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A fuei-air explosive (FAE) is, by definition, a detonable material that gets most, or all, of its
required oxygen from the air. Two aimost unique properties of FAE are that it carries little or
no oxygen with it, thereby giving it good weight efficiancy, and that the detonation occurs
over a significant arsa thereby generating a greater impulse than with a point detonation
charactaristic of conventional high explosives. Exceptions to the latter point, that will not
be discussed in detail here, are dispersed, conventional high explosive powders, and

nuclear explosives.

Reports of Soviet use of FAE in Afghanistan
‘have revived interest in FAE weapons by the
US military after several years of relative neg-
iect. The zenith of US development may have
been reached in January 1973 with the detona-
tion of an FAE device next to the de-
commissioned  destroyer  escort, USS
MCNULTY, which eventually caused it to gink.
However, at least 13 years earlier work was in
progress at the China Lake Naval Weapons
Centar which, by the late 1960s, led to oper-
ational lests in Vietnam and the design of the
CBU-55B containing 3, BLU-7¥/B FAE
bombs. Since the iate 1970s interest in FAE
weapons has dechined except for the CATFAE
minefield clearing system and the stillbom
SLUFAE, aiso intended for mine cleanng. what
are luel-air expiosives. how dc they work, and
why have Ihey afternatety excited and dis-
appointad the military community? In this ar-
ticta we will try to answer these questions as
well as address the issues of weaponisation,
and tactical application

v

Mr. Lavoie i & defence analyst for the Defense
Systere Group of Honeyweil inc., in Minnesots.
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Technical Background

Precisely as the name implies, fuel-air ex-
plosives are expiosives that rely on oxygen in
the air as the primary source of the indispens-
able oxidizing agent. Severgl eary references

The (atest operational appiication of FAE is
the CATFAE (Catapult-Launched FAE)

mine-clearing system, currently under
devaioprent for the USMC.

in the literature atherwise, are incorrect. For
example, FAE detonation in space i1 a contra-
diction in terms. Cther early references 1o FAE
“burning” in an oxygen-free environment are
beside the point, since “buming™ and “detona-
tion" ara not the same thing. Buming is “slow”
oxidation (rusting iron is even slower yet) wnile
detonation is very quick, propagating through
the reacting rmecium at velocities of several
ilometres per second.” The fuel-air explosion
process contrasts to that of conventional high
explosves, such as TNT, which carry adequate
oxygen aiready attached to the expiosive
moiecuie (Figure 1). It should be noted. how-
ever, that the energy cutput of conventonal
high explosives can be boosted by adding oxi-
gizer if ther motecules are naturally oxygen
'gan (TNT), or by adding a reducing agent such
as aluminum, if fuel lean (ammonium nitrate). in
some cases the additional oxigizer can come
‘rom the air just as with FAE. Indeed. some of
‘nese explosives, when dispersed as powders.
are coming to be grouped with FAE ana other
migh impulse expiosives under the name of en-
aanced blast munitions (EBM).

Fuel-air explosives are more weight efficient
-man conventional explosives since they obtain
“heir oxygen from the arr. Figure 1 snows that
22 % of the weignt of TNT is due to the oxygen
t must camy with it while 41 ang 47 % of the
~egnt of the consumables (fuel and oxygen)
. respectively, propylene oxige/air or
aiuminum dust/air explosions, comes from the

* Soma FAE fueis, for example ethylena and pro-
oywena oxi0es, have an oxygen atom in (he maoiecule
and. indeed, can exothermally decompose i the
aosance of air, but they don't datonate. Also contrary
to some raferences in the defence hteraturs. many
FAE fusis are reianvely berugn 8.g. kefossne.

SLUFAE was an eartier US attemnpt at FAE
for mine-clearing purposes.




%,:: and is not carried with the explosives. Ac-

. cordingly, weight for weight propytene oxide

and aluminum release 7.9 and 7.4 times as
much energy as TNT (Table I).

There are many possible FAE fuels, but
practical onsiderations such as safety quickly
reduce the list. The unciassified list ot known
detonabie FAE fuels is not very large. Hydro-
carbons are the most numerous. Tabie il lists
some of those that have been demonstrated to
detonate as weli as including non-hydrocarbon
fuels. Indeed. hydrocarbons attracted earty
civil attention to the FAE phenomenon be-
cause of accidents in the petroleum industry.

Arrangement of 2
CATFAE vehicle
{AAVP-TA1 hull).

Balow: Fig. 1:
Ideaiised chemical
reactions of
axploding TNT and
FAE fuels.
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Table I: Specific
energy of some FAE
fuels.

No theory of cetonation exists that can pre-
dict the detonabpiity of a potental FAE mat-
enal. Many fueis will bum (deflagrate) without
detonating. Others will only detonate if suitably
excited by a powerful enough source, and
some will detonate quite easily. The critical dg-
tonation energy cepends on the type of fuel,
the fuel particle or drop size if it is sofid or
liquid, the energy deposition rate (power), the
fuel-air ratio, and. to a lesser extent, the tem-
perature and hurmidity. A useful rute of thumb is
that an FAE detonator should contain a can-
ventional explosive mass about 1 % of the FAE
mass.

FAE as Weapons

The weaponisation of fuai-air explosives
wouid be greatty simplified if a good way could
be found to cause the fuel to self detonate at
the nght moment. Thus far research in this area
has peen ORIy siigntly successful with fairty im-
practical results achieved by injection of highty
reactive fluonne or bromine triflonde into the
fual cloud causing detonation. Some progress
is also being made with autodetonating gelled
fuels,

Apart from nuclear weapons, pure blast
weapons are balieved by some in the defence
community 10 be relativety ineffective uniess
augmented with penetrators. fragmertation.
incendiary, or other damage-producing
agents. Neverthaiess, FAEs are effective pro-

Mitary Technoiogy « MLTECH - /89

cisety because of their blast. To understand
this apparent contradiction it is necessary to
use more exact terms than “blast” and to relate
these new terms to target vulnerability.

