparent change in the American attitude toward

incendiary bombs and area bombing in general was significant.
The U.S. air commanders, realizing that German industry had been
decentralized in response to earlier bombing of factories, came
to look upon cities in much the same light as the British.
Large-scale area bombings carried out by U.S. aircraft during
the final atages of the war in Europe would presage by a few
months a massive boabing campaign conducted by American bombers
on the other side of the globe. Even as Berlin fell, the Army
Air Force was conducting a fire-bombing campaign that would help

to bring Japan to her knees.

CHAPTER ¥I

FLAME THROWERS IN THE PACIFIC:
1942-1945

During the dark days following the Pearl Harbor attack,
some U.S, troops stationed in the path of the Japanese offensive
found themselves the victimg of flame weapons. Ag General
MacArthur's weary troops retreated intc the hills of Bataan
Peninsula, Japanese troops employed flame throwers to burn out
lagt-diteh defensive positions menned by U.S. scldiers. Thus
the war in the Pacific would begin with the eneémy holding the
upper hand in flame warfars.

Colonel Stuart A. Hamilton, the Chemical Officer on
General MacArthur's staff in the Philippines sent two captured
Japanese portable flame throwers and a report of Japanase
flame tactics to Edgewcod. In higs February report, the GColonel
explained how the Japanese were using their weapons to good advan-
tage by destroying the heavy foliage that concealed American
and Philippine positions, then turning the flame on the ocut-
numbered defenders. In this and later communications, Hamilton
requested that flame throwers be provided for the Americans-l

After his release from a Japanese prison camp &t tha end

of the war, Hamilton submitted a full report of the activities

1Ha.milton, "Reports of CWS Activities USFIP," Sec. 2, p.
12. CWS technicians studied the captured flsme throwers and
later copied the ignition eystem for use with a U.S. flame
thrower.
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CHAPTER VII

TARGET: JAFAN
Incendiary Attacks in the Pacific

The greatest American use of aerial incendiaries came
during the final year of World War II in the Pacific Theater.
U,5., aviaters in tactical fighter squadrons and in long range
bomber units turned to fire bombs as a means of defeating
Japanese army units in the field and destroying the military
industry cof the Japanese homeland. As was so often the case
with U.5. flame weapons, the aerial incendiaries used in the
Facific were products of scientific testing in the United
States and experimentation in the combat zone.

The effectiveness of the incendiaries employed varied
because of targets, the bombing techniques used, and the skill
of aircrews involved. In the main, however, the incendiaries
proved most valuable when employed en masse by B-29 bombers
attacking Japanese cities, The clouds of fire bombs dropped
cn the Japanese home islanda wreaked havoc unequaled even by the
atom bombs dropped on Hireshima and Hagasaki.l

The awesome scenes of destruction that attended the

Ly olume 5 of the official USAAF history of World wWar II,
entitled, The Pacific: From MATTERHORN to Nagasaki, provides
the reader with anexcellent survey of the planning and execution
of the strategic air offensive against Japan.
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wholesale fire bambing of Japan in 1945 were prefaced by ai94
incendiary raid conducted almost three-years before. The first
U.s, incendiary bombs to fall upen Japan were dropped by planes
under the command of Lieutenant Colonel James H. Doolittle, 1In
an attempt to take some type of limited offensive action against
the Japanese during the grim days of early 1942, the small group
of B-25 beﬁbers led by Dcolittle struck at Tokyo, Kobe, Nagoya,
and Yokohama on 18 April 1942, Along with H.E. bombs, Doolittle's
force dropped clusters of M54 thermite incendiaries, The M5k,
a stop-gap fire bomb in a steel case, had been designed to
provide the U,S. and British air forces with a small incendiary
until the new M50 magnesium-cased bombs could be produced in
numbers. Although the damage done by this daring rald was
mainly psychological, the first U.S. fire bombing served as a
precursor of the mighty effort of 1945.1

The role of U.S. incendiary bombs in the Pacific was not
restricted to massive strategic bombing assaults upon Japanese
industry, Before U.S. heavy bombers began attacking Japan
proper, Army and Marine fighter planes were using large numbers
of fire bombs in tactical support of ground forcesg battling the
Japanese army throughout the broad reaches of the Pacific,
The experience gained by U.S. tactical air support units during

1944-1945 wae valuable and long lasting. Tactical concepts and

1
Ses Yolume 1 of the USAAF history, entitled Plans and

Early Operati , . - o Se=iid _anc
s lons, pp. 438-444) and From Lab, to Field, pp.
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flame weapons were developed that would be used by the U.S.

Air Force for the next thirty years in conflicts in Korea and

Vietnam.l

Fire Bombe in Tactical Support

Like thelr contemporaries in Europe, pilots in the South-
west and Central Pacific commands began experimenting with
jellied gasoline in drop tanks early in 1944. In Hawaii, Colonel
George F. Unmacht was instrumentml in the early testing of
expendable M4 75-gallon fuel tanks filled with Napalm angd
gagoline. Unmacht, the driving force in flame thrower develop-
ment in Hawaii, firmly believed that tactical aircraft could
neutralize enemy positions by burning them, as was already
being dome with flame throwers. He also maintained that the
job could be done more effectively by an aircraft carrying large

. 2
amounts of Napalm than by a man armed with a flame thrower.

IA typical "lessons learned” summary g?blisgﬁd to;ardhthe
e World War II is found in File 730.3085, AFSHC. ee Area
ngbogtudx Four: Philippine Islands, (HQ, 5th A.F.,_34th Statis-
tical Control Unit, Aug. 1945). Earle J. Townsend discusses the
ways in which incendiary bombing tactics in Werld waf IT were
employed during the Korean conflict in his article, "Hell BnTbs
Away,”™ AFCJ 4 (January 1951}: 8-11. Also see the Far East Air
Force report, Report on the Kore War, (Wash., D.C.: Dept. of
the Air Force, 1953), pp. BL-B7 Emimeographed)._ Found in File
K?720.04D, AFSHC. Coverage on the use of incendlayles'abounds.
Foer two factual accoun® of aerial incendiary use in Yietnam,
see the Joint Munitions Effectivene Manual, TH 61A1-3-2, (Wash.,
D.C.1 USAF, 1975}, PP, 5=-3 through 5-24, Also, see Moyers S.
Shore, II, The Battle for XKhe Sanh, {Wash., D.C.: GPC, 1969),
pp. l08-110, 129-133.

2Colonel Unmacht's staff prepared a full account of CWS
activity in Hawaii. Although mentioned in the last chapter, I
cite it again because of its importanpe to th1§ Foplc. See the
"History of Chemical Warfare in the M}ddle Pacific, 7 Decemper
1941-2 September 1945," (Chemical Office, HQ, Army Forces Middle
Pacific), (Mimeographed).
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Colonel Unmacht, like Colonel Kellogg in England, was

rart soldier, patt scientist, and part salesman., One of only
ninety-two Regular Army officers in the CWS at the time of the
Pearl Harbor attack, Unmacht had begun his long military career
by enlisting in the Iowa National Guard in 1903. He secured a
commission in the Corps of Engineers in 1912 and served overseas
with the new CWS in World War I. Throughout World War 1I, he
energetically directed the efforts of the young officers, most
of whom were reservists, that comprised his staff in Hawali.
The knowledgeable career officer and his talented reservists
and wartime volunteers formed a winning combination that con-
sistently applied lnnovative procedures in problem—solving.l

He was determined that the CWS would make a contribution to the
war effort despite the fact that its primary weapon, lethal gas,
was not being employed,

Not content to rely strictly on Army support, Unmacht
worked energetically with Navy and Marine air units based in
Hawaii when Army air units were not available to test the fuel
tank bombs and fuses that his staff was developing, The efforts
of Unmacht and his staff led to the early standardization of the

————

1Kleber and Birdsell, Chemicals in Combat, say on page
637 that altheugh Army CWS Reserves officers were often unfamiliar

with current Army doctrine at the outaet of World War II, they
very quickly caught up and earned high praise from most of the
senior CWS officers, especially those overseas. Historian Brooks
Kleber cites Kellogg and Unmacht as being two officers who were
not hebbled by narrow perceptions built up over long years of
service in the tiny peacetime CWS. Their flexibility in solving
problems extended to their relations with their wartime staffs,
which were both noted for getting the job done, often by circum-
venting established Procedures, Letter, Brooks E. Kleber to the
author, 27 September 1977, p. 3
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M4 Napalm bomb in April i944. The M4 bomb was simply a combina-
tion of the M4 external fuel pod equipped with a simple igniticn
mechanism. Despite its simplicity (or perhaps because of 1t),
the M4 proved to be a highly effective fire bomb that was favored
by Marine Corps and Navy p:i.].ots.l

The new fire bomb, made of pressed paper and readily
available to USAAF units throughout the Pacific, was authorized
for use by the 7th A.F. headquarters after tests showed that the
tank could be dropped with acceptable accuracy conh ehemy targets.
Having scored a success with the small bomb, the CWS team
continued development. With Air Force assistance, larger wing
tanks and bYelly pods were procured for test purposes., Some
tanks, mostly 100- and 165-gallon sizes, were fitted with aluminum
or plywood fins in an atiempt to improve the aercdynamic ¢harac-
teristics of the experimental bombs. One such tank, a 165-gallcn
wing pod manufactured for use by the Lockheed P-38 fighter, could
be given, ".,.complete flight stability by the attachment of
plywood fins,,,."2
The first combat test of tactical fire bombs in the

Pacific came when Marine and Army fighters dropped Md4 bombs
in support of the invasion of Tinian, in the Mariznas, on 2&-30
July 194k, The aviators enthusiastically reported that the

Napalm had been most successful against Japanese trenches,

14q, cws, Report of the Activities of the Technical Divi-
sion During World War II, pp. 109-110.

Zelist. of Chemical Warfare, Middle Pacific,” Vol. &,
Annex 11g, p. e.

198
foxholes, and when used to burn off denge vegetation concealing

hidden gun positions. In their after-action reports, the
aviators suggested an improved igniter and called for gz larger
fire bomb. Colonel Unmacht, after reading the reports, was
anxious to eubject the modified 165-gallon bomb to a ceombat
test, He was able to do so when a request arrived from the 5th
A.F. supporting General MacArthur's forces in the fall of 194#.1

The large tanks were first useq on 22 October 1944 by P-38g
of the 12th Fighter Squadron. The target of the attack was a
heavily defended Japanesa cil storage area lccated at Boela,
off the western tip of New Guinea, The U.5. ajircraft swept over
the Japanese defenses surrcunding a fuel oil tank farm at low
altitudes, dropping their 165-gallon fire bombs on trenches,
motor parks, and gun installations. The fire that blanketed the
enemy positions soon spread to fuel 0il tanks ruptured by explo~
sives, A masszive conflagration followed, wiping out Japanese fusl
supplies for the entire area.2

By the end of 1944, tactical fighter units in the Pacific
had become increasingly able to provide close air support with
fire bombs, similar to the type of support being given %o U,5,

ground forces fighting in the EP0, The Marine Corps, long a

1

CWS Theater of Operations Newsletter N
e r 0. 19, Incl
anm Cpoomb Operations," 3 Nov. 1944, File 228,01/13, Ho-nf. ong’
4 l;u}l-“iJISAGE;R Cperation, lask Force 52, pp. 86, 93, 94, and'Annex
e K e

' ’ 1 er Co d,

1986-31 July 194k, 318.11 (F1), arshc. o0t THRAFL 1 July

2.
History of the Chemical Section, HQ
. HQ, 5th A.F.,
1944-2 Sept. 1945, pp. 4-7, File 730,805, AFSIC. 13 June



199
leader in close air support for its ground forces, again put

alr-delivered Napalm to use during the assault on Iwo Jima in
February 1%45. Flights of Marine fighters, directed to their
targets by forward air controllers on the ground, dropped M4
bombs as well as larger 100-gallon belly bombs on the entrenched
Japanese. Although some problems with ignition were reported
because of the soft volcanic sand in Iwo (bombs Sometimes
buried into the sand without detonating), the overall reports on
fire bombs were good, A number of Marine Corps units cited the
bombs in their after-action reports, stating that the bombs
often caused Japanese troocpe to break from cover in an attempt
to evade the Napalm blaze, Once in the open, the running enemy
could be killed with small arms fire.l

The Army Air Porce borrowed freely from the Marine experi-
ence and showed an inventiveness of its own when, in March 1945,
C-47 cargo aircraft "bombed” Japanese positions near Manila with
55~gallon drume of Napalm-thickened gasoline. The large puddles
that spread from the burst drums were ignited by fighter planes
dropping ¥.L bombs. M9 Napalm bombe, designed for use by long
range bombers, were also put to good use by B-25 bombers attack-
ing the by-passed Japanese stronghold of Truk. The USAAF bombers
dropped their loads of M&9 bombs on storage sheds, repair
facilities, and barracks creating major fires that defied

Japanese fire fighting efforts.2

L4th Mar Div AAR, DETACHMENT Operation, Annex C, pp. 6-7,
RG 127, Jab 236L.07, N.4.

2"Hist. of Chemical Warfare, Middle Pacific,™ Vol, 4,
Annex 11g, pp. 2, 6=7,
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The largest tactical fire bombing attack of the Pacific

war took place in May 1945, The massive fire bombing cccurred
near the vital Ipo Dam in the hills north of Manila, General
MacArthur, fearing that retreating Japanese forces might destroy
the dam which provided recently liberated Manila with its
drinking water, ordered ground troops to seize the dam and the
surrounding area as soon as possible, Should the Japanese deny
water to the city, typhus, malaria, and a host of cther ills
were inevitable,

During the first two weeks of May 1945, the U.$, 138th and
43rd Infantry Divisions made little headway in a drive aimed at
clearing the rugged area around the dam of enemy troops, With
casualties mounting daily and attacks bogged down because of the
mountainous terrain and dense undergrowth, ground commanders
turned to the 5th A.F. for assistance. & Study of the Japanese-
held area suggested that a large-scale fire bomb attack might
Drove helpful, even if it only sgsucceeded in burning off the
luxuriant vegetation that concealed the dug-in enemy positions.
5th A.F. crews were assisted by the personnel of the Air Chemical
Section operating at recently retaken Clark Field in preparing
a number of Napalm bombs for the mission. By 15 May, the ground
perscnnel had made ready over 3,000 Napalm bombs ranging in size
from the . 75-gallon Mi up to the i65-gallon wing tank bomb.1

The bombing of Ipe Dam lasted from 16 to 18 May. Between

1"Napalm: Fire Bombs Turn Trick Against Holed Up Nips
in Luzon," Impact, 3 {August 1945): 49-53; alse, Colonel H.F,
Cunningham, Asst, Chief, Air Staff, A-2, "Tactical Use of Napalm
by the 5th Air Force, January-April 1545,* {Monograph), File
730.805, AFSHC.
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200 and 250 5th A.F, fighters took part in each day's strikes.

Selected enemy strong points were blanketed with Napalm bombs
dropped by the aircrarft which flew over the target area in
waves; four to eight airplanes abreast, The flights of planes
were directed to their targets by forward air controllers on the
ground and by others airborne in light spotter craft. After
several waves of fighters had passed over, dropped their Napalm
and departed, other aircraft arrived to bomb and strafe the
Japanese running wildly about the area in an attempt to flee
the flames burning large tracts of jungle, Followlng the three
days of flame attacks, the infantry again took up their advance.
The two divisions were able to mop up the area with only minimal
casualties, moving into positions formerly held by the Japanese
without difficulty. In the words of the 38th Division commander,
the Gls walked in "Standing wp." This gucceas at Ipo Dam led to
continued employment of Napalm by the 5th A.F. during ths
remaining battles in the Philippines. Napalm contributed to
U.5. success at Mariquina, the Bosboso River, and during the
agsault on the village of Santa Fe.1

The last major employment of tactical fire bombs in the
Pacific occurred as the 10th Army, composed of two amphibious
COrps, one Army, one Marine, assaulted the Japanese bastion of
Okinawa in the Ryukyus. During the period 19 April-i2 June 1945,
Army and Marine aircraft ¢arried out numerous low-level Napalm
attacks against the suicldal defenders of the large island

fortress. Often working in concert with ground troops employing

1MAI‘TEF.HORN to Nagasaki, p. 436; Lab. to Field, p. 183,

Fig. 12. P-38 fighters drop Napalm on Japahesge
near the Ipe Dam. {U.S. Army photo}

Fig. 13. OGround crewmen with 165-gallon wing pod bomb--
note tail fin. (V.S.A.F. photo)
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portable and tank-mcunted flame throwers, the planea swooped

low to release their fire bombs in an attempt to burn out enemy
iroops in caves and pillboxes. On Okinawa, deep caves were
successfully attacked by the expedient tactic of dropping Napalm
peds without igniters on enemy positions, giving the fuel a chance
te dribble into air shafts and gun ports, then setting the fuel
alight with a second strike of fire bombs. As in the past,
Napalm was iauded by ground commanders in their after-action
reports. With the conguest of Dkinawg completed commanders of
tactical fighter units conducted strenuous training with Napalm
bombs in anticipation of the scheduled invasion of the Japanese
home islands. Those islands and their populace were even then
reeling from the assault of U.S. strategic bombers armed with
incendiary bombs; incendiaries which were the product of the

inteneive efforts of American scientists . and engineers.1

Research gnd Development: Pay-off in the Pacific

While CWS and USAAF personnel were testing makeshift fire
bombs for tactical support use in the Pacific, teams of soldieés
and civilians continued to improve incendiary bombs at bases in
the continental United States. The work done by CWS and NDRGC
techniciane resulted in marked improvements in the incendiary
bombs and related equipment employed during the final assault

on Japan by strategic bombers, The continued effort by the CWS

ugist, of Chemical Warfare, Middle Pacific,” Vol. &4,
Annex 1lg, pp. 20-21.
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in the incendiary fleld was in response to the belated:

realization by the Army Air Force that incendiary muniticna
could materially enhance the bombling campaigns against Germany
and Japan,

By mid-1943, the USAAF Plans and Operations Staff, A-3,
had ecmpiled,a study entitled dapan: TIncendiary Attack Data.
Utilizing procedures sriginally employed by the RAF, the Air
Staff planners divided all major industrial areas of Japan into
a number of subordinate target zones, Based on prewar photos
and -current intelligence, the staff further divided the zones
into many fire divisions, Although the United States forces
weuld not be in a position to bomb the Japanese home islands
until air bases in China and in the Central Pacific were egtab-
lished, the long range study provided a basis for an increasge in
incendiary bomb procurement for 1944 and 1945.1

After recelving a copy of the USAAF study, the Requirements
Section of the CWS Combat Operations (Air) Staff ordered an
increase in the tempo aof incendiary bemb testing with the M69
Napalm bomb. As noted earlier, the M9 had been little uged
during B8th A.F., raids over Germany because of the bemb's low
rcof-penetrating ability. However, when employed in tests against
Japanesge-style structures, the 6.2-peund bomb did quite wall.
Prior to the U,S. attack upon Japan, this bomb was improved in
several ways. Thanks to research conducted in the United States,
bomber commahders overseas were provided, not only with a highly

destructive incendiary bomb, but with sound doctrine in the ferm

'Japan: Incendiery Attack Data (Wash., D.C.: HQ, USAAF,
October 1943}, Prepared by the Assistant Chief of air Staff for
Intelligence (A-2), this report highlighted the vulnerability to
fire that was 80 widespread in Japan. File 425, 228,01, HC-E4.




205
of instructions regarding the optimal means of empleying this

type of incendiary. Developmental work on the M69 and its
heavier (10-lb} counterpart, the M74, took place at mock Japan-
ese villages constructed at Eglin Field, Florida, Dugway Proving
Ground, Utan, and at Edgewood Arsenal, Maryland. Work began in
1942 and continued until the end of World War II,

The initial emphasis of the research and development teams
was toward providing the M6G with improved flight characteristics.
The first models of the small bomb, lacking any tall fins,
tended to tumble end-over-end as they fell through the air.
Early M69 bombs often failed tc explode because the detonator
was located in the nose ¢ap of the bamb. If the cyliidrical
bomb landed on ite side or tail there would be no ignition of
its filler, Thiﬁ Preblem had caused the RAF to refuse the M&9
when it was offered as lend-lease. The addition of small metal
tailfins seemed to enhance stability of the M69, but this ideas
was discarded because the space required by fins materially
reduced the number of bombs that could be packed in an M19
cluster. The stabilization problem was solved in 1943 when
cloth streamers were attached to the tail of the bomb. When the
bomb popped out of the M19 cluster, the streamer would deplay,
much like a parachute. As the bomb fell earthward, the stregmer
created encugh wind drag to keep the M69 in a nose-down attitude.
Detonation on impact was thus aseured and roof penetration was

optimized.l

'E.W. Hollingsworth, *Ihe Use of Thickened Gasoiine in
Warfare," AFCJ, hn%April 1951): 32; Report of the CWS Technical
Division, pp. $8-100; and Baldwin Interviews, "Developmant of
Incendiary bombs," pp. 8-10,
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The M69 was designed so that the detonator {igniter)

set off the main gellesd-gasoline filler when the bomb hit a nard
surface. As the filler ignited, burning Napalm gel shot out of
the tail of the bomb casing like the flame jet of a small flame
thrower, Early models of the bomb could expel a flame jet for
only about thirty meters, or until the stream hit an obstruction
like a wall., NDRC scientists, after conducting numerous tests
on nozzle design, were able to improve the M&5 so that, by the
time it was employed againgt Japanese buildings, each bomb could
expel a stream of flame for 60-100 meters with sufficient force
to penetrate lightly constructed buildings, Before the last
missions were flaown over Japan, the efforts of technicians in the
U.5. had resulted in the M59X, a Napalm bomb that not only shot
fire, but exploded as well, thus turning the casing of the bomb
into shrapnel that could digsrupt fire fighting efforts in the
target arsa.1

The 10-pound M74 incendiary bomb was an outgrowth of the
research already conducted on the M69, Using éssentially the
same bomb casing, CWS engineers were able to increase the amount
of incendlary filling carried in each bomb by eliminating the
cloth streamers from the bomb’s tail, The M?4 was provided with
an "all-ways™ fuse at each end so that it would ignite regardless
of whether it landed up, down, or sideways. M74 bombs began

reaching the Pacific just as the strategic bombing campaign

. 'See the NDRC's Fire Warfare, pp. 82-85; and E.H, Lewis,
Major, CW3S, "Tests of the M6OX Incendiary Bomb at Dugway Proving
Ground, Tooele, Utan, 19 September-10 November 1943," File
240,07617-2, AFSHC,
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against Japan began and by the end of that campaign were being

used as often as M69 bombs.l

Although small incendiary bombs in clusters would account
for most of the incendiary tonnage dropped on Japan, the USAAF
alse conducted experiments with improved versions ¢f the older
M4? Napalm bomb and the 500-pound M76 Napalm "blogk-burner,"
CWS officers attached to the 7th A.F. in Hawaii contrlbuted to
the improvements in larger Napalm bombs when they devised a new
toggling system that allowed ground crews to hang six of the
é9-pound M47s  from each bombing station im a B-29, These

large bombs were used by pathfinder aircraft to mark the boun-

daries of the target areas with large fires, and thay contributed

to the general blaze that ensued after the main body of bombers
dreopped small incendiaries in great numbers.2

While the record of the U,S. Army in the fieid of flame
weapons is generally a successful one, in some areas of incen-
diary development there was little succees. Worth noting in
this discuesion of research and development is the total failure
of the CWS to develop very small incendixy bombs and several
other somewhat esoteric flame weapons., That these weapons would
ever have enjoyed wide use is doubtful, but the fact that time

and money were invested during their development qualifies these

1Regort of the CWS Technical Division, pp. 100-101,

zAn excellent account of the employment of large Napalm
bombs by pathfinder aircraft is found in an unpublished thesis

by Joseph L. Laughlin, Colonel, USAF, "The Application and Effects

of Napalm,” presented at the Air Command snd Staff College, the
Air University, Maxwell AFB, AL, March 1948, pp., 38-45, The
M?5, tested and rejected by the USAAF in the ETC, was popular in
the Pacific, Over 38,000 were dropped on Japan,
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fruitless ideas for discussion here, If for no other reason

than to highlight the need for a well-reasoned, and continuing,
weapons development program during peacetime, the incendiary
leaf, the aircraft flame thrower, and the incendiary bat bomb
should be described,

As early as 1941, CWS tests were conducted with various
types of incendiary "leaves" which could be dropped over enemy
forests and grain fields. Carried to the target in a liquiq
gelution, the leaves would theoretically burst into flame when
they dried in the sunlight after fluttering down all over the
target area. In 1942, various types of cellulose leaves were
dropped on Federal forest lands in the western U.S. The experi-
ments repeatedly demonstrated the ineffectiveness of the weapons
devised. An estimated ninety percent of the leaves never ignited.
Those that did proved to be incapable of starting a major fire,
The incendiary leaf idea was scrapped after two years of work,

No more successful than incendiary leaves was an idea
that germinated in the Technical Division of the CWS during 1941,
In a rush to catch up with the Eurcpean natlons in the incen-
diary warfare field, the CWS Technical Division chiefr approved
the expenditure of research funds on a project to design a large
flame projector for an Army aircraft, The aircraft, probably a
medium bomber, would fly over enemy positions, then burn ernemy
troops with a large flame thrower mounted in ifs belly. Although
a far better means of delivering Napalm on enemy troops was
evolved in the Mapalm belly bomb, it was 1945 before the CWS
technielans working on the "seroflame™ project were finally

told to cancel any further experiments,
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Even more bizarre than the aeroflame concept was an

idea advanced by Dr. Louis F. Fieser, the developer of Napalm,
Intrigued by the proclivity of bats to seek roosting sitea in
dark spots (attics, cellars, barns), Dr. Fieser suggested, in
1943, that the CWS develop tiny incendiary time bombs that could
be attached to bats, The captive bats would then be flown in
long range bombers to areas aover Japan and relsased., In their
search for dark havens, the bats would carry their 1ittle fire
bombs into Japanese buildings. After a set time, the bombs
would ignite, thus starting many small fires in the highly
flammable Japanhese cities.

Members of the CWS Technlical Division and the NDRC Divi-
sion 11 were sufficiently impressed with the idea to authorize
the expenditure of funds for testing. On hearing of the plan,
incendiary weapons development personnel of the U.S, Navy asked ;
to be included in the project, For eighteen months, Mexican
ladorers trapped bats in the deep caverns near Carlsbad, New
Mexico, in order to provide test animals for the scientists, wheo
had developed tiny incendiary time bombs that were attached to
the bats with surgical clips. 1In spite of a number of failures
in test drops of bats from Army bombers, the program continued
until a number of bat bombs, blown out of the'target area by
high winds, burned down a theater, the officers club, and a

general’'s sedan at Carlsbad Army Air Field. With that, the

testing was halted by the Army. Although the Navy continued ;

to toy with the idea until almost ¥-J Day, the bat bomb joined

incendiary leaves and aeroflame in the "Not Adopted for
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Operational Use” file at Edgewood Arsenal, Maryland.1

Despite these time-consuming tangential ventures in the
R&D field, the CWS, NDEC, and USAAF enjoyed significant success
in developing the weapons needed to unleash a massive blow upon
Japan. With weapons and crews available to fly from hard-won
air bases on Pacifie islands, the scene was set for what proved
to be the last chapter of the war in the Pacific. By late 1944,

Japan faced the beginning of the end.

The Lgst Chapter:s Japan ig Burned

After the first B-29 ralid with fire bombs,
fear [among the Japanese] became so great that
workers began remaining at home merely because
they were afraid to be caught in war plante when
another raid might strike,

Swise Red Cross Official
Nagoya, Japan--1945

The strategic assault against Japan would be led by long
range aircraft striking at Japanese factories, as U.S. submarines
destroyed much of the raw material neaded to feed the factories
while it was still at sea, enroute to the home islands, To
insure that the Strateglic air assault would receive the attention
and support regquired, the Commanding General of the Army Air

Forces directed that a new strategic air foree be created. The

1From Lab. to Field, p. 163 and PP. 186-190 in a gsection
entitled "Incendiary Oddities." For a less than gracious account
of Dr.‘Fieser's bat bomb idea, see Seymour M. Hersh, Chemical and
Biological Warfare: America's Hidden Arse (New York: Bobba-
Merrill, 19 + PP. &2-63}, See, teo, James 5. Carson, CWS Tech.
Div. Memorandum Report 482, "Incendiary Bomb M2 {Leaf)," dated
17 December 1942, File 425, 228.01, HC-EA.

ZCiFed by John H, Munhall, "Were Japs Defeated by CWS
Incendiaries?" CCJ 1 (October 1946): 41,
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20th A.F., composed of the 20th and 21st Bomber Commands

[(B.C.5] was established on 1 March 1945 for the sole purpose

of orchestrating the all-out air offensive. Under the direction
of General Henry H. Arnold, who would act ag an "executive
agent” from his seat in USAAF headquarters, the 20th A.F. was
equipped with the new B-29 bomber and was to strike at Japan
from bases in China and on Pacific islands.

Long range plans called for the two bomber commands to
employ daylight precision bombing techniques that had been
practiced in Furope. .The 20th B.C., after staging through
India, began operating from bases in China early in 194k, While
the crews became accustomed %o the VLR (ver& long range) B-29,
the 20th B.C. conducted a number of shakedown cperations,
bombing targets in Formosa, Burma, and Malaya. Most missions
were flown with H.E. bombs, but there was some experimentation
with incendiaries. Colonel Curtis LeMay, the chief of staff
of the 20th B.C., urged the employment of incendiaries and
perscnally led several incendiary strikes over Formosa. By the
end of 1944, the other operational unit ¢f the 20th A,F., the
21st B.C., was flying missions from recently captured air fields

on Saipan, Tinian, and Gua.m.1

LMATTERMORN to Nagagaki, pp. 38-39; Chemicals in Combat,
PP. 624-627; and "Ine Giant Pays ita Way,™ from World War 11
in the Air: The Pacific {New York: Franklin Watts, 196ZJ, pp.
253-254, The 20th B.C. refitted in India after rhasing out of
China, then joined with the 21st B.C. in April and May 1945,
20th B.C. units flew missions over Japan, but primarily were
used to bomb Formosa and to provide bomber support for the
Okinawa landings.
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The island-based 21st B.C, was composed of three B-29

Wings: the 713rd, 312th, and 314th. The three wings were
Supported by a host of ground elenments, te include a CwS service
company, a unit which would work around the clock when the 21st
B.C. began incendiary raids against Japan. Brigadier Haywood
S. ("Possum®) Hansell commanded the great collection of airpower.
Hansell, a veteran of bomber eperations in the ETO and one of
General Arnold's most brilliant planners on the USAAF starr,
insisted that his bomber units follow Precision bombing proce-
dures so laboriously developed by the 8th A,F. during 1943-1944,
His devotion to strict formation flying and high-level daylight
bombing conformed to the view held by the majority of the bomber
commanders of the time, Hig determination to "make the system
work," while understandable, would brove to be his undoing.

Bombing missions conducted during November, December, and
early January were not very successful. Post-strike analysis
revealed that industrial targets bombed by the B-29s, which
flew in formation at altitudes up to 30,000 feet, were not being
destroyed. High winds and cloud cever over targets blew bombs
off course and denied bombardiers clear sightings of aiming
points, Formation flight creates a heavy drain on fuel and the
extended ranges over which the B-29s were operating took their
toll, as a number of aircraft were Jorced down in the ocean from
lack of fuel when returning from missions. Although the American
Press was reporting favorably on the B-2¢ campaign, staff members
of the USAAF headquarters knew better and began to urge a change
in bombing tactics and, perhaps, of commanders.

Convinced that Japan was especially vulnerable to fire

damage, members of Ceneral Arnold's staff urged Hansell to begin
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large-scale incendiary raids, Citing the work done during the

compilatiocn of the study, Japan: Incendiary Attack Data,
messages from Washington eased to suggest and began to direct
the use of incendiaries, at least on a trial basis, by December
1944. In response to these orders, Hansell staged several
incendiary raids, using M69 and M47 Napalm incendiaries.
Generally, results of these raids were not encouraging. Bombing
was conducted from high altitudes with the result that the Mig
clusters of incendiaries spilled their contents into turbulent
winds high above the designated target zones. The small bombs
blew off course and failed to ignite any major fires.

Hansell returned to precision bombing with H.E, in late
December. His targets for January were aircraft production
sites, assembly plants, and military installations, Determined
to prove his polnt, Hansell directed his wing commanders to
apply maximum effort toward striking their primary targets
for each mission., Except for an occasional mission, the results
continued to reap little success. Despite the many improve-
ments in bomb capacity, flight stability, and range embodied
in the B-29, the efforts of the 20th A.F. as a whole were not
pleasing to General Arnold. Especially galling was the failure
of the 21st B,c.l

1Telephone Conference, Brigadier General Lauris Norstad to
Brigadier General H.S,. Hansell, Subj: Conduct of incendiary raid
¥s. Nakajima plant, Musashiro, Japan, 11 November 1944, Trang-
seript in File 471.07P, AFSHC. For a breakdown of missions flown
see 20th A.F., "Summary of Bombing and Mining Miseicns, 24 Nov
191:6-30 June 1945, File 425, 228.01, HO-EA. Arnold's staff,
incoming to the conclusion that incendiaries should be employed
in large numbers, relied upen a report prepared by the Army Air
Forces Board dated 4 July 1944, =4 Study of Incendiary Bombs for
Employment by the Army Air Forces,” Froject (M5) 261, File k25,

,
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For General Hansell, as it has for many other commanders

throughout history, the lack of tangible proof of success meant
the end of the road. On 20 January 1945 he was relieved of
command, His replacement was a newly-minted brigadier from the
20th B.C. in China, Hansell's personal friend Curtis LeMay.1

Initially, LeMay continued to follow Hansell's policies
regarding daylight bombing; but the new commander also put his
staff to work in an attempt to analyze the failure of the bombing
campaign. After a series of modifications in the standard high
level techniques had failed to materially enhance the unit's
success, LeMay largely took matters into his awn hands., Dis-
pPlaying considerable fortitude, he scrapped all of the battle-
tested formulas for success and ahnounced a totally different
procedure for bombing Japan.