The blast produced by any explosive can be
characterised by peak overpressure and im-
puise® at a given distance from the centre of
the detonation. Overpressure is the pressure
increase above normal ambient caused by the
heated and expanding products of the explos-
iva chemical raaction. At a pcint some dis-
tance from the blast orgin the passing blast
wave will cause the pressurs to abruptly in-

Fig. 2: Pulse shape in space and time of
blast over pressure.

crease from ambient t0 some peak value, then
decay retatively siowly back to ampient. The
greater the distance from the origin of the
blast, the less the peak overpressure of the
passing wave (Figure 2). Impulse at these
same measurement points is the product of
the overpressure and the duration of its appli-
cation. If the overpressure occurred as a
square wave, the impulse wouid be caiculated
as just overoressure times its duration. But
cverpressure decays exponentially, So its
waveform appears more triangular than
square. Accordingly, an exact expression for
impulse requires the time integration of over-
pressure (| = ? P dt.) However, in some cases it
is adequate to assumae the overpressure pulse
is shaped like a rignt triangle and compute the
impulse as the area of the triangie {I = 0.5 )

* The term “impuise.” is used hers as it is generally
used in the Diast and vuinerabiiity literature, which is
strictly speaking,<mpuiss per unit area. Of course.
trus (mpuIse & the LM ntegral of force.
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where “t" is the decay lime constant. There are
several factors that establish the duration of
the overpressure puise, and hence the im-
pulse, inciuding the gquantity, energetics,
spatial distribution of the exploding material,
and the distance from the centre of the expilo-
sion, Useful approximations for computing
FAE overpressure ang impuise are given in
Table Ml

Blast waves lcad targets through diffraction
and drag coupling. Targets are damaged in
diffraction loading because of the pressure dif-
ferences that appear across them as the biast
wave passes. The coupling is optimum when
the blast wave duration 1s less than one fourth
the naturai vibration penod ot the targat. Light-
weight targets have short periods. This implies
shont, high-pressure blasts are neegded 10
damage them, since the period is proportional
to the square root of the target mass. Accord-

Above: This
Vietnam-era photo
depicts a
SKYRAIDER carrying
14 CBU-55/B FAE
bombs.

Ethylene Oxide
Heaptane

Table Ii: Sorne
possible FAE fuels
that have besen
successfuily
detonated.

ingly, diffraction-gominated coupling is most
eHective against overpressure sensitive tar-
gets

Targets are damaged by drag loading be-
cause of the drag resistance to the air moving
rapidly over them. Drag load damage in-
creases in proportion to the duration of the
blast. Since impulse is the product of over-
pressure and time, it is clear that impulse dom-
inated blast loading is most effective against
drag-sensitive targets. Drag-sensitive targets
are usually considerad “"soft,” while diffraction-
sensitive targets are usually considered “hard”
(Table IV},

Many targets are vuinerable to bath diffrac-
tion and drag joads. For example. an auto-
mobile exposed to a blast with its windows
closed might have its roof crushed and
windows broken by diffraction loads, while its
radio antenna is tom off and the vehicle rolled
over by drag loads.

FAE weapons, with their relativety long im-
pulse and relatively low blast overpressure, are
igeally best matched to soft targets. Aircraft,
unreinforced buildings, missiles of all kngds,
trucks and otner unarmoured motor vehicles,
radar and communications antennas. and
troops are seft. Lightly armeoured combat ven-
icles, APCs and the iike. reinforced buidings.
concrete bunkers, artillery, and tanks vary from
intarmediate to hard, and accordingly may not
be suitable FAE targets. However, one should
not overiook the possibility of attacking the
soft sub-systems mounted on hard targets.
For example, tanks ang APCs could be renoer-
ed virtually useless by destroying their an-
tennas and external stores.

Any target, hard or soft, requires a centain
minimum or critical impulse and peak over-




pressure to be damaged. Once having satis- Fig. 3a: Tamet
fied thesa minimum requirements any combin- pressure/impulse
ation of impulse and overpressure will do the

vuinerabilivy.

job. This information can be very conveniently
presented in a PA vulnerability diagram, as
shown in Figure 3a. The curve in Figure 3a
separates the vuinerable and invuinerable PA
domains for a given target. Every target has its
own curve. Tha harder the target, the more the
curve moves up and to the right, reflecting

greater minimum impuise and cverpressure for
assured destruction. it is often not practicable
to calculate the curve, even with a large com-
puter, although it can be computed for some
simple systems. The curve is more frequently
defined by a combination of experimental and
computational techniques.

Figure 3a represents a hypothetical soft
structure vuineratility, Figure 3b shaows the P/l
curves for hypotnetical soft and harg struc-
tures together with a piot of P and | as a func-
target vuinerability to  tion of blast radius for 227 kilograms of TNT
227kg of TNT and ang 227 kilograms of a typical FAE fuel. Figure
FAE. 3b instantly shows the advantages and limi-

Fig. 3b: Comparison
of hard and soft
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the, ,.,,,do not intwyact, Moreover, increasing
,,m'y'“‘"' of FAE fusd will not heip since that
Dok peronds thy FAE curve to the right
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vl ’"' On the FAE curve. This is the lethal
e la.m this FAE waapon. Compare this to
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that ot an
il g, ATRY Of TNT by two 2nd a
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Dresaur (Figurs 43, B). The peak over-
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uclon  Hally lass than those of TNT and
oftactan Do, This significantly fimits the
the om: "33 of FAE against hard targets. On
MDulse u“‘“‘* Fiqure 4b shows that the FAE
The 8bout & hungred times greater than
nass dmmgz"::AE & much greater effective-
Pore 10 peunt oy largets, ‘It is also appropnrate
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POTed i e 48 has sometimes been re-
ana u_““‘mmﬂfure. it might be used on a
focts fog LUmulate nuclear weapons ef-
of FAg M‘““""muw testing, but the quantity
Achear w2000 1o substitute for a tactical
Soay M"‘N' of aven fractional kiloton yield
FAE & very practical device. An
h & yiekd aquivalent to a 0.1

The
SSepCriMton of FAE is dominated by
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Tabie Ili: FAE blast
cornputation.

Fig. 4b: Impuise for 1KT nuclear,
TNT, FAE.

time. A genenc FAE bomb (Figure 5} might be &
right circular cyiinder, two or three diameters
long, fillec with Yuel and fuzed to burst open at
a suitable distance above the ground. A burs-
ter charge of high explosive, weighing 1 or 2%
of the fuel weight, is iocated in a tube along the
bomb's central axis. The purpose of the burs-
ter charge is to break open the container and
distribute the fuel in a cloud such that the
volume of ar filled will contain sufficient
oxygen for compiete fusi oxidization. This
volums is determined by the quartity and reac-

__tion chemistry of tuel (Figure 1). When the fuet

is a fiquid the burster charge aiso serves the
purpose of shattering the liquid into a micro-
mist aerosol 50 that it can be detonated. This is
an extremely important and delicate function
since the detonability of the fuel is determined,
in part. by the aerosol dropiet size.

The aerosol is detonated once the cloud
reaches the diameter for the optimum fuel-ar
ratio (also kown as the stoichiometnc ratiol.
The “second event” detonator. like the burster
charge, is also a high explosive weighing a few
percent of the fuel weight, The reason the bur-
ster charge doesn't detonate the fuel while the
getonator does. is that the fuet 1s not in a get-
anable aerosol form at the “first event.” The
detonator is ejected from the generic Domo
snortly before the burster charge goes off. it is
slowed with a suitable drag device so that it
anters the aerosol cloud ana detonates at the
instant of tuel-air stoichiometry. An FAE weap-
on would be considerably more simple if this
abviousty very tricky procedure could be avoi-
ded by finding some way to get the fuel 10 self
getonate the instant it reaches stoichiometry.

The effects of weather on FAE cloud forma-
tion and detonation are not very well known.
Apart from some anecgotal data it has been
established that temperature and humidity can
change the required detonation energy by as
much as 10 or 20 %.

Fig. 5: Genenc FAE
bomb.

Safety is an important issue in weapomising
FAE. Some fueis, such as aluminum powaer.
are benign, while others may be corrosive. un-
stable, inflammable, explosive, or toxic. Table
V lists a faw of these factors for soma selected
fueis. Sometimes a fuel can be selected to re-
duce some of these hazargs. For ex@mple. the
high volatiity of ethylene oxide makes it dif-
ficult to contain safely at elevated tempera-
tures. Propylene oxide is. nevertheless, a
somewhat difficut material to handle and
stors, and could posa a fire hazard if the con-
tainer leakad. indeed, liquid fuels, In general,
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are often fooked upon as more hagardous than
solids because of potential leakage problems.
Geling the liquid is one potentiai method of
dealing with this difficuity that is currentty
being investigated. ’

The weapomsaton of FAES is also some-
times controiled by the selection of the dalivery
container, H the contamer is already deter-
mined, for exampie, the weapon must be con-
tained in a standard 226 kg {500 pound) bomb
assembly, or in a 155mm artillery sheil, then
the quantity of fuel may be either weight or
volume fimited. Such constraints can give
aoded importance to high-density fuels.

The only US FAE weapon ever fielded in
battie in significant numbers was the BLU-73/
B containing 33 kg (72 pounds) of ethylena
oxide. It was used by the navy in Vietnam in the
CBU-558 cluster bomb. The CATFAE mine-
field clearing system is currently in deveiop-
ment, but it is still several years from produc-
tion. Other FAE weapons have been daveloped
with varying success, but none have been de-
pioyed. These inciude the FAESHED,
MADFAE, SLUFAE, HFS-l, HFS-il, BLU-95/B,
and BLU-96/B. Elsewhere in the West there
ssems to be little interest in developing FAE
Wweapons with no nNon-US programmes known
to the author, except for the Canadian
FALLON FAE line charge mina-cieanng
system. Persistent reports of Soviet FAE
weapons development and usa appear 10 be
conjecture based on hearsay or anecdotal evi-
dence, or extrapolations from normal Soviet
activities in chemistry and explostve dynamics.

HE = High Expicsive
FAE = Fuel-Air Expiosive

Table iV: Hard and
soft targets. blast
couplings, and blast
sources.

Table V: Safety
issues for soma FAE
fuels.

Quality Control
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The FAE "gap” sometmes alluded to is proba-
bly more a worse case fear than a hard reality.
in any event, the designation of Soviet or
Westen FAE weapons as “second generation”
or “third generanon™ considerably inflates the
harg reality which better suggests the exis-
tence of a “1-1/2" generation at best.

Deployment and Use

FAE weapons cevelopment has been
somewnat erratic over the years. Some of this
has onginated from misuncerstandings of the
FAE phenomena, some from the difficuit
weaponisation prodblem which 10 some degree
remains yet unsoived, and soma to the West's
fixation on Soviet tanks. the hardest of hard
targets. FAE, of course. is not weil matched
against hard targets, On the other hand, there
is now sufficient knowledge and experience to
successfully get on with the weaponisation. As
for Soviet tanks, the tactician would surely
acknowledge that there are additional targets
on the battlefield of comparabe importance
that are ideal soft targets for FAE. For ex-
ample. the loss of battalion Gl assets could ef-
fect the battle as much as the loss of all the
unit's tanks. Moreover, the global political pic-
tura is slowly changing. A study done by the In-
termaticnal Institute for Strategic Studies has
suggested that future combat i8 much more
likely to occur where hard, armoured targets
will be infrequent. but where soft targets will be

_the rule.

* FAE weapons are sufficiently novel that the
implications of ther existence should be ex-
amined. FAE fuel clouds envelop targeted
areas. Accorgingly, the FAE projectile need not
make a direct hit on the target to be effective.
For exampie, a riveted aircraft would be un-
harmed if a 227 kg HE bomb exploded five
metres away on the other side of the revet-
ment. A 227 kg FAE weapon set off at the
same distance would create a ten-metre radius
aerosol cloud enveloping part of the revetment
ang the enclosed aircrat which would be sev-
erely damaged by the cetonation. This means
that the CEP and guidance reguirements for

The BLU-73/8 FAE
bomblet (nght)
contains 33kg of
ethylene oxide.
Three BLU-73/Bs
are accommouvated
inside tha CBU-55/8
cluster bormb
(balow), the only
FAE wsapon ever
used in pattle in
significant numbers.

OV-10A BRONCO, carrying three CBU-55/8
FAE ciuster bornDs.

FAE delivery systems could be considerabty
eased. The cost consequences of such re-
duced requirements could be significant.

CATFAE. a mobile minefield clearing system
with 21 catapuit-launched rounds, each con-
taining 63 kg {139 pounds) of FAE fuel, will
penatrate conventional minefieids with such
ease and speed that it brings into question all
future tactics that rely on conventional mine
barriers. Moreover, the CATFAE roungs would
be highly effective against dismounted infantry
in dug-n squad and platoon postions.
Foxnocles and buildings provide very littie pro-
tection against an enveloping FAE cloud and
its biast etfects. A single round could have a
letnal radius of ten metres or more.