The new tactics which would Prove to be so successful
called for an end to fuel-consuming formation flying., Indivi-
dual aircraft would take off, fly to the target, bomb, and
return under lecse control. Instead of bombing during daylight
at 20,000 feet, the B-29s would go in at night, flying as low
as 5,000 feet. To increase the Lomb tonnage carried by each
plane, LeMay ordered the big bombers stripped of much of their
armor ahd nearly all the weapons mounted in turrets which

studded the B-29, The weight saved would be devated to

228.01, HC-EA. The report discussed the types of bombs for use
against different targets, determined the mix of H.E, and incen-
diaries tc optimize destruction, and even dlagrammed the best
formations for the bombers to use,

MATTERMORN to Nagasaki, pp. 563-565,
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increased bomb loads. Lastly, the overwhelming majority of the

bombs carried by the B-29s would be incendiaries: M69, Nib7,
and the large M76 "block burners."1

LeMay's decision to employ incendiaries came about as a
result of his past experience with incendiaries in the ETO and
in China, He realized that, unlike many of the large German
industrial targets, much of the Japanese industrial base had
been dispersed throughout a number of major cities, By 1944,
military equipment, weaponry, and a host of related items
needed by Japanese forces were being manufactured in small
shops located in residential areas., This system, so reminiscent
of 19th century European “cottage industry," was obviously
designed to disperse the operations of a eingle manufacturer
over a large area.

The Japanese system of fragmenting and dispersing their
war industry had worked well while the Americans were attempting
to bomk single sites from high altitudes with conventional
bomb techniques. However, if a Japanese city were subjected to
area bombing tactics with incendiaries, the small industrial
shops would become quite vulnerable. Although a fair percentage
of Japanese manufacturing was carried out in modern, fire-resis-
tant buildings, a great part of the overall output depended

upon the small “"feeder" stations, which were installed in flimsy

chemicals in Combat, pp. 627-628. See, too, T.P. Gahan,
Colonel, USAAF, "The Status of Incendiariee in the Army Air
Forces,"” unpublished thesis, the Air Univeraity, Maxwell AFH,
AL, March 1947, pp. 9-12.
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wood and paper shops identical to the surrounding residences,

Spurred by pressure from 20th A.F, headquarters in Waghington,
LeMay concluded that in order to neutralize enemy industry the
21lst B,C. would have to destroy the Japanese cities.1

During the first week of March 1945 small groups of 2ist
B.C. aircraft tested LeMay's concept against carefully selected
targets in Japan. The results, while not spectacular, were
encouraging. LeMay determined to give low-level incendiary
bombing a full-scale test,

The ?73rd and 314th Bomb Wings carried ocut the first large
incendiary raid against Japan, The target was Tokyo, Taking
off at sunset on 9 March 1945, the bomber force arrived over
Tokyo just after midnight. Flying between 6,000 and 7,000 feet,
the large, loose formations were not disturbed by Japanese
interceptor aircraft, which were taken by surprise. As the
train of B-29s passed over the southern portion of Tokyo, over
1,665 tons of bombs, ninety percent of them incendiaries, landed
among the flimsy dwellings and manufacturing sites below.2

The raging fires started by M6S bombs were fanned by winds
which reached speeds of more than 100 mph as the thousands of
flammable structures in each fire division began to explode into

flame, A general conflagration ensued that was similar to the

lThe industrial areas of all Japanese cities bombed by
B-29s were inapected and diagrammed in USSBS Report PQO, Effects

of Incendiary Bomb attacks on J =-A Report on Eight Citiesg
Wash,, D.C.1 GFPD, 1647], App. C.

2"The Glant Pays its Way," p, 254; MATTERHORN to Nagasaki,
pp. $28-6321 and 20th a,F,, "Summary of Bombing and Mining
Missions.™
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Feuerstlrm that had raged through Hamburg. The heat and wind, 218

The second large incendiary mission took Place when

combined with exploding munitions dropped by the bombers, defied
Nagoya was bombed on 11 March. In this fire raid, 1,790 tons

the ineffectual, if heroic, efforts of the Tokyo fire department.
of bombs were dropped and a great deal of smoke gave evidence

Some 15.8 square miles of buildings were burned to the ground. .
of fire below as the bombers roared over the target zone., When

The official CWS history describes in sanitized terms the i
post-sirike photos were taken, however, the staff of the 2ist

effect of the attack upon the inhabitants of the area:
B.C. on Guam could see that only 2.05 square miles had bean

Some people were able to escape through the wide

fire lanes, but many others were encircled by the destroyed. Unfortunately for the Americans, the widely disper-
flames and died of suffocation and burns. Those who i

fled to the canals faced death in_the scalding water sed bombing pattern ordered by LeMay had started many small
[which often boiled from the heat] or were crushed .

by the terrified mob which crowded in on top of them, fires, but these were toc dispersed to join and form a large
This raid alone caused the death of an estimated . .

83,793 people and almost 41,000 more recejved injuries. conflagration. In addition, few "appliance” fires had been

Over one million people leost their homes. .
started by M47 bombs. [Appliance fires were those of a magni-

Back at their island bases, members of the two bomb wings . i
tude calling for attention by firemen equipped with modern

pored over aerial photos taken after the raid in an effort to ;
mechanized equipment.] The 2ist B.C. staff decided that a tighter

analyze the damage and to decide whether different tactics . .
vembing pattern and more large incendiaries would be usad on the

might be called for in raids scheduled on other Japanese targets, . .
next target. As always with incendiaries, trial-and-error seemed

General LeMay directed that the bombs be spread over a larger ) .
to be the major means of developing tactical practice frem which

area and that aircraft formations be more dispersed for the . 1
doctrine grows,

next mission. His decision was based on the conclusion that
Osaka and Kobe were the next major cities to he bombed,

bombs had been wasted in the Tokyc strike when follow=-on flights i
en 13 and 15 March, with good results. ©On 1% March, the B-29s

dropped incendiaries into an area already burning. As LeMay's A
returned to Nagoya, destroying another 3.3 Square miles of

aviators readied themselves for the next mission, Japanese PO . .
buildings in an area adjacent to the first target struck on 11

English-language radio announcers attested to the effectiveness
March. The efforts of the 21st B.C. were buttressed by bombers

of the first strike on Tokyo by denouncing the U.S5, effort as

i R ) of the 20th B.C. in May 1945 when the B-295 were withdrawn from

"Slaughter bombing." .
China because of Supply problems and g surprisingly successful

lchemicale in Combat, p. 629 USSES, Report on Eight Cities, 1. .
Analysis of Incendiary Phase Operations against Japanese

PP. 67-68, 94-102, U
) rban Areas, 9-19 March 1945, " (HQ, 21st B.C.) (Mimeographed),
VATTERHORN to Nagasaki, p. 640. gglzrzéo.og (Voé: 7}, AFS};_C. With respect to the development of
0 agasakl c ne, incendiaries differed little from the host
employed during World War IT. ® M08t of weapons
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offensive by Japanese forces which captured several air bases

teing used by the 20th B.C, With the support of these additional
forces, LeMay conducted seventeen maximum-effort incendiary
raids (and many smaller raids} prior to the explosion of the
atomic bomb on 6 August 19%5. During the seventeen major ralds,
6,960 B-29 sorties were flown, carrying a total bomb tonnage of
41,592 tons. U.S. losses were low, For various reasons, 136
B-29s faiied to return to base after misaions, a figure which
constituted a loss rate of only 1.9 percent.>

The effects of the incendiary bombing upon Japan were
disastrous. Japanese officials reported that, in Tckyo alone,

87,538 persons had been killed and 60,079 wounded in raids that

occurred prior to 25 May 19%5. Statements by several highly Fig. 15. Incendiary clusters and fragmentation bombg in
placed Japanese officlals attest to the effectiveness of the the bomb bay of a B-2%. (U.S.A.F. phota)
mass incendiary bombs. Prince Koncye said, "Fundamentally, the
thing that brought avout the determination to make peace was
the prolonged fire bombing bty the B-—29s."2

As Japanese civilians mourned the loss of friends and
family in the gutted cities visited by the fire-bombing B-2¢s,
press releases in the Unlted States hailed the accomplishments

of LeMay's airmen. The tone of a2 Iime magazine article was

1*The Giant Pays," pp. 258-260; and 20th A.F., Special
Report on the Incendiary Attacks Against Japanese Urban Indus- °
trial Areas (Wash.,, D.C.1 GPQ, Dec, 1945, File 7 0.551, AFSHC.

2U.S. Army Forces, Pacific, Documents Submitted to the
Supreme Commander for the Allied Forces by th i

to Negotiate Surrender, (1945 Mimeographed), pp. k-5, Alsg,
Munhall, "Were Japs Defeated by CWS Incendiaries?* Py 41; and

MATTERHORN to Nagasaki, p. 756.

—

Fig, 1h, Loading M-19 aimable clusters on board a B-29
of the 2tst B.C. (U.5.4.F. phato)
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representative of a number of pieces dealing with the U.S.
fire bombing of Japan:

A dream came true last week for U.S., Army
aviators: they got a chance to loose avalanches
of fire bombs on Tokyo and Nagoya, and they proved
that, pr0perly1kindlad. Jap citles will burn like
autumn leaves,

The mood of the American public was anything but aympa-
thetic toward the Jjapanese. In the words of Samuel R. Shaw:

The ferocity of the Pacific fighting had
already persuaded many, if net most, Americans that
the most savage efforts were justified in order to
reduce the [U.S.] casualties when faced with the
fanatical conduct of the Japanese, What was known
by early 1945 of the treatment of American prisonsrs
and foreign noncembatants in the areas that had been
recaptured also acted t¢ dull any feeiings of 2
restraint that some [Americana] might have felt.

Immediately after the Japanese surrender, members of the
United States Strategic Bombing Survey staff began to analyze
the effects of the strategic bombing of Japan, With regard to
the overall effectiveness of the aerial offensive, the authorsg
of one Survey volume stated:

It is the Survey's opinion that certainly prior
to 31 December 1945, and in all probability prior to

1 November 1945, Japan would have surrendered even if

Russia had not entered the war, and evsn if no inva-
sion had been planned or contemplated,

1"Firebirds' Flight," Lime 45 (19 March 19435): 32, See
also, "Fire Bombs Over Japan," Chicago Sun, 15 May 1945, Sec. B,
P. 26, copy in Pile 425, 228,01, HC-EA

2Samuel R, Shaw, "Nonnuclear Attacks," pp. 83-102 in Vol, 3

of HERO study on effects of mass casualties.

ussBS, Japan's Strugsle to Fnd_ the War, Report P2 (Wash.,
D.C.: PO, 195802 B. 13,
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In light of the obvious effectiveness of the U.S, incen-

diary bombing of Japan, variocus historians have raised guestions
concerning the need for dropping two atom bombs on Japan, The
simple question, "Could the United States have defeated Japan
without the atom bomb?” has no simple answer. This gtudy will
make no attempt to address the many questions surrounding the
employment of atomic bombs, but will offer the following atate-
ment of Secretary of War Henry L. Stimson. When Stimson was
asked, shorily after the war, why the United States had used the
atom bomb instead of relying upon centinued incendiary bombing,
Stimson replied:
. Had the war continued until the projected inva-

Sion date of 1 November 1G45, additional fire raids

would have‘b?en more destructive of life and property

than the limited number of atomic raids which we could

have executed in the same time perioed.

The second great world conflict finally ended with the

signing of surrender terms on board the U.S.S, Missouri on 2

September 1945 as several hundred B-298 of the 21st B.C. droned
overhead in a mighty display of U.S. aerial strength. The
Americans ruled Japan, the waters around it, and the skies above
for the foreseeable future, The rcle of incendiary weapons had
steadily grown during the war with Japan, and near the end of
the struggle, incendiaries had wrought massive damage upon the
enemy. After beginning the flght against the Axis with only one
incendiary bomb in itsg arsenal, the M47, the United States

finished the war with the world's largest inventory of flame

1 .
As cited by Egbert F. Bullene, "Chemicals in Comb "
AFCT 5 (April 1952): 21, emeaty
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weapons. With peace came happiness, but also uncertainty about

the future of the American armed forces. What role would be
played by the victorious services? Would there ever be a need
for fire weapons in the atomic age? The answer to thege guestians

lay in the future.

CONCLUSION

The happy throngs that danced in New York's Times Square
when the final Japanese surrender was announced felt not only
unrestrained joy, but a naive confidence in the overwhelming
might of the U.5, armed forces. This perfectly natural reaction
to the success of American arms obscured for most of the cele—
brants the unpleasant memories of 1942, when an Allied victory
had not seemed assured, Few, if any, of the revelers were fully
aware of how much the armed forces owed to the prodigious
Performance of the American industrial and academic communities
during World War II. Without the contributions of the civilian
gector, the armed forces would never have overcone the prewar
unpreparedness that infected the United States, The dancing
might well have taken place in the streets of Berlin and Tokyo.

But, of course, there was to be no dancing in the con-
quered capitals and all over the United States, housenolds were
welcoming home returning servicemen who were anxious to forget
the war. So eager were the victors to put the war behind them
that a very real danger existed of forgetting the many p;oblems
extant before Pearl Harbor, By forgetting the problems and
failures, the United States was running the risk of repeating
them.

As those milltary staffs stiil operating in the shrunken

U.3. armed forces looked to the future during the late 1940's,

224
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the questions of what kind of weapons might be required in some
future conflict continually arose to bedevil those who must
base their assumptions about coming wars on information gleaned
during previous experience. In grappling with questions about
weapons and doctrine development, the staff officers of the post-
war Army and newly-created Air Force would have done well to
review the history of flame weapons. There, for them to see,
was a record of shoert-sightedness, financial restraints, lack of
doctrinal concepts, inter-service rivalries, and moral guestions
pertaining te the flame weapons eventually employed by the United
States during World War II.1

In reviewing the ghort history of U,S., flame weapons, the
researcher would find little to suggest that, prior to 1940, the
U.S. Army had ever seriously considered the use of flame weapens
despite the fact that such weapons had been introduced during
World War I. Although the Chemical Warfare Service had been
charged with develeping incendiary weapons as part of its charter
in 1920, the tiny CWS never did so until the eve of the U.s.
involvement in World War I, With the development of toxic
gasses as its primary mission, the CWS never initiated tests of
flame throwers or incendiary bombs because of financial con-

straints, the perception held by many CWS cofficers that the

1Despite the successa of U.3, incendiary weapons in World
War 11, financial constraints forced the U.S, Air Force and the
Naval Air Service to delete training with aerial incendiaries
from flight training and unit training in 1546, Only the Marine
Corps continued to train its pilets in Napalm attack technigues
during the period 1946-1650. See Theodore P, Gahan, Colcnel,
Chemical Corps, "The Status of Incendiaries in the Army Air
Forces,” unpublished thesis (Air University, Maxwell Field,
AL, i947).
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incendlary weapons were little more than "horror" devices, and

bzcause of the proclivities of the powerful first commander of
the CWS, General Friea. Looking further, one notes that ne
demand for flame weapons of any type was forthcoming from the
combat branches of the Army during peacetime, although the
chiefs of these branches must surely have known that European
armies continued to test and improve their flame weapons, Why
had not the desirabllity of at least g limited research and
development program been recognized?1

Herein lies the primary Tailing of -‘the U.3, Army in the
field of weapons and doctrine development prior ts World War 1I.,
Small, fragmented, financially strapped, the Army struggled to
pay its bllls and to keep old equipment functioning., 1In addition
to its financial woes, the Army sorely lacked an adeguate system
for ldentifying future requirements for weapons and the dectrine
needed to guide the employment of new weaponry. Dependent solely
upon the military attachés for informaticn regarding forelgn
developments in new weapons and ideas, the Army staff was not
adept at collating information from overseas, disgeminating this
intelligence to the Army at large, testing new concepts in con-
junction with the combat and gervice branches, or procuring new
equipment to support operational testing, Worrisome, too, was

the question of whether doctrine should be devised to enhance

. 1Leo P, Brophy, "Origins of the Chemical Corps," Military
Affairs 20 {Winter 1956): 217-226; also Green, Thomson, and

Roots, The 9rdnance Department: Planning Munitions for War,
pp. 256, 260,
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innovative tactical concepts, cor whether tactice ought to be
modified to exploit technologlical improvements in weapnns.1
These probl2mz were not solved pricr to World War II,
During the war, the dilemma was ameliorated by the application of
vast sume of money to the business of weapons development. To
a large extent, the Army could afford the luxury, during the
war years, of evading the painful task of careful analysis of
different weapons in order to select the best from among a few
test prototypes. Thanks to greatly swollen budgets, the Army
was able to buy large numbers of many different models of a
particular weapon, test them all, then discard as scrap those
whickh did not meet hastily conceived standards. The problem of
gelecting the weapons and doctrine needed for future conflicts
is still with us, of course, and the U.S. military findg itself
facing many of the constraints that were operative prior to
World War II. The need for retrospective consideration in this

field is obvious.2

1In Studying the procedures by which bureaucratic govern-
ments reach decisicns, this writer has found a model for decision-
making proposed by Graham T. Allison to be a most helpful study
guide. Using the U,S. response during the Cuban Missile Crisis
ag an example, Allison shows how "Rational Policy," "Organiza-
tional Process,” and "Bureaucratic Polities" all influence final
policy decisions, See Allison, "Conceptual Models and the Cuban