FAE as a demolition mine-cleanng weapon
was used in Vietnam to prepare helicopter
landing sites in the jungle by clearing foliage
and mines. FAE weapons used in this manner
give additonat fiexibility 10 helicopter oper-
ations.

This form of explosive could become the
most frequent weapon of choice in future con-
fiicts, because it is primanly a soft-target
weapons. Recent history suggests that the era
of big power wars may have ended. Whila nuc-
fear powers dare not attack each other, smalter
nations continue manoeuvring for advantage

vis-a-vis their neighbours and the iarger
powers, Conflict in such a context is more
likely to present soft rather than hard targets. It
is important to understand, however, that the
essential area weapon charactenstic of FAE
Jves one relativiey fittle capacity to dis-
snminate batween targets and, therefore, pre-
siudes its efficacy in operations directly among
<l populiations.

The future of FAE and its weaponisation will
aepend very much on ts assassed ulility as 2
~oral system within the combat requirements of
‘ng West. [t has potential in the ciassical

_ combat context or any combat where there are

.gentfiabla soft targets. The most productive
nsture developmantal atforts will probably be in
the direction of weaponisation

and the creation of seif-detonating @

&oain




A fuei-air explosive (FAE) is, by definition, 8 detonable material that gets most, or all, of its
required oxygen from the air. Two aimost unique propertias of FAE are that it carries little or
no oxygen with it, thereby giving it good weight efficiency, and that the detonation occurs
over a significant area thereby generating a greater impuise than with a point detonation
characteristic of conventional high explosives. Exceptions to the latter point, that will not
be discussed in detail here, are dispersed, conventional high explosive powders, and

nuciear expicsives.

Reports of Soviet use of FAE in Afghamistan
have revived interest in FAE weapons by the
US miltary after several years of relative neg-
lect. The zenith of US development may have
been reached in January 1973 with the detona-
tion of an FAE device next to the de-
commissioned  destroyer  escort, USS
MCNULTY, which eventually caused it to sink.
However. at least 13 years eartier work was in
progress at the China Lake Naval Weapons
Center which, by the late 1960s, led to oper-
ational tests in Vietnam angd the gesign of the
CBU-55B containing 3, BLU-TV/B FAE
bombas. Since the late 1970s interest in FAE
weapons has geclined except for the CATFAE
minefisld cisanng system and the stillbom
SLUFAE, also intended for mine cleanng. What
are fuel-air explosives. how do they work, and
why have they atemately excited and dis-
appointed the miltary community? In this ar-
ticte we wilt try to answer these questions as
well as adcress the issues of weapconisation,
and tactcal application

Mr. Lavoie is & Oefonce snalyst for the Dafenss
Systerms Group of Honsywedi inc., in Minnesola.
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Technical Background

Precisely as tha name implies, fuel-air ex-
plosives are explosives that rely on oxygen in
the air as the primary source of the indispens-
able oxidizing agent. Several early references

The latest operational application of FAE is
the CATFAE (Catapult-Launched FAE)
mine-clearing system, currently under
davelopment for the USMC.

in the [terature otherwise, are incomect. For
example, FAE detonation in space is a contra-
diction in terms. Otner earty references to FAE
“buming” in an oxygen-free environment are
beside the point, since “buming™ and “detona-
tion" are not the same thing. Burning is “slow”
owdation (rusting iron is even slower yet) while
detonation 15 very quick, propagating through
the reacung medium at velocities of several
kilometres per second.’ The fuel-air explosion
process contrasts to that of conventional high
explosives., such as TNT, which carry adequate
oxygen already attached to the explosive
molecule {Figure 1}. It should be noted. how-
ever, that the energy outpul of conventional
high expiosives can be boosied by acaing oxi-
dizer if their molecules are naturally oxygen
tean (TNT). or by agding a requcing agent such
as aluminum, if fuel lean (ammonium nitratel. In
some cases the acaitional oxidizer can come
rom the an just as with FAE. Inceed. some of
these explosives, when dispersed as powaoers.
are coming (o be grouped with FAE ang other
nigh 1mpuise explosives unger the name of en-
nanced blast munitions (EBM).

Zuel-ar explosives are more weight efficient
han conventional explosives since they obtain
her oxygen from the air. Figure 1 Shows that
42 % of the wesght of TNT is due to the oxygen
1t must carry with it while 41 and 47 % of the
weight of the consumabies (fuel and oxygen:
1, respectively, propyiene oxide/air  or
aluminum dust/air explosions, comes from the

* Some FAE fuefs. for example ewhylene and Bro-
pylene oxides. have an oxygen atom in the molecule
and. noeeg, can exolhermaily cecompose n (he
absence of ar. but they don't getonate. Alsg contrary
to some references in the defence literature, many
FAE fusis are relalively benign @.g. kerosens.

SLUFAE was an eartier US arternpt at FAE
for mine-clearing purposes.




2+ and is ot caried with the explosives. Ac-

_cordingly, weignt for weight propylene oxide

and aluminum release 7.9 and 7.4 times as
much energy as TNT (Tabie 1.

There are many possible FAE fuels, but
practical onsiderations such as safety quickly
reduce the list. The unclassified iist of known
detonable FAE fuels is not very large. Hydro-
carbons are the most numerous. Table Il lists
some of those that have been demonstrated to
detonate as well as including non-hydrocarbon
fuels. indeed, hydrocaroons aftracted early
civil attention to the FAE phenomenon be-
cause of accidents in the petroleum industry.

Arrangement of a
CATFAE vehicle
(AAVP-7A1 hull).

Below: Fig. 1:
ldeaiised chemicai
reactions of
exploding TNT and
FAE fuels.
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Table I: Specific
energy of some FAE
fuels.

No theory of detonation ex:ists that can pre-
dict the detonanility of a potentiali FAE mat-
erial. Many fuels will bum (deflagrate} without
detonating. Others will onty detonate if suitably
excited by a powerful encugh source, and
some will detonate quite easily. The critical de-
tonation energy depends on the type of fuel,
the fuel particte or drop size if it is solic or
liquid, the energy deposition rate (power), the
tuel-gir ratio, and, to a lesser axtent, the tem-
pearature and humidity. A useful rule of thumb is
that an FAE detonator shouid contain a con-
verttional axpicsive mass about 1 % of the FAE
mass.