Missile Crisisg," American Political Science Review 63 {September

1969): 699-718,

2 number of historians of the CWS during wartime have
talked about the tendency to spend great sums of money in pro-
curement of new weapons in order to spead developmental testing.
See James P, Baxter, 111, Scientists Asainst Time (Bostont
Little, Brown, 1952); Lincoln R, Thiesmeyer and John E. Burchard,
Combat Scientists (Boston: Little, Brown, 1947): "Chemical Pro-
curement in the New England States,” CCJ 2 (October 1947) s 4B~
50; and Gilbert White, "Armor for the Flamethrower: Staff Gave
Us &0 Days," CWB 30 (August-September-Dctober 1644k) s 47,
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Although not as important to this study as the lack of a

System for analyzing future weapons requirements, the question
of moral aversion to flame weapons should be notfed. Although
the United States government did not ratify the Geneva Protocol
of 1925, which attempted to ocutlaw all those weapons which, if
used, would cauge unnecessary suffering to their victims, the
United States Ssupported the Protocol in Principle. Only when
the German army and air force began to use flame weapons after
September 1939 did the Engineers, Armored Force, and Air Sorps
express sericus interest in flame. Had the Germans not utilized
flame weapons, there is a chance that the Allies would have
resisted the impulse to initiate the use of flame, In that
case, flame, like peison g£as, would have remained a weapon
threatenad as a retaliatory measure. Only when the Germans
demonstrated the effectiveness of flame throwers and aerial
incendiaries did the members of the U,S, combat branches prepare
for flame warfare.1

5till, the true catalyst for the acceptance of flame
weapons by the United States was the Japanese employment of flame
against U.S; troaps fighting in defense of the Philippines,
Although there were a few scatisred protests over the yse of
flame throwers by American troops, the public seems to have
generally supported any measure that was capable of insuring

Success over the enemy (with the exception of toxic gas). For

1 B
Ludlden,_Incgndlarx Weapons, pp. 24, 72-73; Trooboff,
Law and R3520351b111t1 in Warfare:s The Vietnam Fxperience, D
247 and eapecially Frederic J. Brown, Chemical Warfare: A Study

in Resgtraints (Princeton. N.J.: Princeton Univ, Prees, 19 R
Pp. 51—92.
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those charged with waging the battles, especially those in the to 2cquaint combat troops with the potential value of such a

Facific, the type of moral aversion to flame that may have specialized type of weapon? These questions are worrisome to
prompted prewar soldiers to decry the use of ineendiaries had military men of today, who anticipate a short fuse on the next

largely disappeared by 1943, By the end of the war, troops had major international confrontation, Expecting the next war,

come to display a casual disregard for life that characterizes especially one which might erupt in Eurcpe, to be a "come as

the attitudes of those who have seen a great deal of vielent you are" affalr, the military wonders about the outcome since

death. One veteran of the bitter fighting on Okinawa responded the United States can no longer depend on its ocean barriers

to a question about troop attitudes regarding flame throwers by for a period in which to build up strength once war has broken

saying that when his soldiers had seen Japanese troops burning out.1

. . "
to death the usual comment was something like, Gee, lcok at The answers to the questions posed above may be found not

|- . : s
that 5.0.B. burn! Only after the war did some U.S. fighting men only in the shortcemings of the prewar Army, but in the fragmented

begin to question the employment of incendiary weapons. Most structure of the greatly enlarged Army that fought World War IT.

of the veterans interviewed for this study considered flame During that great conflict, the Chemical Warfare Service, one

weapons of all types to be necessary implements of modern war- ! part of the vast support force known as the Service of Supply

fare, especially those who had fought against often fanatical {later as ATmy Service Forces), was required to serve several

1
Japanese defenses. masters. CWS officers, especially those who served in overseas

Peacetime military planners of the Post-war Army might well areas, were expected to send reports of their activities to the

have wondered why it took the United States more than three years Chief of the CWS, These CWS officers also served on the staff

to field a variety of fairly effective fiame weapone after the ! of coverseas commanders as the resident chemical officer, and as

decision was made to develop such weapons. Why was it that the such were responsible to the combat co der. In order to

flame thrower and aerial incendiary found such widespread accep- ; requisition supplies, the CWS had o apply through Service of

tance in the Pacifi: theater, but only comparatively minor use Supply, CWS, and sometimes Ordnance Department channels,

by U.8. forces fighting in Eurcpe? Need it take almost four years

; 1

; Roger A, Beaumont and Martin Edmonds, eds.i War in the
1 R . : i Next Lecade (Lendon: Macmillan Press, Ltd., 1975).  See egpec-
VA 20I;terv1ews with Richard H. Jones, COL, USAR, Ft, Myer, i 12lly the essay by Roger Williams, "Science,. Technology, and
* ay 1975; William A, Campbell, MSGT, USKC, Quantico, Va, ! Future Warfare," pp., 157-179 The U.5. Army doctrine that
11 June 1675; and Wilson C, Turnage, COL, USMC {Ret.,), Kansas : H 3 b .

: < . " some future conflict of large proportions is Field Manual 100-5,
bomber pilot-turned poet James L. Dickey to write "The Fire i . . :

Bombing, " found in a collecticn of his works entitled Buckdancer's i;géFIEd simply Operations {Waghington, D.C.: U.S. Army, July
Chaoice (Middleton, Corn.: Wesleyan Univ, Press, 1964), pp. b

11-20.

City, M@, & December 1976, Post-war soul-searching prompted ‘ applies most directly to the weapons and tactics to be used in
]
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This study has commented before on the difficulty experi-

enced by CWS officers in their attempt to serve two or more
masters. Some individuals, thanks largely to their personal
zeal, were able to persuade their field commanders to devote
scarce combat assets to the business of tegsting CWS incendiary
weapons. However, the majority of CWS officers overseas found
1t difficult to evercome the prewar pre judices or ignorance of
commanders with regerd to flame weapons. One has only to read
the reports sent from various field commands by CWS officers to
sense the frustration felt by many of these technicians on battle
fronts around the world, The delay in flame employment can be
blamed in part, then, on defective organizational cohcepts that .
often cut acrosg service and branch bounda.ries.1

In addition te organizational deficiencies, the Army was
hametrung by its own doctrine, The devotion of thelArmy Air
Forces to high-level, pinpoint bombing with High Explosive bombs
serves admirably as an example. In spite of the demonstrated
effectiveness of Britiah incendiary bombing raids, only a few
commanders in the U.S. Bth A.F, were willing to devote bomb-bay
space to incendiary bombs prior to 1944, Determined to make
their previously conceived doctrins of high level bombing worlk,
the majority of U.S. heavy bomber commanders followed practices

egtablished prior to Pearl Harbor until finally convinced of

1A lucid and comprehensive discussion of the problems
encountered by CWS officers in overseas areas may be found in

Kleber and Birdsell, Chemicals in Combat, pp. 637-640, in the

chapter entitled "The CWS Overseas,"
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the destructiveness of the incendiary bombs availab].e.1

The Armored Force, like the USAAF, was opposed to flame
weapons on tanks because the flame weapons migh* reduce or
eliminate the tank's ability to engage other tanks. The history
of failure that attends CWS attempis to devise an efficient flame
thrower for tanks must be attributed in the main to the U,S,
tank forces. In the Pacific, the flame tank was a succesgs,

In Europe, cnly the British enjoyed the same type of success,
demonstrating, like the RAF, the value of their prewar interest
in flame weapons.2

Only in the Pacific, where U,.S. troops faced what most
regarded as a sub-human enemy, did the various branches of the
services overcome their differences and work together to promote
flame weapon development and employment. In Pacific battles,
the flame thrower wasg frequently regarded as the most valuable
weapon on the field, When, in the closing chapter of the Pacific
War, U.,S. bombers abandoned precision bombing in favor of large
scale attacks against Japanese Fopulation centers, incendia;y

bombs were employed with telling effect,

1Incendiary bombs were more destructive to most targets than
E.E. 1In 1944 the British RE/8 gtaff reported that, "Wher preperily
employed, incendiaries were more effective against German cities
and industrial targets than High Explosives,” Cited in NDRC,
migkwgﬂ;- Project AN-23 Report, June 1945,
P. 3%. The Strategic Bombing Survey also compared incendiary
bombs to H,E. The USSBS réported that even against fire resistant
structures, the M47 incendiary bomb was twlice as destructive as
the 500-1b H.E. General Purpose bomb. See USSBS Report No, 193,
Fire Raids on Germam Cities (Wash., D.C.: GPQ, 1947), p. 129,

2It should be noted here that the Soviet army also used
flame throwers tc good advantage. For a discussion of Soviet
flame warfare technigues, gee Alexei Kononenko, “"Attack on a
ggrg%fied Inhabited Point," Infantry Journal 51 (May-June 1944)
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The incendiary bombing of Japan was described by the
Japanese as "Slaughter Bombing." It was, in fact, just that.

By 1945, the belligerents Imd largely abandoned most of the
resgtraints that had previously served to limit destruction of
¢ivilian life and property in wartime. Trever N. Dupuy, in his
study of attacks against civilian populatiens, explains this
shift in attitude by saying:

Although at some time in the past legal, moral
ethical, or other considerations have inhibited bel-
ligerents from inflicting mass casualties upon civilian
populations, restraints which may have seemed strong
in peacetime have tended tc be less binding during a
war. This is particularly true when a war psychology
has been developad either through propaganda or the
frustration of a long war, or when the people of one
belligerent have come to looklupon its opponents as
beings of lesser human value,

It took several years of war for American soldiers and air-
men and the civilian populace they represented to regard their
enemies as "beings of lesser human value.” Once determined to
bring fire to the enemy population, however, the United States
did 850 with all the might inherent in its widely diversiried and
tremendously expanded military and industrial aystems. As noted
by one official historian of the CWS, incendiary weapons had
become, by the last year of the war, the most lmportant part of
the CWS arsenal.

More time, manpower, and money were expended on

flame throwers and allied developments than in amy other

field of chemicalawarfare wlth the single exception of
incendiary bombs.

j‘Tre\-rcpr N. Dupuy, ed., HEROQ Study, Vol. I, p. 65

2G'NS, Report on the Activities of the Technical Division
During World War II, p. 136.
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The United States ended the war with a great number of new and

improved incendiary weapons still in the Planning stages or
already in production. With the coming of Peace, production wag
halted and the weapons on hand were gtored for future use or
sold for scrap. Despite the demonstrated effectiveness of flame
weapons, the U,S. would make rio effort to improve the weapons
zlready developed until the Korean emergency created a need,
once again, for flame warfare,

At this point, ane might ask if the author equates
military success with the maintenance of a large stockpile of
incendiary weapons. Certainly, the answer is "No." For although
the United States employed flame weapons in Korea and Vietnam
with considerable success (despite increased criticism for the
indiscriminate use of incendiaries 3gainst civilian targets) and
continues to maintain stocks of various incendiary weapons,
fire warfare in and of itself provides ne guarantee of victory,
What should be clear to one studying the history of U.S. flame
weapons is the need to anticipate potential requirements for
weapons and tactics in future conflicts. As Giulio Douhet so
aptly observedrs

Yictory smiles upon those who anticipate
changes in the character of war, not upon those

who wait to adapt themselves after the changes
occur,1

1.. . i

Giulio Douret, Command of the Air, p. 15. For in i
on the role of flame weapons in Korea and $iet£am. seeltﬁgrgifion
lowing: Walter g, Hermes, Truce Tent d_Fighti Front: The
i ited States Army in the Korean War Wash,, D,C.,: GPO 13
which also mentions the Chinese claim that the U.S, was,using )
germ warfare; and Pat Meid and James P. Yingling, [USMC]
Operations in_West Korea (Wash., D.C,: GPO, 1572), See, too,

John Cookson and Judith Nottingham, A& Survey of Chemi
: ¢ emical and
Blologlcal Warfarg (Lordon: Shedd and Ward, 15897  Reofioas,
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In many ways, U.S, military planners are faced with the

same types of questicns regarding weaponry that bedeviled the
peacetime Army staff pricr to World War II. In order to under-
stand why the United States did not enter World War II properly
equipped with incendiaries, one needs to appreciate the kind of
"informed stargazing" required of military staffs. As one
scholar who has addressed the problem of weapons development in
peacetime puts it:
+«+the pace of develepment of any weapon during

the between-war years is chiefly determined by the

extent to which its mission or operational function

ig known and defined. When there is no effective

system for determining dectrine, the pace of develop-

ment is necessarily slow,l

The menace of all-out thermonuclear war, questions about
the basic morality and effectiveness of a neutron bembk, the
future rele of alrcraft carriers, missiles, and conventional '
land ferces, and the rapidly growing power of the emerging
states all provide serious questions for those charged with
weapens and deoctrine development. Faced by the probable
destruction of civilization as we know it in the event of ancther
world war, and awed by the immense historical account of man's i
destructiveness, we might conceivably forsake warfare as a means
of settling international arguments. General Douglas MacArthur's
prophecy may yet come true: "Sooner or later, if civilization

is to survive,...war must gu."z

Falk, ed., The_Vietnam War and International Law, 3 Vols.,
{Princeton, N.J.: Princeton Univ, Press, 1972): and "Assault on
Hill 075," Time 90 (1 Dec 1967): 27, Lest the reader feel that
all flame weapons were American, see "The Massacre at Dak Son,*

Time 90 (15 Dec 1967}: 32-34,

1I.B. Holley, ldeas and Weapons, p. vii,

2General nouglagogacArthur. cited by Theodore Ropp, War in

G
the Mecdern World, p.

236

Until that happy day dawns, the world remains armed.
Strategists regularly revise their estimates of the scale and
intensity of present and anticipat;d conflicts. Those in
positions of authority and trust must centinue to examine
history for examples like that provided by the story of U.§,
incendiary weapons. The incendiaries, and their trial by fire,
can serve to illuminate some of the pitfalls that inevitably
lie rhead, If this study contributes to understanding, its

purpcce will have been served; my goal will have been met.
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I. Special Aids to Research

The student interested in the development and employment
of incendiary weapons during World War II may wish to begin his
inquiry by lookling at generally available sources of information
on the subject. There is, unfortunately, no single geod bibliog-
raphy that deals exclugively with flame weapons utilized by the
United States armed forces. Lacking such a guide, the researcher
must depend upon published works that contain well-documented
footnotes and suitable bibliographic notes, A recommended
starting place would bte the three-volume history of the U,S.
Army Chemical Warfars Service during World War II. The books
are as follows:

Brophy, Leo P., and Fisher, George J.B, The Chemical Warfare

Servicer ANrganizi for War. Washington, D.C,: Govern-
ment Printing Office [GPO], 1957.

Deals primarily with the prewar organization of the
CWS and the tremendous chenges wrought in this small
technical branch by the entry of the USA into World War
IT, Tittle information about flame weapons per se, but
valuable for the picture it Pregsents of organizational
Problems of the CWS, :

Brophy, Leo P,; Miles, Wyndham D.; and Cochrane, Rexmond c.
Lhe Chemical Warfare Service: From Laboratory to Fieild,
Washingteon, D.C.: Government Printing Office, 1959,

Research and development of CWS weapons and material
provides the focus for this, the second volume. While
the testing of flame throwers and incendiary bombs by
the CWS and civilian scientists is thoroughly covered,
very little is said in explaining why the ¥,S, Army
neglected incendiary weapons prior to 1940,

Kleber, Brooks E., and Birdsell, Dale, The Chemical Warfare
Service: Chemicals in Combat. Washington, D.C.: Govern-
ment Printing O0ffice, 1G66.

The most important published socurce im thisg bibliog~
raphy. Chapters 14-17 deal exclusively with flame throwers
and aerial incendiaries in combat, but eritical insight
into the role of the CWS overseas is provided throughout
this very well-written and carefully annotated nistory.

If the researcher has time for only one book on the sub-
ject of U.s, incendiary weapons, this is the one he must
read.
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The official wartime histories of the U,S, Marine Corps
and the U,S, Army Air Forces contaln a good deal of information
about the use of flame weapons by their respective services,
but require an index search of each volume. "Incendiaries,"
"Flame Throwers," "Napalm," and "Weapons" are the most fruitful
index topics. Most major libraries will have these multi-volume
histories, Look to:

Historical Branch, HQ, USMC. History of U.S, Marine Corps O er-
ations in World War II, "5 Vols. Wash,, D.C.: GED, 1959.
These five volumes recount the operatlonal history
of the USMC from prlor tc Pearl Harbor te the period
following ¥-J Day. The enthusiastic response of Marines
to incendiaries and accounts of flame weapon empleoyment
are chronicled in each volume,

Craven, Wesley F., and Cate, James L,, eds. The Army Air Forces
in World War II. 5 ¥ols. Office of Air Force History.

Chicagot Univ., of Chicago Press, 1952,

Weapons development, the growth of a body of tactical
doctrine based on combat experience, and organizational
evolutlion are as important to this five-volume history
as gtrictly operational matters, Well footnoted and
served by a carefully constructed index for each volume.

A nicely orgsnized index may algo be found in the official
British history of the Rayal Air Porce during World War II., By
investigating the role that incendiaries played in the Allied
bomber offensive against Germany, the student may gain an appre-
ciation for the development, employment, and effecis of aerial
incendiaries, See:

Webster, [Sir] Charles K., and Frankland, Noble. The Strategic
Alr Offensive Against Germany, 1939-1945. 4 Vols,
London: H.M, Stationery Office, 1961,
Good indexes and a text remarkably free of Jjargon.
Yolume 4, "Appendices," has a number of documents of
German origin that speask to the effectivenegs of area
tombing in general, and to incendiary bombs in particular.

Several other sources of information that may be found
in the well-stocked library will shed some light on the past
history of fire in warfare and upon the modern concerns being
expressed over the morality of flame wespons, Suggested are
the Encyclopedia Brit ica. 1lth Edition. New Volume XXI.
S.v., "Fire Ships"” and "Creek Fire;" and Partington, J,R. A His-
tory of Greek Fire and Gunpowder. Cambridge, England: W. Heffer,
1960, See also, Napaim and Incendigry Weapons. Stockholmi
Stockholm International Peace Research Inst tute, 1972. (Also
published by the author, Lumsden, Malvern. Incendiar Weapons,
Cambridge, Mass.t M,I,T. Press, 1975.,) The researcher with
access to United Nations publications will find a helpful,
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though incomplete bibliography dealin i i i

1 » g with incendiary weapons
1ndAg¥ﬁx I% ol the Rewort to the Secretary Geperal: Ny lmp
an er_Incendiary Weapens and 411 As c i

Rew Yo —peend EYRR pects cf their Use,

X For those able to travel in purguit of information on
this topic, the archival collections listed in Section IT of
this blbliogrgphy (Primary Sources) will prove indispensable to

Among the many archival collections examined during the
s = Kl re -
tion of this dissertation, two stood out as being abSDIUEeIEara

essential to the Study. These two collections d i
attention here, sserve special

 Foremost in importance and wealth of material is the
veolumincus accu@ulation of correspondence, reports, monographs
and notes cpmplled by the authors of the three-volume history éf
the CWS durlpg World War II. Located at Edgewood Arsenal
Mazylgnd, this treasure trove or information was maintain:ad by
the Historian's Office, Chemical Warfare Center, until 1974
Upon the retirement of the Historian, Cr, Sherman Davis, the
files were placed in the custody of the U,S, Army Armaﬁent
Rgsegrch and Development Command, also located at Edgewood.
Within this mass of paper, two groups of files are mogt £ermane
to thg topic of flame weaons, File No, 314.7 on flame throwers
and File No, 228.1 on aerial incendiaries have been painstakingly
indexed and_sorted and remain virtually undisturbed,” Access to
the unclassified material which makes up the bulk of the Edge-
wood Arsenal collection may be obtained through application to
the U.S. Army Armament R&D Command, Edgewood Arsenal, Maryland,

Second only tc the Edgewocod files in im ort i .
exyenslv? collection of information concernin§ ae??gf ;gc:§§i-
aries maintained in the Archives of the Albert F. Simpscn Hig-
torlcgl Center at Maxwell Air Force Base, Alabama. Lacated in
the library of the air University, the Simpson Center has a
weglph of after-action reports, correspondence, test reports
Brltlsp and German intelligence summaries, and U,S. combat '
narratives., A trip to the Simpsen Center is time well spent
thanks in large part to the team of competent and helpful ’

archivists who are anxious to assist the re
] e
pooainys! . searcher in any way

Before concluding this section on "s ecial aids to r
1 would urge future students of this subjegt to make fugl Eg:arch,
of all the available finding aids in his local library bvefore
traveling te distant archival collections. Archival research
consumes time and money with surprising speed, Indexes to
periodicals, published works, and secondary sources can Provide
thg student with a s0lid base from which to venture into the
Primary source material, By following this deductive procedure
the researcher is better able to sift the wheat from the seduc—’

tively interesting ch 5
documents. & ehaff that abounds in every group of musty
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II. Primary Sources

A, Manuscript and Document Collections

1. George C., Marshall Research Foundation Archives,
Lexington, YA, Speech File.

This complilation of addresses given by General
Marshall contains an address to the American Legion
in Washingten, D,C., in which the Chief of Stalf
defended the use of flame weapons by American troops.

2. National Archives.

Records of the Army Air Forces, Record Group [RG] 16,
A subdivision of this group is the collection of
Records of Headquarters, Twentieth Air Force, which
contains reports and correspondence between Arnold's
Washington headquarters and the XX and XXI Bomber
Commands, the operational branches of XX Air Force.

Marine Corps Central Files, Records of the Commandant, USMC.
RG 127,

a This collec¢tion, subdivided into numerous "JOB"
numbers, containa information on Marine use of flame
throwers as well as copies of numercus CWS documents
Provided to the USMC during ww II.

Records of the War Department General and Special Staffs. RG 165.
Staff actions concerning flame throwerslare found
in the office records of G2, G3 and G4 Sections,

Records of the Chief, Chemical Warfare Service. RG 175,
This record greoup is arranged chronolegically from
1919 to 1947, Of special value is File No, 470,71
during the period 1940-1945, as it contains most of
the information in RG 175 about flame throwers.

Records of the Chiefs of Arms. RG 177. .
Pre-1942 correspondence, directives and studies
are found in this collection, which is subdivided into
the various branches, i.e.t Records of the Chief of
Engineers, or Chief of Infantry.

Records of the Office of Scientific Research and Development,
RG 2z27.

Created in June, 1941, as part of the Office for
Emergency Management, OSRD exercised jurisdiction over
numerous civilian-manned wartime agencies engaged in
sclentific research. Chief ameng them, and of primary
intereat to this study, was the NDRGC. BRecords of the
National Defense Research Committee are found here in
Record Group 227. See especially the records of
Division 11, NDRC, which worked on incendiary weapons
and fillers,
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Recnr?s of the Headguarters, Army Ground Forces, RG 337,
.Dgrlng WW II, the A5F contrelled troop units
training in the U.S. fopr overseas combat. Official

reports of flame thrower training conducted at various
Posts 18 to be found here,

Records of the U,S. Army Commands, 1942-. RG 338.
. Some records of flame thrower tests carried out
prior to 19?2 25 well as tests completed during war-
time at various U,S, Posts are filed in this Eroup.

Records of the Adjutant General's 0ffice, 1917-. &G 4o7,

This massive compilation cof orders, correspondence,
and programs contains quite m bit of correspondence
about flame weapons after 1940, Tt is difficult to
use this group unless the specific date and addressee
of a letter from the AG is Knewn. Correspondence from,
or going through, the AG is catalogued and filed by
date and addressee,

3. United States Army.

Center for Military History, Washington, D.C.
This outgrowth of the 0ffice of the Chief, Military
History has a large collection of World War II histor-
ical studies, anong which are historical monographs
completed by CWS historians scon after WW II.

Command and General Staff College. Manuscripts and Archives
Library. Ft. Leavenworth, KS.
Full collection of U.S, Army Technical and Field
Manuals of World War IT on microfilm, to include those
on flame weapons, Numerous unclassified reports on
flame weapons and combat narratives, as well as uynit
after-action reperts,

GCorps of Engineers, Engineer School Archives, Ft, Belvolr, YA,
. The archival collection of the Engineer School
Livrary contains nearly all of the flame thrower test

;ﬁpggts submitted by the Engineer Test Board during

War College, Carlisle Barracks, PA. MWilitary History Institute.
gforTerly U.5. Army Military History Research Collec-
ion).

These archives contain several obscure works on
flame warfare. 1In addition, the MHI has taken over
custodial responsibility for the histerical records
formerly located at the U.S, Army Chemical Center, Ft,
McClellan, AL, As ¥et uncatalogued, this body of
material can yield considerable amounts of information
after a diligent search.
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4, United States Marine Corps
Marine Corps Schools Library Archives, Quantico, VA,
This archival collection, although poorly organized,
contains numerous after-action reports, unit histories,

and test reports of the Marine Corps Equipment Board
for the period 1942-1945.

B. United States Government Publications

1. Chemical Warfare Service and Chemical Corps

Agentsg, Book II. of Course Material, Chemical Warfare School.
Edgewood Arsenal, MD: CWS Dept. of Technigue, 1925,
(Mimeographed).

Excellent source of information on World War I
incendiary bombs. Indicates a scholarly awareness of
incendiary materials at a time when the CWS had no
incendlary weapons in its inventory.

Finklestein, Lec. "Flame Throwers," Vol. 15 of "History of
Research and Development of the Chemical Warfare Service
in World War II." Edgewood Arsenal, MD: Chemical
Corps, 194%. (Mimeographed}.

This is an extremely informative study of the
activities of the Technical Division of the CWS, the
procurement activities of the CWS, and developmental
testing of flame apparatus.

Finklesteln, Leo and Gaul, Alfred E. *"Incendiarles," Vol. 18
of "History of Research and Development of the Chemical
Warfare Service ln World War II." Edgewood Arsenal,
MD: Chemical Corps, 1952. (Mimeographed).
A very important document to this study, Traces
the development and testing of all types of U.5,
incendiary bombs during World War II.

Index to Official Publicationg Pertaining to (‘hemical Wapfare.
Office of the Chief, CWS, Washington, D.C.: Government

Printing Office, 1934.

Ng publications listed in this Libliegraphy deal
with flame warfare. A fact that reveals much about
the CWS,

McKinney, Leonard L. ™“Mechanized Flame Thrower Operations in
World War IT." Chemical Corps Historical Study No, 5.
Edgewood Arsenal, MD: Chemical Corps, 1%51.
(Mimeographed)}.
Authoritative monograph about the American use of
tank-mounted flame projectors during World War II.
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McKinney, Leonard L. “Portable Flame Thrower Operations in d
World War II." Chemical Corps Historical Study No, 4
Edgewcod Arsenal, MD: Chemical Corps, 1958, )
(Mimeographed) .

. This study containg a great deal of information
gained from interviews with participaents of flame
thrower actions as well as numerous reproductions of
official documents.

Ocshner, Herman, "A History of German Chemical Warfare in
World War II."” Trans., by H. Haitman, Washington
D.C.: Chemical Corps, 1948. ’
This monograph contains a greatl deal of informati
. 1
concerning German flame weapons and the problems en
experienced with fuel after 1944,

Principles of Employment of Flame and Incendi ries. U.S. Army
Chemical Corps School, Ft. McClellan, AL+ Dept of
the Army, 1955,
Publighed as a “"Special Text," this manual contains
thelapproved Army doctrine for flame throwers developed
during World .War II and Korea.

Ray, Arthu; B. "Incendizries.” Chemical Warfare Service
onograph No., 43, Washington, D.C,: Cheni
Service, AEF, 1919, Lpal warfare
This monograph, written during and just after
World War I, reflected General Fries's Eiewa of flame
weapons, Only phosphorus was thought to be efficient,

Report of the Activities of the Technical Division During World
?Sr TI. Washington, D,0.: Chemical Warfare Service,
This valuable report compiled during and immediat
a-
ly after World War IT recounts the diverse activitigs
of the CWS Technical Division,

"Study Guige--Iniendiaries." CWS Pamphlet No. 3. Edgewood
rsenzal, MD:" Chemical Warfare School 4 i -
Arsonals. ol, 1542, (Mimeo
A self-instruction text that borrows heavily on

Britigh and German experience with incendiari
1535 o st laries from

2. National Defense Research Committee

Effects o Wea_on on T gts. National Defense Rasearch
Committee, Y¥ol. 3, Washington, D.C.s NDRC, 194L5,
_Repert of NDRC, Army, and Navy joint Project AN-23
entlt;ed "Studies of Combined HE-IR Attack on Precision
E?iggzs.“onge da:addemonstrates the increasing sophis-
on arge estructio ili
Gueire Wootd Wag i ction procedures utilized
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Ewell, R.H. "Theory and Tactics of Incendiary Bombing,"
Washington, D.C.: Government Printing Office,
October 1942,

Prepared by Division B of the OSRD, the report on
methods and desired results of incendiary bombing is
very aignifieant, It preceded by many months the
U.5. Army's ability to carry out an effective incen-
diary bombing program,

Fire Warfare. Vol., 3 of Summary Technjcal Report of'Divisign 11,
NDRE. Washington, D.C.s Govermment Printing Office,
19

This study provides a great deal of specific infor-
mation about research metheds, contracts, and manu-
facturing problems encountered by the CWS and NDRC
during World War II.

Standard 0il Development Company. Uge of Flame oh Japanese
erg, NDRC Contract OEMsv 390, Report PDN 170C0,
November 3, 1943.
Report of tests of different types of flame throwers
and fuels conducted at Pt. Belvoir, VA and Ft. Pierce,
FL.

3. Statutes at Large

National Defenge Act ended. Statutes at Large, Vol., 41
1520;.
Established the Chemical Warfare Service.

Annual Army Appropriations Act. Statutes at Large, Vol, %2
1¢ .
Provided funds for the CWS,

Militzry Establishment Appropriations Act. Statutes at Iarge,
¥ol, 5 1942),

Provided funds for the CWS3.

4, Strategic Bombing Surveys

Description of R.A.F. Bombipe, USSBS Report No. 4. Washington,
D.C,:+ QGovernment Printing Qffice, 1945.

RAF procedures and tactical techniques as well as
bombing results are dealt with in detail. This study
provides an interesting comparison of British and U,S.
bombing procedures.

Effects of Incendiary Bomb Attacks on Japan--A Report on Eight

Cities. USSHS Report P$0. Washington, D.C.1 Govern-
ment Printing Offlice, 1947,

This report contains a vast amount of data on
physical damage and loss of life in Tokyo, Nagoya.
Akashi, and five other Japanese cities that were fire
bombed.
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Effects of Strategic B mbing on German Mopale. USSBS Report
?ga??9. Washington, D.C.t Government Printing Office,
A survey conducted in Germany at the close of
Ww IT. This study outlines the common physical and
emotional trauma experienced by the inhabitants of
heavily bombed cities,

Fire Raids on German Cities., USSBS Report No. 193, Washington,

D.C.,: Government Printing Qffice, 1947,

An operational report which recounts the conduct
as well as the effeet of incendiary bomb campalgns in
Germany.

Japan's Struggle to End the War. USSBS Report P2, Washington, .

D.C.: Government Printing Office, 1947,

Interviews with Japanese leaders at the close of
the war revealed the tremendous damage dene to Japanese
morale by fire bombing.

Physical Damage Divisicn REeport (ET0). USSES Report 134b.

Waghington, D.C.1 Government Printing Office, 1947,
The vagt damage done by incendiary bombs to German
structures is recorded in this particular report.

Surmary Report: European War. USSBS, Washington, C.C.r 1943,

Best place to start in assessing the effects of
the Allied bomber offensive. Specific reports can be
checked later.

5. MWar Department, Department of the Army, and Department
of the Air Force.

Chemical Warfare Training Circul No, 72. Washington, D.C,:
War Department, December 1041,
The first effort to provide engineer troops with

a basic tactical doctrine for the portable flame
thrower.

Documents Submitted to the Supreme Commander for the Allied
Forces by the Japanese Miseion to Ne otiate Surrender,
GHQ, U.S. Army Forces, Pacific, 1943, iMimeographed’.
A translation of Japanese decuments presented to

Genera} MacArthur. Part I ligts all Japanese cities
suffering bomb damage in 1945,

"Enemy capabilitiss for Chemical Warfare." Special Series Ne.
16, Washington, D.C.: War Department, 1943,
This pamphlet outlines the chemical warfare equip-
ment eof Italy, Japan, and Germany.

"Enemy Tactica.in Chemical Warfare." Special Series No. 24,
Washington, D.C.1 War Department, 1944,
German flame thrower tactics as practiced in Bel-
gium, France, and Russia are reported in this pamphlet.
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Handbook on German Military Forces. TM-E 30-451, Washington,
D.C.: Government Printing Office, 1945,
Originally restricted mat?er, this manual con-
tains a great deal of information on German equipment.

i Chemical Warfare in the Middle Pacifle, 7 Decamber
Histor Oflgﬁl—E September 1945, HQ':l gis. Army Forces, Mid-
ic, 1 ' Mimeographed}. .
Pale;n'exZeflent chroﬁzlogical. and toplcal, account
of the actions of Chemical Warfare S?rche t;oops and
chemical weapons employed in the Pacific during World
War II. Somewhat critical of the efforts of HQ, CW3,
at Edgewood Arsenal, Maryland.