FAE as Weapons

The weaponisation of fuel-air explosives
wouid be greatly simpiified if 2 good way could
be found 1o causa the fusl to seif detonate at
the right moment. Thus far research in this area
has baen oniy shghtly successhul with tairty im-
practical resufts achieved by injecuon of highty
rsactive fluorine or bromine trifioride into the
fuel cioud causing detonation. Some progress
is also being mace with autodatonating gelied
fueis.
Apart from nuclear weapons, pure biast
woapommbe('medbysomemthedofm
community to be relatively ineffective uniess
sugmented with penetrators, fragmentation,
incendiary, or other damage-producing
agents. Neverthaiess, FAEs are effective pre-

MERery Technology - MLTECH - /80

cisely because of their biast. To understand
this apparent contradiction it is necessary to
use more exact terms than “blast” anda to relate
these new terms 10 target vuinerability.

The blast produced by any expiosive can be
charactensed by peak overpressure and im-
puise” at a given distance from the centre of
the detonation. Overpressure 15 the pressure
increase above normal amtient caused Dy the
heated and expanding products of the explos-
tve chemical reaction. At a pont some dis-
tance from the blast ongin the passing blast
wave will cause the pressure to abruptly in-

Fig. 2: Pulse shape in space and time of
blast over pressure.

crease from ambient to some peak value. then
decay relatively slowly back to ambient. The
greater the distance from the ongin of the
blast, the less the peak overpressure of the
passing wave (Figure 2). Impuise at these
same measurement points is the product of
the overpressure and the duration of its appli-
cation. If the overpressure occurred as a
square wave, the impulse would be calculated
as just overpressure times its durauon. But
overpressure decays exponentially, so its
waveform appears more triangular than
sguare. Accordingly. an exact expression for
impuise requires the time integration of over-
pressure (| = 7 P dt.} However, in some cases it
is adequate to assume the overpressure puise
is shaped like a ignt triangle and compute the
impulise as the area of the triangle (i = 0.5 PY)

* The lerm “impuisa.” is usea here &S it is generarh
usaqd 1n the biast and vuinecbiiity literature. whicr: 1s
stnctly speaking, npuise per unt area. Of course.
true impuise is the tme ntegral of force.
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whers “t" is the decay time constant. There are
several factors that establish the duration of
the overpressure puise, and hence the im-
pulse, inciuding the quantity. energetics,
spatial distribution of the expleding material,
and the distance from the centre of the expio-
sion. Useful approximations for computing
FAE overpressure and impulse are given in
Table Il

Blast waves load targets through diffraction
and drag coupling. Targets are damaged in
diffraction loading because of the pressure dif-
ferences that appear across them as the blast
wave passes. The coupling is cptimum when
the biast wave duration 18 iess than ons fourth
the natural vibration peniod ot the target. Light-
weight targets have short penocs. This implies
short, high-pressure blasts are needed to
damage them, since the penod is proportional
to the square root of the target mass. Accorg-

Above: This
Vietnam-era photo
depicts a
SKYRAIDER carrying
14 CBU-55/B FAE
bombs.

Ethylens
Ethylene Oxide
Heplane
Kercsane
Methane Tabie 1I: Some
b Propane possible FAE fugls
that have been
. Propybm‘ successfully
; Propylens Oxide detonated.

2. o

ingly, ditfraction-gominated coupiing is most
effective against overpressure sensitive tar-
gets

Targets are damaged by drag loading be-
cause of the drag resistance to the air moving
rapicly over them, Drag load damage in-
creases in proportion to the duration of the
blast. Since impulse is the product of over-
pressure and time, it is clear that imputse dom-
inated blast loading is most effective against
drag-sensitive targets. Drag-sensitive targets
are usually considered "soft,” while diffraction-
sensitive targets are usually consicered “hard”
(Table V).

Many targets are wulnerabie to both ditfrac-
tion and drag icads. For example, an auto-
mobile exposed to a blast with its windows
closed might have its roof crushed and
windows broken by ditfraction loads, while its
radio antenna is tom off ana the vehicle rolled
over by drag loads.

FAE weapons, with their relatively long im-
puise and relatively fow biast overpressure, are
ideally best matched to soft targets. Aircraft,
unreinforced buildings, missies of all kinds,
trucks and other unarmoured motor vehicies,
radar and communications antennas. and
troops are soft. Lightly armoured compat ven-
icies, APCs and the like, reinforced buildings.
concrate bunkers, artillery, and tanks vary frem
intermeciate to hard. and accordingly may not
be suitabie FAE targets. However, one should
mot overiook the possibility of attacking the
soft sub-systems mounted on hard targets.
For example, tanks and AFCs could be render-
ed virtually useless Dy cestroying their an-
tennas and externai stores.

Any target, hard or soft. requires a cenain
minimum or critical impulse and peak cver-




B

Fig. 3a: Target k.. v° N
pressura/impuisa £ tame
wuiberabiivy. |©, -

pressure to be damaged. Once having satis-
fied these minimum requirements any combin-
ation ol impulse and overpressure will do the
job. This information can be very conveniently
presented in a PA vuinergbility diagram, as
shown in Figure 3a. The curve in Figure 3a
separates the vuinerabie and invuinerabte P/l
domains for a given target. Every target has its
own curve. The harcer the target, the more the
curve moves up and to the right, reflecting
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greater minimum impuise and overpressure for
assured destruction. it is often not practicable
to caicuiate the curve, even with a large com-
puter, aithough it can be computed for some
simpie systems. The curve is more frequently
defined by a combination of expenmentat and
computational technigues.

Figure 3a represents a hypothetical soft
structure vuinerability. Figure 3b shows the P/l
curves for hypotnetical soft ang hard struc-
tures together with a piot of P and { as a func-
target vulnerability to  tion of blast radius for 227 kilograms of TNT
227kg of TNT and and 227 kilograms of a typical FAE fuel. Figure
FAE. 3b instantly shows the advantages and lim-
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Fig. 3b: Companson
of hard and soft
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Fig. 4b: Impuisa for 1KT nuclear,
TNT, FAE.

time. A generic FAE bomb (Figura 5) might be a

right circular cylinder, two or three diameters
long, filled with tuei and fuzed to burst open at
a suitabia distance above the ground. A burs-
ter charge of high expiosive, weighing 1 or 2%
of the tuel weight, is located in a tube along the
bomb's cemral axis. The purpose of the burs-
ter charge is to braak open the container and
distribute the fusi in 8 cloud such that the
volume of air fillsd will contain sufficient
oxygen for complate fuel oxidization. This
volumne s determined by the quantity and reac-
tion chomin-y of fuel (Figure 1). When the fuel

is a figquid the burster charge also serves the
purpose of shattenng the liguid into a micro-
mist aerosol so that it can be agetonated. This is
an extremely imponant and delicate function
since the getonability of the fuel is determined,
in pan, by the aerosci dropiet size.