Joint Munitions Effectiveness Manugl, TH 61A1-3-2. Washington,

D.C.: U.S, Air Force, 1975, o

This is the standard unclassified reference manual
for munitions employed by the USA?. to include all
incendiary munitions in the USAF inventory.

The Law of Land Warfare. FM 27-10, Washington, D.C,: U.S.
Army, 1956,

Still the current Army manual that covers the laws
of land warfare. Discusses the restrict;ons on the
employment of mass-casualty weapong, to include flame
Wweapons.

pers N 00-5, Washington, D.C.: U,S5., Army, July, 1976.

Sreration FMCtl;lrregt U,s, Aﬁy doctrine, this manual_treaj:s
the anticipated problems of conflict ;n the immediate
future, Exhorts Army personnel to "win the first
battle” of the next war.

Operation of Engineer Field Units. Field Manual 5-135. Wash-
ington, D.C.: War Department, 1942, . .

Little specific information is provided in this

FM, It does point out that engineers may refer to TC

No. 72 regarding flame thrower doctrine.

Portable Flame Throwers, Mi and MiAl, Technlcal Manual 3-375.

Washington, D.C.1 War Department, 1943,

This first cemplete TM for the early flame
throwers also provided some information of flame
thrower tactics.

BPyrotechnics Menograph. American University Research Station.

Washington, D.C,: War Department, 1918.. . ]
: Aﬁtaccount of the work done at American University
of flame fuels during World War I,
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"Repert of the Surgeon General.” W De tment Annual Repo ts,

1320. Washington, D.C.: Government Printing Bffice,

1921. Volume I, pp. 343-1173,

Statisties submitted as a final report on

casualties and sickness among U.S, Army troops during

World War I. No index for the report but not difficuly

te locate information,

"Supply Action: Flame Thréwers, Portable," Supply Circular No,
204, Washington, D.C.: War Department, 1944,
This provided authority for subordinate commands
to delete the flame thrower from the Engineer TOE ang
to issue them to infantry units.

Tacticg of Chemical Warfare.u Field Manual i=3. Wwashington, D,C.
2.

war Depariment, 19
Section ¥I, entitled "Englneer Troops, " provides
basic guidance for using the M1 flame thrower,

The United States Army in the Worid War: Bulleting, NQ, AEP.
Washington, D.C.: Department of the Army, 1948,
This containg the AEF General Order No, § that
established the fererunner of the CW3, a "gas and flame'
regiment,

Ys8. Army Air Force School of Applied Tactics. Course Summary,
AAFSAT ANSCOL Course. USAAF, 1944, {Mimeographed). '
This course outllne clearly shows the increasing
role of incendiary munitiong in the USAAF by 1944,

See especially Appendices 10 and 3%,

Cv United Naticng Publications

Official Records of the General Assembly, Pwenty-Eighth Segsion,
Apnexes, “New York: U,R,, 1974,
The Annex covering meetings of 18 September-18
December 1973 and 16 September 1974 contains the report
of the Secretary General on Agenda Item 34, Thig item
dealt with disarmament in general and on napalm/incen-
diaries in particular,

Resolutions Adopted by the General Assembly during its Twenty-
Seventh Sessiop, 19 September-10 December 1972, U.N.
Supplement No, 30, 1973,

I'his resolution (A/8?30) concerns the response of
the General Assembly to the Secretary General's report

entitled "Napalm and Other Incendiary Weapons and A1)
Aspects of Their Possible Use,™

Napalm and Other Incendiary Weapons and All Aspects of Their
Pogsible Use, U.N, Publication No. E, 73.1.3, 1973,
A report prepared by direction of the Secretary
General. General review of modern flame weapons,
their use during World War II and since 1945, and infor-
mation regarding the texicology of flame weapons.,
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D. Newapapers

"A Mean Attack Implement of the English Air Gangster,” Berliner
Allgemaine (September 18, 1940} 2-3,
A translation forwarded to the G2, U,3, War
Department by the U,S. Naval Attaché, Berlin, provides
an interesting treatment of propaganda. Even as German
bombers dropped incendiaries on British cities, the
Germans criticized the British for responding in kind.

"American Jets Attack Suspected Mortar Site." Richmond News
Leader. 26 July 1966, P. 1, col. 6,7,8.
The role of aerial Napalm bembs in the Vietnam
War is illustrated by this article, which fills three
columns discussing massive U.S, reaction to a suspected
¥C firing position near Saigon.

"Fire Bombs Cver gapan." Chicgge Sun. 15 May 1945, P, 12,
col, 1-6,
One page devoted to illustrated article covering
the incendiary bombing of Japan then in progress.

"Marines Burned Japs." MWashinsion Post. 2 Dec 1943, P. 1,
col, 5.
Sensationalist report on Tarawa battle.

New York Times. 22 Nov., 1943, p. 62, col. 1,2,5: 24 Nov, 1943,
p. 20, col. 3; and 28 Nov. 1943, p, %, col. 6.
Articles concerned with fighting on Tarawa and
Makin Island.

E. Bocks

Banks, Donald. Flame Over Britain. London: Samson, Low,
Marston and Co., 1947,

Author was deeply involved in programs of the
British Petroleum Warfare Branch during ww II. First-
hand account of the development of British flame
weagpong, but no footnotes,

Development of International Legal Limitationsg on the Use of
Chemical and Biological Weapone. 2 vole. Washington,
D.C.s 968.

Authoritative study prepared for the U,3. Arms
Control and Disarmament Commlssion by the students and,
faculty of the Southern Methodist University Law School,
Dallas, Texas,

Fieser, Louls F, The Scientific Method. New York: Reinhold
Publishing Co,, 1964,

The highly intelligent, somewhat eccentric dis-
coverer of Napalm tells of his work as a member of
the NDRC during WW II.
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Foulkes, Charles H. Gas! The Story of the Special Brigade,
London: Wm. Blackwood & Sons, 193L,
Excellent account of British chemical warfare

activities in France by the former commander of the
Special Brigade.

Fries, Amcs A., and West, Clarence J. Chemical Warfare. New
York: McGraw-Hill, 1921,

Unofficial history of the AEF CWS by its first
commander, Severely criticlzes the early flame
throwers and reflects his official position as Chief
of the peacetime CWS, Suffers from the lack of a
bibliography and annotation.

Harris, Arthur. Bomber Gffensive. New York: Macmillan, 1947,
The former commander of the RAF Bomber Command
outlines his rationale behind large-scale incendiary
attacks upen German cities in this beok. Interesting
comments on the "Ethics of Bombing" in Chapter B.

Incendiary Attack of German Citjes. London: British air
Ministry, Tanuary 1943,

Prepared by the Department of Bambing Operations,
this lengthy report lays out, in detail, the procedures
to be followed six months later during the incendiary
attack on Hamburg.

Paszek, Lawrence J. United States Air Force Historyr A Guide
to Documentary Sources. washington, D.C.t: Government
Printing Office, 1973.
Important guide to various collections of records.
Three ssctions: USAF Depositories, National Archives,
Private Holdings.

thomas, Ann V.W. and Thomas, A.J., Jr. Legal Limits on the Use

of Chemical and Biological Weapons. Dallas, Texast
SMU Press, 1970. N

Discusses the present status of international law
ag it relates to chemical and biological warfare,

F. Articles

"Assault on Hill 875," Time 90 {1 Dec 1%67): 27.

Reporting on the assault of U.S. paratroopers
against North Vietnamese, this article comments upon
the uge of flame throwers in an unsuccessful attempt
to burn out Communist positions.

Bers, Julian E. “"How to Fight with Flame-throwers." Chemical
Wgrfare Bulle' , 29 (January 1943): 62-67,-
An article which appeared early in WW II, it was
filled with generalities, but correctly criticized the
inadequate training given to flame thrower operators.,
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Bostick, Orbie. "21 Months in the South Pacifie," Chemical

Warfare Bulletin 30 (Dec. 43-Jan. #%4): 5.

This first-hand account of a CWS officer just
returned from the combat zone made a strong plea for
the organization of special flame thrower assault
teams.

"Chemical Warfare Service Opposed to Frightfulness" Chemical
Warfare 8 (January 15, 1922): 19.
This short article chides the Literary Digest of
Dec, 24, 1921, for implying that the CWS advocated
"frightfulness" in war.

Gahan, Theodore P, "The Status of Incendiaries in the Army
Alr Forces." Unpublished thesis, Air University,
Maxwell Field, AL, 1947, .
Author strongly critical of peacetime neglect of
incendiary bombs in the years following World War II.

Gilman, Edgar D. "Chemical Warfare--A Lecture Delivered to the
ROTC, University of Cinecinnati,” Chemical Warfare 8
(July 15, 1922): 13-15, -
Reprinted remarks of an Engineer Reserve officer
highly critical of flame throwers used in World War I,
Conformed to the opinion held by BG Fries, Chief of CWS,

Greene, L. Wilson. "Prewar Incendiary Bomb Development." GCCJ
I1 (October 1947): 25-30,

Most helpful. One of the few sources that sheds
any light on the amateurish and insufficiently funded
attempts made by CWS personnel at Edgewcecd Arseral to
develop prototype incendiary bombe during the late
1930's.

"Japan: The Recent Big Strikes." Impact 3 {April 1945): 14-24,
This article covers, with excellent photos, the
incendiary raids on Tokyo, MNagoya., and several small
cities.

Laughlin, Jeseph C. "The Application and Effects of Napalm,"
Unipublished thesis, Air University, Maxwell Air Force
Bage, AL, 1948,

The continued development of incendiaries (or
lack of it) is the central topic of this research
paper. Slignificant because it shows how severely Air
Force funds had been cut gince the end of WW II,

Morschauser, John III., "Blowtorch Battalion." Armer (March-
April 1960): 30-33. D—
Interesting account of the training and combat
employment of the ?13th Armored Flame Thrower Bn. The
author was a member of the unit during all phases of
its operations in the Pacific,
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“Napalm: Firs Bombs Turn Trick agai i i
ainst Holed-Up Nips L '
Impact III (August 1945} k9-53, P pa in fuzon
Excellent account of tactical fire bombs used

against Japanese defense in the I D
Philippines. be Dam area of Luzon,

Olds, Jamegs F "Early Bougainville Ex i " i
' : periments, Chemical
Warfare Bulletin 730 (Aug, -Sept.-Cct. 19447, 7-9.
What the author lacked as a stylist, he made up

fer in pertinent information as a CWs i
Southwest Pacirfic, efficer in the

" guior,"FLowers Front and Cemter.” Chemical Wapfare
Bulietin {CWB] 30 (June-July 1944): 58 al Warfare

O0lde wrote this article Just after n
. ¥ e ret
to th United Statgs from a two-year stint in EEZEd
g?ctiécfl He :ﬁplalns the organization ang tactics
ame rower platoons th h
on New Georgia in 1943, 3% fad been employed

Twochey, James § ed "Pacific Battlefro

. f nts: Accounts to
December 4th," Twohe Analysis N ini
(December 9, 195737, 17-22, oL Newspaper Opinion

This weekly newsletter publishegd i i

1 ’ n Washingt

D.C., digested the news services' reporting oflgijg?'
1s3ues. Twohey analyzes the reaction of several major

Zanetti, J Enrique "Strate iari
' r . g¥y of Incendi W
(Apria tiede). i aries CWB 27
Zanetti's article was the first i iari
i : . 51 on incendi
to appear since 193? in this CWS service organ.ariss
the.artlc;e. Zanetti calls for a realistic appraisal
of incendiary bombs and their role in modern warfare,

G, Interviews conducted by the Author

Campbell, Williazm A, MSGT, USMA. Quantico, VA. 11 June 1975
.Sgrgeant Campbell participated in several majof
amphiviocus assaults in the Pacific while armed with
an M1Al flame thrower, During the period Aprii 1944~
February 1945 he saw the number of portable flame

throwers allocated to inf t i i
three Lomas: aniry regiments increase

Cohen, Leonard, USA, Ret. Edgewcod Arsenal, MD, 1o May 1975
3 Mr._Cchen served a5 an enlisted man in the cws™ '
gn Chemlgal Corps until hig retirement in 1958
fter retirement, he continued to work at Ed ewéod
Arsenal as a civilian employee, gewe
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iversity, Durham, N.C. 5 November 1975.
Golver, Robert g;. gggﬁegn;erved zs a CWS officer pr;o; to and
during World War II. While completing training att
Edgewood Arsenal during the late 1930's, he did god
see any work being done on incendiaries of any kind,

. Jamuary 1977,

+R. J, USAF. Ft. Leavenworth, KS 25 2

Compton, J.R gﬁis officer discussed current USAF doctrine
overning the employment, storage, and stockage levels
%in general terms) of incendiary bombs,

Hallman, Jerry A. MAJ, USAF, FPt. Leavenworth, KS. 26 January
“tni i i degrees of
This officer commented upon the_vgrylng

effectiveness of incendiary bombs utilized in Southeast

Agia,

i irgini May 1975,
H., COL, USAR. Ft, Myer, Vlrglpla. 20
Jones, Richard COi Jones was a platoon leader in Co. C, 713th
AFT Bn before and during the invasion of Okinawa,

Kagzer, Robert A. MAJ, USA. Ft. Leavenworth, KS. 25 January
1977. _ .
Recounti the employment of napalm in supper
of his unit iﬁg1966. the officer interviewed commented
in detail upon the limitations'of Napalm {incendigel)
when used in clese support of infantry troops,

Tumage, Wilson C., COL, USMC (Ret). Kansas City, Missouri,
December 1976, o
6 A former Marine Corps fighter_pllot. COL Turnage
commented upon the use of Napalm fire pombs by U$MC
air units during the battles for Iwo Jima and Okinawa.

Commented upon the initial shortage of Napalm gel during

the early stages of the Korean conflict,
H, Letters to the Author

ks E. Historian, U.S. Army Training and Doctrine
Keper. Brggmmand. Ft, Monrée. YA. 27 September 1577.

This letter, by a co-author of Chemjcgls in Combat,

contains a number of insights regarding the development
of U,5, flame weapons of World War II.

» Theodore, Duke University. Durham, N.C, 6 October 1978.
RoPP ° Historian Ropp comments upon the problem of
devising controls over weapons before the weapon has
been fully exploited during wartime.
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III. Secondary Sources
A, Books

Appleman, Rey E.; Burns, James M.; Gugeler, Russell A.; and
Stevens, John. Okinawas The Last Battle. Washington,
D.C.t Government Printing Office, 1GL8,
Official Army history dealing with the campaign con-

ducted by the Tenth Army in 1945, Offers many accounts gf
flame thrower employment,

Arthur, Robert A., and Cohlmia, Kenneth, The Third Marine
Division. Washingion, D.G,: Infantry Journal Press, 1948,
A wartime history of the Marine division. Containg
many phetos as well as textual material describing flame
thrower tactics utilized on Iwo Jima.

Auld, S.J.M, (as and Flame, New York: Ceorge H. Doran, 1918,
Opinionated accolnt of chemical weapons written by a
British officer assigned as an instructor in the Uniteqd
States, Primarily wartime Propaganda. No notes, biblio-
graphy, or index.

Bailey, Sydney D. Prohibitions gnd Restrainte in War. London:
Royal Institute of Internation Affalrs, 1972,

Short paperback containing some information on Napalm,

Baxter, James P,, III. Scientists Againegt Time, Boston: Little,
Brown, 1952,

Brief official history ¢f the 0ffice of Scientific
Research and Development from 1940 to 1543,

Beaumont, Roger 4., and Edmonds, Martin, eds. ﬂg;_ig_;hg_ﬂg;;
Decade. London: Macmillan, Ltd,, 1975, :
4 collection of essays. Especially interesting is
"Science, Technology, and the Future of Warfare" by Roger
Williamg, See Pages 1:7-17¢,

Belote, James, and Belote,William, 2xpQgg;Lgi_g;gg;l__zhg_ggzgig_
for Okinawa. New York: Harper & Row, 1970,
Well-written account of Okinawa campalgn with a good
bit of information from Japanese sources,

Bindinian, Larry J. The Combined Allied Bombi Dffensive
Against the German Civilian 1252—1235. Lawrence, KS:
Corcnado Press, 1976,

A critique of the Allied bombing campaign that relies
heavily on the U,S, Strategic Bombing Surveys for informa-

tion, Not well written, but a useful document for
researchers,

Bond, Horatio, ed. Fire and the Air War, Boston: National Fire
Protestion Association, 19544,

Excellent collection of articles by experts an flame
warfare and flame damage. Covers fire raid results in
Germany and Japan,
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Brodie, Bernard, and Brodie, Pawn M, From Crossbow to H-Bomb.
Bloomington, IN.: Indiana University Preas, 1973.
Presents a readable account of weaponry in ancient
times, including early forms of flame weapens,

Brown, Frederic J, (Chemical Warfare, A Study in Regtraints.
Princeton: Princeton University Press, 1988,

Does not provide muech information on incendiary
munitions or Napalm, but does treat the general questions
facing nations with regard to chemical and biological
warfare, Excellent discussion of CWS problems in the

1920's.,

Bruce, Robert V. Lincoln and the Tools of War, New York:
Bobbs-Merrill, 1956,

Examines Abraham Lincoln's personal fascination‘with
weapons of all kinds and records his exposure to various
types of flame weapons during the Civil War,

Caldin, Martin. The Night Hamburg Died. London: New English
Library, 1966,
Covers the conduct of Operation "Gomorrah," the fire
bombing of Hamburg by the RAF and USAAF in July and August
1943,

Cannon, M. Hamlin. Leyte: The Return to the Philippines,
Washington, D.C.: Govermment Printing O0ffice, 195%.
Official Army histery. Contains information regarding
the use of American flame throwers in the Philippines in

1944,

Chamberlain, Peter, and Ellis, Chris. British d Americ T s
of World Way II, New York: Arco Publishing, 1959,
Complete photographic history of U,5,, British, and
Commonwealth tanks, Has photos of most of the flame

throwing tanks of World War II.

Chemical Corps Association. Ine Chemical Warfare Service in
World War II. New York: Reinhold Publishing Co., 1948,
Short history of the CWS designed as a stop-gap until
official history was published.

Cole, H.M. The Lorraine Campaisn. Washington, D.C.: Government
Printing Office, 1950,
Both American and German use of flame throwers are
recorded in this official history of the U.S5. Third Army's
campalgn in the fall of 1944,

Coll, Blanche D.; Keith, Jean E,; and Rosenthal, Herbert D, The
Corps of Engineers: Iroops and Egquipment.- Washington,
D.C.t+ Government inting Office, 1958,
This officlal history volume explains how the peace-

time role of the Engineers was transformed by the American
entry into ww II.
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Cookson, John, and Nottingham, Judith. A Surve of Chemical
d Biological Warfare, London: G&Sheed and Ward, 1949,

For the educated layman, Exhibits no pelitical
-allegiance. Authors provide information about various

aspects of current chemical and biclegical warfare weapons
and practices,

Craven, W, Prank, and Cate, James L., eds, Euruge: ARGUMENT to
Y-E Day, January 194L o May 1645. The Army Air Forces
in World War 1I71. Chicagot University of Chicago Fress.
1951,

This official history containa information on the

USAAF incendiary bvomb attacks on Dresden and Cologna,
Germany.

- Europer TORCH to POINTBLANK, Au St 1942 to December
1943." The A Air Forces in World Wap II. Chicaggot
University of Chicago Press, 194G,

- ¥Yolume II of the USAAF history, Covers in eome
detail the early stages of the bombing campaign carried out
by U.S, bombers and contrasts the American daylight bombing
of industrial and military targets with the RAF's night
bombing of population centers,

+ The Pacific: Guadalcanal tg Saipan, August 1942 to
July 1945, The Army Air Forces in World War I1. Chicago:s
University of Chicago ress, 1950,

Volume IV of the AAF history, this contains a great
deal of information about the employmsnt of tactical and
long range aircraft in the South and Southwest Pacirfic
areas. Excellent index.

- The Pacifici MATTERHGRN to Nagasaki, June 1944 to

August 1945,  The Acmy Air Forces in World War II.
Chicagol University of Chicago Press, 1953,

Deals with the last decisive phases of the air war

in the Pacific and provides information about the incen-

giary bombing of Japaness cities by the XXI Bombardment
roup.

Crowell, Benedict. erica's Munition Washington, D.C.:
Government Printing Office, 1919.
. Hastily priepared and not annotated, this slim histery
15 valuable for what it does not say about flame throwers,

Crowl,.Philip A. Belizure of the Gilberts and Marshalls, Wash-
ingten, D.C. Government Printing Office, 1953,
Includes numerous accounte of flame throwsr action
on Tarawa, Makin, and Eniwetolk,

L —

Dickey, James, Buckd cer's Choice, Middleton, Conn. W
UniversityT!fﬁ%@.* f esleyan

i Thig book of poems containe his poem entitled, "The
Flrgbomblng." Ex-bomber pilot Dickey reflects on the
eéxcitement he felt and the death below him,
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Ded, Karl C. The Corps of Engineers: The War Agsinst Japan.
Washington, D.C.: Government Printing Office, 1932.
Provides information on the types of flame throwers

used by engineer troops in the Pacific and discusses
agsault tactics,

Douhet, Giulio., The Command of the Air., Translated by Dino

Ferrari. New York: Coward-McCann, 1942.

The writings of the great Italian proponent of
bombers. Douhet urged that the Italian government look
to the future in the development of a separate and powerful
air force,

Dupuy, Trevor N,, ed. Military, Poljitical, and Paychological
implicationa of Massive Populatign Lasualties in Histery.
vols., Washington, D.,C.: Histerical Evaluation and
Regearch Organization (HERD), 1965,

A contract repcrt prepared for the U,S, Army Combat
Development Command, centaine nrumerous scholarly essays
dealing with various aspects of mass casuaities as a
result of warfare.

Ewing, Joseph H, 2 Leg's Go! Washington, D.C.: Infantry
Journal Press, 1948,
The wartime history of the 2%th Infantry Division.
Contains a good account of the actions at Fort Montbarey,
near Brest, France, in which the Americans were assisted
by British flame thrower tanks.

Falk, Richard A,, ed. The Vietham War and International Iaw.

3 vels. Princeton: Princeton University Press, 1972,
Sponsored by the American Society of International
Law, these essays attack the American presence In Vietnam.
The U.S, employment of Napalm is attacked successfully on
meral grounds. Attacks on legal grounds are unsuccessful.

Fries, Amos A, Communism Unmasked. New York: By the Author,
1 .
A polemic tract urging vigilance against the spread
of Communism. No notes or bibliography. Fries points to
the Fascist governments of Cermany and Italy as the prlmary
bulwarks of the non-Communist world,

Garand, George W., and Strobridge, Truman R. Western Facifie
Dperations: Histo of U.5, Marine Corps Operations in
World War IT. Washington, D.C.: Government Printing
Office, 1S71.
The cfficial USMC history dealing with the invasions
of Peleliu and Iwo Jima, this volume, Number IV in the
WW II series, gives a great deal of information regarding
the use of portable, tank-mounted, and IVT-mounted flame
throwers by the Marines.
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Green, Constance M,; Thomson,

Harry C,;
Ihe Ordpance Department: Plgnni aﬁgnﬁzg;s; ?gte; S.
This official history discusses many of the préblems
encountered by "service" branches Prior to WW II in
developing weapons for future employment. Especiall
troublesome was the chronic lack of infurmation'aboug
European weapons developments.,

Greenspan, Morris., The Modern Law of Land Warfa
University of California Press, 1959, fare. Berkeley:
Unsuccessful attempt to prove ille i
gality of fl
weapons. Author treats flame weapons in theySamefwziehe
deals with biological weapons.

Harrison, Gorden 4. Cross-Ch;ggel Attack. Washi
Government Printing Office, 1951, ineton, D.C.:

Official history of the Normandy imvasion by the
2 u.s,
gr@yél Megtlong flame thrower tralning in Englanﬁ only
Tiefly, but gives aceounts of flame thro
after the invasion of France, Her action soon

Hermeséthltei G: Truce Tent and Fighting Front: The United
ates Ammy in the Korean War. Washin t D.C. -
ment Printing Office, 1968, grom G+t Govern

Useful in its discussion of North Korean and Russian

charges that the U.S, was e aged in biological
during the Korean War, neas gical warfare

Hersh, Seymour M. Chemical and Biologiecal
Hidden Arsenal. New York: Bobbs-Merrill, 1968,

An attack on the American possession and use of
defoliants and herbicides in Vietnam, this book also calls
for an end to all chemical weapons, Discusses the evilg
ol Napalm and its discoverer, Dr, Louis F. Fieser,

Holley, Irving B. Ideag and Weapong., New Haven: Yale University

Press, 1953,
A study in the relationship of technologic
. r al advance,
mlllyary doctrlnef and the development of wegpuns. with
pa?t;cglar gmphasls on the problems Americans had in
utilizing air power in World War I

Hough, Frank 0, 7Tne Assault on Peleliu, W, hi
United States Marine Corps, [920- o Tleten., D.C.:

.. _This published monograph benefits from the use of
sFlll-fresh Primary source material and many interviews
with veterans of the fighting on Peleliu, tp include
veterans of the 1st Amphibian Tractor Bn., who had utilized
the Canadian Ronson flame pProjector on LVTAls.
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Horne, Alistair. Ihe Fall of Parig. New Yorkt St., Martin's

Press, 1965,

Well-written history of the struggle for control of
Paris incident to the defeat of France in the Franco-
Prussian War. In his discussion of the Paris Commune,
Heorne addresses the reports of female members of the
Communard who threw incendiary devices at regular troops
sent to restore order.

Hough, Frank 0.; Ludwig, Verle E.; and Shaw, Henry I., Jr.
Pearl Harbor te Guadalcanal. Vol I of History of U.S.
Marine Corps Operatigns in World War 11, Washington,
D.C.: Government Printing Office, 1958.

Discusses the use of flame throwers by the Japanese

invaders of Wake Island in 1941,

Irving, David J.C. The Destruction of Dresden. New York: Holt,
Rinehart & Winston, 196%.

The author indicts the RAF and USAAF for fire bombing
refugee-packed Dresden at the request of the Russians in
1945, Contains an Introduction by General Ira C. Eaker and
a Foreword by Air Marshal Sir Richard Saundby, both of
whom were instrumental in the attacks on Dresden,

Israel, Fred L., ed. Major Peace Treaties of Modern History.
New York: Chelsea House, 1987,

This is truly an excellent compilation of inter-
national peace treaties. Divided into four volumes, each
with its own index, and also served by an overall index,
this collection aids a great deal in quick reference to
trecties.

Johnson, Thomas M., and Pratt, Fletcher. The Logt Battalion,
Washington, D,C,: Infantry Journal Fress, 1943,
Light reading. History of elements of the U,5. 77th
Inf. Div. cut off in the Argonne Forest in October 1918,
when they were attacked by Germans with flame throwers,

Judges 13:20,
Illustrates the wonder in which ancient peoples
teheld fire when it seemed to serve as a holy sign.

Judges 15:4-5, B
This passage gives an account of Samson destroying
the corn crop of the Philistines with flaming brands tied

to foxes,

Kerry, A.J,, and McDill, W.A. The History of tkec Corps of Royal
Canadian Engineers. Vol. II., Ottawat Military Engineers
Association of Canada, 1966.

Contains quite a bit of information regarding the
employment of mechanized flame throwers by Canadian units
during World War II in Europe.
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LangerknWilliam L. Gag and Flame in World War I, New York:

opf, 1963,
A short history of Co., E, 3Cth Engineer Regt. (Qas
Sﬂﬂ Flame). Account of combat experience of this unit.
0B3 not mention use of flame throwers. “"Flame" in title
comes from designation of the unit.

Lefebuge, chtor. The Riddle of the Rhine. New York: The
hemical Eoundation. 1623,
durin¢°ablnes a review of chemical warfare as practiced
hazarg grld War I with warnings about the potential
chemic g allowing Germany te retain control of large
annet : con:erns like the Interessen Gemeinschaft. Not
ated. Appears to reflect fears of a resurgent Germany

g f N . S ;
;reagi? by those who were dissatisfied with the Versailles

ledel%-Hart. Basil H. The T t .The History of The Royal
4@%@, Vol IT, New York: Fraeger, 1950,
with tene chapters written by generals, Those dealing
ank warfare in 1944-45 have a good deal to say

about i M " fatl
throwe:Q? effectiveness of British “Crocodile" tank flame

London Times, History of the War. Vol, X. London: 1917,
does This.is lesg hlstory than histrionics. Still, it
d Provide an interesting case of wartime Propagandizing
in an effort to maintain wavering morale, Made up of
news acceunts from the Iimes, it was published each year,

MacDonald, Charles B The Slegfriad L; s
' : Line Campaigzn. Washi
b.C. waiernment Printing Office, 1983, ashington,
. Well-writien accoeunt of the U.,S, First Army’ .
during the fall of 1944, FProvides accounts of glgtfampalgn

British, and German flame attacks.

McMillan, Ceorge. The 01d By 4 i -
Tournay Eresel 195%. ¢ed. Washingten, D.C.: Infantry “-

Unit history of the 16t Marine Dj
Peleliu, and Okinawa. Many ace oF flans aciieennls
by the Haora ok Y accounts of flame actions

Meid, Pat, and Yingling, Jameg M Op i i r
. . e . eraticong in West
U,5. Marine Operation in Horea, 1950-19757, Washgﬁgigﬁ m
D.C.lThgovgrn$ent Printing Office, 1972, '
18 18 Volume V of the official Marine hi
. st
the Korean conflict. It provides very good ac;ouggg g;r

flame attacks carried out by the Marinesg using flame

throwers, bot -
‘intage. oth tank-mounted and Portable, of World War IT

Miller, John, Jr CARTWHEEL: The Re i
B ’ . duction of R . i
ton, g.c.:d Government Frinting Cffice, 1953baul Washlng—
ecords flame thrower ti . i
Bougarneiias 11 iy actlons by Army and Marines on
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Miller, John, Jr. Guadalcanals The First Offensive. Washing-
1957,

ton, D.C.+ Government Printing Office,

0fficlal Army history. Mentions some of the first
uses of American flame throwers in the South Pacifie that
met with success.

Milner, Samuel. Yictory in Papua. Washington, D.C.: Government
Printing Office, 1957,
This official history of combat on New Guinea con-
taine an account of the abortive flame thrower actions
carried out in December 1942 by the 114th Combat Engineer

Montross, Lynn, and Cohzona, Nicholas A. The Inchon-Sepul
Operation: USMC Operations in Korea, 1050-1 '

W-shington, D.C.: Government Printing Office, 1955.
Mentions the extensive use of portable and tank-

mounted flame throwers by the Marines in Korea. Also

describes attacks by U.S. aircraft delivering Napalm bombs.

Montross, Lynn. War Through the A es. HNew York: Harper and
Brothers, 1946,
This very well-written book provides scanty, but
interesting information on early flame devices, particu-
larly fireships.

- Moran, Lord [Charles M. Wilsen]. The Anatomy of Coursge.
London: Constable and Co., Ltd., 1986.
Interesting study of the effects of stress in battle.
Fear and man's reaction to fear are examined,

Mra-ek, James E. The Fall of Eben Emael: Prelude to Dunkergue,
Waghington, D.C.: Luce, 1970.
Mentions the utilization of flame throwers by German
combat engineers in their assault upen the Belgian fortress.

HNewcomb, Richard F. Iwo Jima. New York: Holt, Rinehart &
Wirston, 1945,
Contains many accounts of flame thrower use during
the conquest of the Japanese stronghold between 19 Febru-
ary and 14 March 1943

Nichels, Charles §., Jr., and Shaw, Henry I., Jr. Okinawa:
Yictory in the Pgcific. Washington, D.C,: Government
Printing 0ffice, 1953,

Official Marine history volume. Many accounts of
flame thrower actions, particularly by the tanks of the
Army's 713th Armored Flame Thrower Bn,

Noyes, William A., ed. Chemistry. Bosion: Little, Brown, 1948,
This collection of articles and monographic studies
providesa general history of the NDRC during World War IT.

266
Numbers 11:1, 16:35,
God burns wickeqd people who disobey his commandments.

0'Neill, James E., and Krauekopf, Rovert W., eds. World War II.

An Account of itg Documents, W, i Howard
University Press, 197§, ashington, D.C.:

Printed papers and proceed;,

nEe of the Conference on

Research on the Second World War held on June 14-135 1§71,
at the National Archives, Washington, D.C. Essays by noted
hzstorlgns deal with research procedures used at the Nation-
al Archives when working with records in their field.

Palmer, Robert R.: Wiley, Bell 1.; and Ke irrg :
Procgrement and Training of Army g}giﬁé g;éiE:T T Ihe
Washlngton..D.C.= Government Printing Office, 1948,

Ar@y_hlstory of the Army Ground Forces. Indicates
how training Programs ware eéXpanded with regard to flame

thrower training af?er 1943 due to the increased frequency
of flame attacks being conducted in the Pacirfic.

Partington, J.R, 4 History of Greek Fire d Gun Cam-
bridge, England' W. He,Ter 19ge- “npeuder.  Cam
A scholarly treatment of encient and medieval flame

weapons, Hard to read, but full of ihformation,

Prentifgﬁ?Augustin M, Chemicals in War, New York: McGraw-Hill,
No footnotes, but a full bibliography. Comblnes g
shor? histgry of chemical weapons with projected use of
chemicals in war. The author, a CWS lieutenant colonel,
includes a short chapter on incendiary bombs on PP, 24B-261,
Foresees the increased use of incendiary bombs.