The aerosol is detonated once the cloud
reaches the diameter for the optimum fuel-ar
ratio {(also kown as the staichiometnc ratio).
The “second event” detonator, like the burster
charge, is aiso a high explosive weighing a few
percent of the fuel weignt. The reason the bur-
ster charge doesn't detonate the fuel while the
detonator goes. is that the fuel is not in a det-
onable aerasol form at the “first event.” The
detonator is ejected from the genenc bombd
shortly before the burster charge goes off. It s
siowed with a suitable drag device sO that it
anters the aerosol cloud ano detonates at the
instant of fuel-arr stoichiometry. An FAE weap-
on would be consideraply more simpie if this
obviously very tricky procedure could be avos-
dec by finding some way to get the fuel to self
detonate the instant it reaches stoichiometry.

The elects of weather on FAE cloud forma-
tion and detonaton are not very well known.
Apart from some anecgotal data it has been
estabiished that temperature ang humidity can
change the required detonation energy by as
much as 10 or 20 %.

Fig. 5: Ganeric FAE
bomb.

Safety is an important issue in weaponising
FAE. Some fuels, such as aluminum powaer,
are benign, while others may be corrosive, un-

stable, inflammable, explosive, or toxic. Table.

V lists a few of these factors for some setected
fueis. Sometimes a fuel can be selected to re-
duce some of these hazards. For example, the
high volatility of ethylene oxide makes it dif-
ficult to contain safely at elevated tempera-
tures. Propylene oxide is, nevertheiess, a
somewhat difficult matenal to handle and
store, and could pose a fire hazard if the con-
tainer leaked. inceed, liquid fuels, in general.
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are often looked upon as more hagardous than
solids because of potential leakage problems.
Geling the liquid is one potential method of
dealing with this difficulty that is currently
being investigated.

The weaponisation of FAES is also some-
times controlied by the selection of the defivery
container. If the container is already deter-
mined. for axample, the weapon must be con-
tained in a stancard 226 kg (500 pound) bomb
assemply, or in 8 155mm artillery shell, then
the quantity of fuel may be either weight or
volume limited. Such constraints can give
added importance to high-density fuels.

The onty US FAE weapon ever fieided in
battie in significant numbers was the BLU-73/
B contaning 33 kg (72 pounds} of ethylene
oxids. It was used by the navy in Vietham in the
CBU-55B dluster bomb. The CATFAE mine-
field cleanng system is cumently in Cevelop-
ment, but it is still several years from produc-
tion. Other FAE weapons have been developed

| with varying success, but none hava been de-
ployed. These inciude the FAESHED,
MADFAE, SLUFAE, HFS-I, HFS-Il, BLU-95/B,
and BLU-96/B. Elsawhere in the West there
seoms to be iitte interest in developing FAE
weapons with no non-US programimas known
to the author, sxcept for the Canadian
FALLON FAE line charge mi ;

mine-cieanng
systern. Persistert reports of Soviet FAE
weapons deveiopment and use appear to be
conjecture based on hearsay or aneccotal evi-
dence, or axtrapoiations from normal Soviet
activities in chemistry and axplkosive dynamics.

HE = High Explosive
FAE » Fusi-Ait Expiosive

Table iIV: Hard and
soft targets. blast
couplings, and blast
sources.

Teble V- Safety
issues for some FAE
fuels.

Quzlity Controt
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Radiography / Radioscopy of
Artillery Shells, Monars, Mines, Torpedos or Solid Propetiant
Motors.
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The FAE "gap” sometimes alluded to is proba-
bly more a worse case fear than a hard reality.
In any event, the designation of Soviet or
Westen FAE weapons as “second generation”
or “third generation” considerably inflates the
harg reality which better suggests the axis-
tence of a “1-1/2” generation at best.

Deployment and Use

FAE weapons deveiopment has been
somewnat erratc over the years. Some of this
has cnginated from misunderstandings of the
FAE phenomena, some from the gifficult
weaponisation problem which to some cegree
remains yet unsoived, and some 10 the West's
fixalion on Soviet tanks, the hardest of hard
targets. FAE. of course, is not weil matched
against hara targets. On the other nand, there
is now sutficient knowledge and experience to
successfully get on with the weaponisation. As
for Soviet tanks, the tactician would surely
acknowiedge that there are additional targets
on the battefield of comparabe imporance
that are ideal soft targets for FAE. For ex-
ample. the loss of battalion CI assets could ef-
foct the battle as much as the ioss of all the
unit's tanks. Moreover, she global poiitical pic-
ture 1s siowly changing. A study done by the In-
temational Instituta for Strategic Studies has
suggested that future combat is much more
likely to occur where hard, armoured targets
will be infrequent, but where soft targets will be

_the rule.

FAE weapons are sufficiently novel that the
implications of their existence should be ex-
amined. FAE fuel clouds enveicp targeted
areas. Accordingly, the FAE projectiie need not
make a direct hit on the target to be effective.
For example, a fiveted aircraft would be un-
harmed it a 227 kg KE bombd exploded five
metres away on the other side of the revet.
ment. A 227 kg FAE weapon set off at the
same distance would create a ten-metre radius
aerosol cioud enveloping part of the revetment
and the enciosed aircraft which would be sev-
erely damaged by the gdetonation. This means
that the CEP and guigance requirements for

OV-104 BRONCO, carrying thres CBU-55/8
FAE cluster bombs.

FAE delivery systems could be considerably
eased. The cost consequences of such re-
duced requirements couid be significant.

CATFAE, a mobile minefield clearing system
with 21 catapult-launched rounas, each con-
taining 63 kg (139 pounds) of FAE fuel, will
penetrate conventional minefields with such
ease and speed that it brings into question all
future tactcs that rely on conventional mine
bamers. Moreover, the CATFAE rounds would
be highly effective against dismounted infantry
in dug-n squad and piatoon POSTIONS.
Foxhoies ang buiidings provide very httie pro-
{ection against an enveioping FAE cloud and
its blast eHects. A single round could have a
lethal radius of ten metres or Mare.

FAE as a demolition mine-Cleanng weapon
was used in Vietnam to prepare helicooter
landing sites in the jungie by cleanng foliage
and mines. FAE weapons used in this manner
give adaitional flexibility to helicopter oper-
ations.

This form of explosive could become the
most freguent weapon of choice in future con-
flicts. because it is pnmarly a soft-target
weapons. Recent history suggests that the era
of big power wars may have ended. Whila nuc-
lear powers dare not attack each other, smaller
nations contnue manoeuvring for advantage

The BLU-73/8 FAE
pombiet (right)
contains 33kg of
ethylene oxide.
Three BLU-71/Bs
are accommodated
inside the CBU-55/8
cluster bomd
{baiow), the onty
FAE weapon ever
usad in battie n
significant numbers.
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vis-a-vis their neighbours and the larger
powers, Conflict in such a context is more
likety 10 present soft rather than hard targets. It
‘g important to understand, however, that the
essennal area weapon characteristic of FAE
gves one relativiey Iittle capacity to dis-
snminate batween targets and, therefore, pre-
~tuces its efficacy in operations directly among
=rvi populatons.

<ha tuture of FAE and its weaponisation will
cepend very much on its assassed utility as a
oz system within the combat requiremants of
-na Wast. It has potentidl in the classical
sombat context or any combat whare there are
Gentmable soft targets. The most productive
4 1ture cevelopmental efforts will probably be in
the dirsction of weapomsation
and the creation of saii-detonating
fusis.
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Multi-purpose weapon MW-1

MW-1 is a conventional multi-purpose weapon
system with different submunition types against
armoured and mechanized surface targets as weil

as airbases.

MW-1 has been developed by RTG, - a subsidiary
of MBB and Diehl, - in use at the German Air
Force since 1984 and at the italian Air Force

since 1987.

Types of submunition
.

MUSAa MIFF

Multi-tragment mine for
combatting semiharg ang
mixed area targels.

Anti-tank mine with a speci-
fic sensor to detect and (0
destroy a tank passing over.

STABO

Aunway cratering bomb for
destroying runways & taxi-
ways of airbases.

KB-44

Shaped charge bombiet for
desiroying armoured area
targets with additional frag-
mentation effect

MUSPA

Multi-fragment area denial
mine lor combatting rolling,
starting or langing aircratts.

RTG

Raksten Technik Gessilachaft
mbH, Obsrweg 8,

D-8025 Unierhaching

Phone (0891 6§1101-238
Telex 5216632 g d



Explosives,
fand Effects "

"

A fuel-air explosive (FAE) is, by definition, a detonable material that gets most, or all, of its
required oxygen from the air. Two almost unique properties of FAE are that it carries little or
no oxygen with it, thereby giving it good weight efficiency, and that the detonation occurs
over a significant area thereby generating a greater impulse than with a point detonation
characteristic of conventional high explosives. Exceptions to the latter point, that will not
be discussed in detail here, are dispersed, conventional high explosive powders, and

nuciear explosives.

Reports of Soviet use of FAE in Afghanistan
‘have revived interest in FAE weapons by the
US miiitary after several years of relative neg-
iect. The zenith of US development may have
been reached in January 1873 with the detona-
tion of an FAE device next to the de-
commissioned  destroyer  escort, USS
MCNULTY, which eventually caused it to sink.
However, at least 13 years earlier work was in
progress at the China Lake Naval Weapons
Canter which, by the late 1960s, led to oper-
ational tests in Vietnam and the design of the
CBU-55/B8 containing 3, BLU-73/B FAE
bombs. Since the late 1970s interest in FAE
weapong has declined except for the CATFAE
minefield cleanng system and the stiilbom
SLUFAE, also intended for mine clearing. What
are fuel-air explosives, how do they work, and
why have they alternately excited and dis-
appointed the military community? In this ar-
ticle we will try 1o answer these questions as
weil as address the issues of weaponisation,
and tactical application

Mr. Lavoie is a defenca anatyst for the Defense
Systerns Group of Honaywedl Inc., in Minnesota.
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Technical Background

Precisely as the name implies, fuel-air ex-
plosives are explosives that rely on oxygen in
the air as the primary source of the indispens-
able oxidizing agent. Several early references

The latest operational application of FAE is
the CATFAE (Catapuit-Launched FAE)
mine-clearing system, currently under
deveiopment for the LUSMC.

in the literature otherwise, are incorrect. For
example, FAE detonation in space is a contra-
diction in terms. Other earty references to FAE
“bumning” in an oxygen-free environment are
beside the point, since “bumning™ and “detona-
tion" are not the same thing. Buming is “slow”
oxidation {rusting iron is even slower yet} while
detonation is very quick, propagating through
the reacting medium at velocities of several
kilometres per second.® The fuei-air explosion
process contrasts to that of conventional high
expiosives, such as TNT, which cany adequate
oxygen aiready attached to the explosive
molecule (Figure 1). it shouid be noted, how-
ever, that the energy output of conventional
high explosives can be boasted by adding oxi-
dizer if their molecules are naturaily oxygen
lean (TNT), or by adding a reducing agent such
as aluminurm, if fuel lean (ammonium nitrate). In
some cases the additionai oxidizer can come
from the air just as with FAE. Indeed, some of
these axplosives, when dispersed as powders,
are coming to be grouped with FAE and other
high impuise explosives under the name of en-
hanced blast munitions (EBM).

Fuei-air expiosives are more weight efficient
than conventiona expiosives since they obtain
their oxygen from the air. Figure 1 shows that
42 % of the weight of TNT is due to the oxygen
it must carry with it while 41 and 47 % of the
weight of the consumables (fuel and oxygen)
in, respectively, propylene oxide/air or
aluminum dust/air expiosions, comes from the

* Some FAE fueis, for example ethylene and pro-
pylene oxides, have an oxygen atorn in the moiecule
ang, indeed, can exothermally decompase in the
absence of air, but they don’t detonate. Also contrary
fo some references in the gefance litarature, many
FAE fusis are reiatively benign e.5. kerosene,

SLUFAE was an earlier US attempt at FAE
for mine-clearing purposes.
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zir and is not carried with the explosives. Ac-
cordingly, weight for weight propylene oxide
and aluminum release 7.9 and 7.4 times as
much energy as TNT (Table I)..

There are many possible FAE fuels, but
practical onsiderations such as safety quickly
racuce the list. The unclassified list of known
detonable FAE fuels is not very large. Hydro-
carbons are the most numerous. Table H fists
some of those that have been dernonstrated to
detonate as well as including non-hydrocarbon
fuels. Indeed, hydrocarbons attracted early
civil attention to the FAE phencmenon be-
cause of accidents in the petroleum industry.