Rogers, Beynard W. GEDAR FALLS-JUNCTION CITY: A Turning Point.
Washington, D.C.1 Government Printing Office, 1974,
ngeral Rogers' monograph discusses the usge of -
ng?aﬂlzed flame throwers in the jungles of Vietnam in

Roland, Alex. Underw ter Warfare in the Age o Sajl Bloomi
Irwa 4 ar £ by . ming-
ton, IN: Indiana University Press, 1978, ne
. Book éxamines underwater weapons, The development of
nines and submarines, often regarded as dishonorable weapons

by naval officers, is chronicled here. Interesting for its

:peatment of resistance to change among military organiza-
ions,

Ropp, ghiodoreé gar in the Modern World, Durham, NC: Duke
niversity Press, 1959; reprint ed. New Y i
Booke. 1053 P w Yorkt Collier
Standard work on strategy, weapons, that stresses the
wars of the twentieth century without : 1 i
gone befene v neglecting what has



Rose,
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Steven, ed. CBEW: Chemical and Biological Warfare. Bostons

P s, 19£9. .
Beacogangz presented to the conference on Chemlca% and .
Biological Warfare, London, 1968, See Chapter 3, "Napalm.
Polemic.

Rumpf, Hans. The Bombing of Germany, Translated by Edward

Shaw,

Shaw,

i i i 1962,
Fitzgerald. New York: Holt, Rinehart, and WLnstgn.
gOriginally published as Das Ngr der Bombeggglcg in
Germany. Largely an attack on allied area bombing, with
a strong denunciation of fire bombing.

Henry 1., Jr.; Nalty, Bernard C,; and Burnbladh, Edwin T.

Central Pacific Drive, Washington, D.C.: Government
Printi 0ffice, 1968. . .

VE%ume III of the official Marine hlst9ry for WW II,
this book covers the fighting on Tarawa, Saipan, Tinian,
and Guam, all of which saw extensive use of the flame
thrower by Marines,

Henry I., Jr., and Xane, Douglas‘T._ Isol Fion ol Rabaul.
Washington, D.C.: Government Printing Offlce, 1963,

VYolume IV of the Marine history. This volume, though
with a higher number, covers actions that occurred somewhat
earlier than those in Volume III., This book QEals.with the
American drive toward Rabaul and recounts Marine fights on
New Britain and Bougainvilie.

Sherrod, Robert. Tarawa--The Story of a Battle. Fredericksburg,

TX: Nimitz Foundatlon, 19773,

Eyewitness account of flame weapcn employmgn? an
Tarawa, 1943, Interesting attack upen U,5. civilians
who criticized Marines as being too brutal.

shore, Moyers 5., II.

3mith,

The Battle for Khe Sanh. Washington, D.C.:
Government Printing Gifice, 1989.

Vi i d USKC
Vietnam monograph. Tells of North Vietnamese an
use of flame throwers during the Battle of Khe Sanh in 1968,

Rovert R. Triumph in the Philippines. Washington, D.C.:
Government Printing 0ffice, 1963, .

An Army history, it récounts in detail the return of
MacArthur's forces to the Philippine Islands. Mentions,

but does not elaborate on, the use of flgme throwers on
Luzon and during the recapture of Corregidor.

Spaight, James M., Air Power and the Cities. London: Lengmans,

1930,
Greenﬁaizgs the question of legal/mural_restraints upon
chemical weapons when such weapons are 1ntegded for use
against civilian population centers. Coptalns a useful
review of attacks upon civilians. Well indexed, and
annotated,
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Spaight, James M, Air Power and War Rights, London: Longmans,
Green, 1924,

Addresses the present and future problems of inter-
national law in dealing with the new serial weapons
employed during World War I.
of the laws of lang warfare to encompass air warfare,
especially air attacks against civilians,

- Bombing Vindicated, London: Geaffrey Bles, 1944,
Primarily an Allied Propagands tract, this book seeks
tc apply rulings of international law to the Allied bomber

offensive, Interesting because it highlights some of the

conflicts that arose in the Grand Alliance during Worid
War II,

Stockholm International Peace Research Institute, Napalm znd
Incendiary Weapons. Stockholm: 1972,
Lengthy attack on the U,S. military. Includes

findings of a Symposium of European and American doctors

and educators opposed to U.S. involvement in South Vietnam,

Includes a Survey of 19th and 20th century international

conventions in which the Prohibition of incendiaries wap
urgead,

Stouffer, Samuel A., ed, The American Soldier: Combat and itg
Afterpath, Volume IT of the four-volume Studies in Socia]l
25xghg;ggx;;g_ﬂgg;g_#gg_L;. Princeton: Princeten
University Press, 1949,

This volume contains one chapter, No, 4, which deals
strictly with fear in combat. Most inleresting conclusjions
regarding the effect of the anticip=*icn of injury or death.

Thiesmeyer, Lincoln R., and Burchard, John E,
Boston: Little, Brown, 1947,

Provides background of NDRG mission and organization.
Good account of NORC activities oversea

8. Title is unfor-
tunate, Most or the scientists were located in London,
Brisbane, or Honolulu,

Thucydides. The History of the Peloponnesian War. Translatea
by Rex Warner, Middlesex, England: Penguin Books, 1972,
Landmark study of the Greek war during the fourth
century, E.C.

Combat Scientists,

.Troobofr, Peter D, Law_and Responsibility in War, The Vietham
Experience, Chapel Hil1l, NC:

University of North Carocling
Press, 1g75,

A.collection of essays, the book Provides various
(and.d}Vergent) opinicns on the legality of flame weapohs--
Specifically in Vietnam--but in Past wars as well,

The author urges an expansion

B A e e g
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Yerrier, Anthony. The Bomber Offensive. New York: Macmillan,
1968

'The best feature of this history is its very complete
bibliography. Although the USAAF in Europe during World
War IT is dealt with, the book is concerned primarily with
the RAF.

Waitt, Alden H. Gas Warfare. New York: Duell, Sloane, and
Pierce, 1942, .
General treatment on chemical weapons. The very
general discussion of flame weapons 1nd1c§ted the limited
development of incendiaries by the CWS prier to 1942,

B. Articles,

"A Jap Burns,™ Life 19 (August 1945): 34. .
P Photographic account of the destruction of a Japanese
pillbox in the Southwest Pacific by Australian troops.

lison, Graham T. “Concepiual Models and the Cuban Missils
A sGCriEiS." American Political Science Review 63 {September
1969) 1 695-718, .
? Allison provides a three~part model for examining the
decision~making processes in government,

" k By Fire," Time 45 (June 4, 1945): 35, . .
frtac Y The U,5. MZ-2 flame thrower is extolled in Fh}s
article praising the Marines fightlng in the Pacific.

"B-29 Strikes," Impact 3 {June 1943): 24-39,
? Exéellent photo coverage of fire bomb strikes on
Kobe, Nagoya, and Mushashiro, Japan, during May, 1945.

Bers, Jullan E, *“Army's Newest Fliame Gun,"” Chemical Warfare
" Bulletin [GNE] 30 (June-July 1944): 391,
Short presentation of the major components of the
new M2-2 portable flame thrower.

"Bomb-Bats,” Tlme 67 {January 7, 1946): 46. .
Nothing new here, but interesting in that it was one
of the earlier public announhcements of the aborted bat-bomb
project.

Bostick, Orbie. “"Mercy Killers," CWB 30 {February-March 194k}

16=-17, .
7In gpite of the title, this article, written by a CWS

officer in the Pacifie, presents a though?ful study of the
toxicological effects of flame. This.artlc%e was one of
several printed in CWS Bulletin at this period of the war
which attempted to portray the flame thrower as a merciful
weapoh,
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Brophy, Leo P. "Origins of the Chemical Corps," Miljtary Affairs
20 (Winter 1958): 217-226,
Well-written history of the founding of the Chemical
Warfare branch of the AEF in 1917 and the Army CWS from
1920 to 1930,

Bullene, Egtert F. "Chemicalg in Combat," Armed Forces Chemical
Journal [APCI] V (April 1952), 4-5.
Lightweight review of chemical weapons used during

World War II,

"Bunker Busting,” War Monthly, Issue 23, (April, 1976): 42-48,
Good overview of techniques employed by British and
U.S. forces for the reduction of fortifications during
World War II.

"Chemical Procurement in the New England States," Chemical Corps
Journal [CCJ] 2 (Cctober 194y s 48-50,
Yery helpful article explaining how the CWS and
civilian industry worked together during World War IT +to
develop and manufacture weapons and equipment.

"Chemical Warfare Service Materials Used by the Air Services,”
Chemical Warfare 8 (Jarmary 15, 1922). 2-5,
Surprisingly full discussion of World War I bomb
types, fillers, fuses, etc, Alsc lists desirable
characteristies of aerial incendiaries.

"CWS Studies Flame Deaths," CWB 32 (April-May 19ii); 31-32,
Thie staff article discusses the various aspectg of
the toxicology of flame.

Delo, Daviﬁ M. “"Scientists in Uniform AFCJ 3 (April 1949):
20-24,
This short article comments on the need for technically
oriented officers in the Chemical Corps.

Dolan, Michael J, "Napalm,"” Military Review XXXIII (September
1953): 9-18,
Reviews the development of fuel thickeners for use
in aerial incendiaries. Helpful because of its clarity
and concise nature.

"Finale: With or Without Atom Bomd, Japan War Throu, h," Impact
J (September-October 19453 103-104, &
Many Japanese are quoted who felt that the combination
of U.S. submarine and air attacks had defeated Japan before
the atomic bombs were dropped.

"Pirebirds' Flight,” Time 45 {19 March 1945}, 3.
.. Interesting mainly for its Pugnacious tone. The rews
editor obviously felt that the Japanese being fire bombed
were getting their just deserts,
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Graebner, Norman A. and Roby, Martha J. "Allied Assault on
Germany.” Pp. 51-81 in Yol 3 of HERO study on mass
cagualties, 1965,

An analysis of the effects of the allied bombing
offensive against Germany during World War II.

Gurney, Gene. "The Giant Pays Its Way," World ng Il in the Air:
Ihe Pacific., New York: Franklin Watta, 1962, pp. 2W47-265,
Chronicles the employment of the B-29 bomber in the
Pacifie during 194U4-4s5,

Hollingsworth, E.W, “The Use of Thickened Gagoline in Warfare, "
AFCJT IV {April 1951): 26-32,
This article reviews the attemptis (mostly 20th century)
to thicken gasollne in erder to provide a viscous flame
munition.

Hopkins, George E. "Bombing and the American Conscience during
World War II." Historian 28 (May 1966): 46Uk-4&9,
Discussion of criticism of U.S. bombing attacks
against German and Japanese population centers,

“Hotter Than Napalm," Army Times (26 February 1975)+ 43,

The newly developed 27-1b. flame projectile launcher
is pictured in this article. Designed to replace the
standard flame thrower, this weapon has been izsued to
selected troop units.

Josephy, Alven M, "Jungle of Stone,” Infantry Journal (September
1945): 12-13,
This article provides an eyewitness account of the
use of flame throwers by the Marines on Okinawa.

Kleber, Brooks E, "The Incendiary Bomb," AFCJ VII (Cctober
1953): 24-27, 58-59,
A cursory review of various types of incendiary vombs

used during World War II,

Kononenko, Alexei, "Attack on a Fortified Inhabited Point,"
Infantry Journal 51 (May-June 1944): 62-63,
Soviel flame thrower technigues are explained here,
Soviets used portable and tank-mounted flame throwers,

"M=69...The Fire Bomb that Falls on Japan.” Standard 0il Ce.
of New Jersey. April 1945,
An industrial public relations pamphlet, this demon-
strates the empleyment of gelled gascline bombs against
Japan,

Meyers, Lewis, "Tactical Use of Flame," Marine Corps Gazette

{November 1945): 19-22.

Unofficial statement of what had become official
tactical doctrine regarding the employment of flame
weapons by the USMC.
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Miller, Walter L. "Flame Helps the Infantry," U,5. Army Combat

Forces Journal 2 (December 1951): 16-19,
Well-written article which somewhat overstates the
capabilities of flame throwers.

Mantgomery, Edward., "The Role of the Chemical Corps in Air

Power," CCJ I (April 1947): 1g-21,

The author was attached to air staffa in Europe during
World War II and comments upon the difficulties experienced

by CWS officers Serving two masters--the field commander
and the Chief, WS,

Morten, Louis. “The Decision to Use the Atomic Bomb," Foreign

Affairs 35 {January 195%): 334-353,
Morton examires the condition of Japan prior to and
after the dropping of the atomic bomb.

Munhall, John H. "Were the Japs Defeated by CWS Incendiaries?"

Otto,

Prentiss, A.M. "Incendiaries,”

Ropp,

CCJ I (October 1946)1 4i-La,

Biased account of the incendiary bombing of Japan in
1945. Author implies that atomic bombs were not essential
for the defeat or Japan.

Cﬁr;BE' "Fires from Incendiary bombs," CWE 27 (July 1941):
94-98,
Demonstrates renewed U.3, interest in aerial incen-

d;:;ies spurred by German use of flame against British
cities,

Combat Forces Journal II
{October 1951): 2225,

Nicely.done review article which explains, in simple
terms, the importance of incendiary bombs durin World war

II. Prentiss also wrote Chemicals in War {1937),

Theodo;e. "Political and Economic Considerations," Pp.
25-28 in Vol 4 of HERO study on mass casualties, 1943,

St, John, Adrian. "Chemical Warfare in the European Theater of

Shaw,

Operations,* Military Review 29 (December 1944): 57-66,
Colone} 5t. John was the chemical advisor to the SHAEF
CG at the time this article was written., It cerrectly

reflects the offlcial policies of the CWS di 1
in the v P regarding flame

Fred B,, Jr, "Packing Incendiary Bomb Clusters: A Con-
tainer Problgm.“ AFCJ IIT (April 1950). 20~21, 40,

X Shede light on the Problema cof Packaging and shipping
incendiary bombs from the United States to Europe.
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Shaw, Samuel R. “Non-nuclear Attacks" [on Japan], Pp, 83-102
in ¥ol 3 of HERO study on mass casualties, 1965,
Casualty effects of the fire bombing of Japan.

Sorensen, Henry. "History of Flame Warfare," Canadi
Journal 2 (July, August-September 1948): 31-32,

This article, which appeared in two installments,
pravides a good review of flame warfare in modern times.

In the July installment, he cites at length Yol. IV of

History of the Great W Military Operation France and
Belgium.  James E. Edmonds (Londont Machillan & Co., 152B).
Struve, Kenneth D. “"Yokohama M69 Day," CCJ II (January 1948):
29=30.
Short treatment of the incendiary bombing of Yckchanma,

Japan, on 2% May 1943, in which Napalm-filled M&9 bumbs
were extensively utilized,

Arm

Terry, William K, ™“24 Japs in a Hole,” CWB (April-May 1944): 19,
Battlefield reporting by a USNC combat correspondent.
Excessively gory, but tende to follow facts while providing
a bit of propaganda for the CWS.

"The Fires of Wari Napalm and Other Incendiary Weapons,"”
UN Monthly Chropicle 10 (February 1973): 48-5k,
A group of experts on incendiaries, mostly from Third
World nations, collaborated on the production of this
article hailing the UN General Assembly's call for steps
leading to the ocutlawing of Napalm and other incendiaries,

"The Massacre at Dak Son," Time 90 {15 December 1967): 32-34,
Pictures and text report the use of flame throwers by

North Vietnamese troops in an attack upon a South Yietnamese
village,

Thompson, Paul W. “Engineers in the Blitzkrieg,” Infaniry
Journal 47 (September-October 1940}t 429-430),
in thls article, Army Captain Thompson presents a

glowing report of the technical and tactieal expertise of
German engineers.

+  "How the Germans Took Fort Eben Emael,* Infantry
Jdournal 51 (August 1942): 22-29,
One of several articles by this author, who was
a U,S, military attaché in France during the German
blitz. Yery pro-engineer without being pro-German,

Pownsegd. Earle J. "Hell Bombs Away!" AFCJ IV (January 1951}
-11.

Explaing the use of Mapalm bombs during the Korean
War. Light reading.

Jnmacht, George F, "Flame Throwing Seabees,
Proceedings 74 (April 194B8): L2s5-427,
The contribution of Navy engineers to the flame tank

construction preoject in Hawaii forms the focus for this
article.
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Unmacht, George F. "Flamethrower Tanks in the Pacific Ocean
Areas,” Military Review 25 (Karch 1946); 451,
The best single published account of the work done by
Colonel Unmacht's group in the last year or the war, with

comments about the effectiveness of the flame tanks in
combat.

Waitt, Alden S, “Assault Troops Silence Pillboxes with Fire,”
Popular Science 141 {(August 1942): 38-41,
Appearing before American combat troops had used flame

in combat, the author, a CWS officer, explains the workings
of a flame thrower in simple terms.

Wheeler, Richard J, “The 'First' Fla, -Raising in Iwo Jima,"
American Heritage 15 (June 1964), 103,
This article, written by a veteran of the Iwo Jima

battle, contains many references to flame thrower employ-
ment by the USMC.

White, Gilhert. “Armor for the Flamethrower: Staff Gave Us
O Days,” CWB 30 (August-September-Gctober 19LL): 4o,
This article describes the activities of the CWS
Technical Divisicn in late 1944,

Wing, H. Gilman. "flame," AFCJ VII {(July 1953): 8-15.
A superficlal review of the manner in which flams

weapons of all types were employed during World War IT
and the Korean War,
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