Arrangement of a
CATFAE vehicle
(AAVP-7AT huli).

Below: Fig. 1:
Idealised chemucal
reactions of
exploaing TNT and
FAE fuels.

TNT:

42kp Oz

s

T CaHe0+40;+3C01¢ 0RO . "
U 85 kg trom the sir .

St

IR

. t . o
2CuHn + 30+ 20C0p + 22 M0
——

34 kg trom the air

Alsninum Powder: - < C

4 A6+ 30 =+2 AR 0y
T eakgremmase .

C 12.Ca Hy Cha (NOly — 14 G0z + 24 CO + 48C ¢ 17 Na's 20 Hg o THy 2 Wity
Nt . -

EEE

Table I: Specific
energy of some FAE
fuels.

No theory of detonation exists that can pre-
dict the detonability of a potential FAE mat-
erial. Many fuels will bum {deflagrate} without
detonating. Others will onty getonate if suitably
excited by a powerful enough source, and
some will detonate quite easily. The critical de-
tonation energy depends on the type of fuel,
the fuel particie or drop size if it is solid or
liquid, the energy depaosition rate {(power), the
fuel-air ratio, and, to a iesser extent, the tem-
perature and humidity. A useful rule of thumb is
that an FAE detonator should contain & con-
vantional explosive mass about 1 % of the FAE
mass.

FAE as Weapons

The weaponisation of fuel-air explosives
would be greatly simplified if a good way couild
be found to cause the fuel to sell detonate at
the right moment. Thus far research in this area
has been only stightly successful with fairly im-
practical results achieved by injection of highty
reactive fluorine or bromine trifloride into the
fuel cloud causing detonation. Some progress
is also being made with autodetonating gelled
tuels.

Apart from nuclear weapons, pure biast
weapons are believed by some in the defence
community to be relatively ineflective uniess
augmented with penetrators, fragmentation,
incendiary, or other damage-producing
agents. Nevertheless, FAEs are effective pre-
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cisely because of their biast. To understand
this apparent contradiction it is necessary 1o
use more exact terms than “blast™ and to relate
these new terms to target vuinerability.

The blast produced by any explosive can be
characterised by peak overpressure and im-
pulse® at a given distance from the centre of
the detonation. Overpressure is the pressure
increase above normal ambient caused by the
heated and expanding products of the expios-
ive chemical reaction. At a point some dis-
tance from the blast origin the passing blast
wave will cause the pressure 1o abruptly in-

Fig. 2: Pulse shape in s;iace and time of
blast over pressure.

crease from ambient to some peak value, then
decay relatively siowly back to ambient. The
greater the distance from the orngin of the
blast, the less the peak overprassure of the
passing wave (Figure 2). impulse at these
same measurement points is the product of
the overpressure and the duration of its appli-
cation. If the overpressure occured as a
square wave, the impuise wouid be caiculated
as just overpressure times its duration. But
overpressure decays exponentially, so its
waveform  appears more triangular than
square. Accordingly, an exact expression for
imputse requires the time integration of over-
pressure (| = 7 P at.) However, in some cases it
is adequate to assume the overpressure puise
is shaped like a right triangle and compute the
imputse as the area of the triangle (| = 0.5 Pt)

* The tarm *impuiss,” is usad here as it is penerally
usad in the blast and vuinersbility Kerature, which is
stnictly speaking, impuise per unit arsa. Of course,
true ampuiss is the bime integral of force.

‘OVERPRE WSURE




where “t" is the decay time constant. There are
several factors that establish the duration of
the overpressure puise, and hence the im-
puise, including the quantity, energetics,
spatial distribution of the exploding material,
and the distance from the centre of the expio-

*sion. Useful approximations for computing’

FAE overpressure and impulse are given in
Tabie 1.

Blast waves load targets through diffraction
and drag coupling. Targets are damaged in
citfraction loading because of the pressure dif-
ferences that appear across them as the blast
wave passes. The coupling is optimum when
the blast wave duration is less than one fourth
the natural vibration period ot the target. Light-
weignt targets have short penods. This impties
shon, high-pressure blasts are needed to
damage them, since the penod is proportional
to the square root ¢f the target mass. Accord-

SKYRAIDER carrying
14 CBU-55/B FAE
bombs.

Tabis II: Some
possible FAE fueis
that have been
succassiully
detonated.

‘ingly, diffraction-dominated coupling is most
effective against overpressure sensitive tar-
gets

Targets are damaged by drag loading be-
cause of the drag resistance to the air moving
rapidly over them, Drag load damage in-
creases in proportion to the duration of the
biast. Since impuise is the product of over-
pressure and time, it is clear that impulse dom-
inated blast lcading is most effective against
drag-sensitive targets. Drag-sensitive targets
are usually considered “soft,” while diffracticn-
sensitive targets are usually considered “hard”
(Table V). :

Many targets are vuinerable to both diffrac-
tion and drag loads. For example, an auto-
mobile exposed to a blast with its windows
closed might have its roof crushed and
windows broken by diffraction loads, while its
radio antenna is tor off and the vehicle rofled
over by drag loads.

FAE weapons, with their reiatively long im-
puise and relativety low blast overpressure, are
ideally best matched to soft targets. Aircraft,
unreinforced buitdings, missiles of all kinds,
trucks and other unarmoured motor vehicles,
racar and communications antennas, and
troops are soft. Lightty ammoured combat veh-
icles, APCs and the like, reinforced buildings,
concrete bunkers, artillery, and tanks vary from
intermediate to hard, and accordingly may not
be suitable FAE targets. However, one should
not overiook the possibility of attacking the
soft sub-systems mounted on hard targets,
For example, tanks and APCs could be render-
ed virtually useless by destroying their an-
tennas and extemal stores.

Any target, hard or soft, requires a certain
minimum or critical impulse and peak over-




. assure to be damaged.-Once having satis- .
fed these minimum requirements any combin-
ation of impulse and averpressure will co the
job. This information can be very conveniently
presemed in a P/ vuinerability diagram, as
shown in Figure 3a. The curve in Figure 3a
separates the vuinerable and invulnerable P/l
domains for a given target. Every target has its
own curve. The harder the target, the more the
curve moves up and to the right, reflecting

Fig. 3a: Target
pressure/impulse
vuinerabilivy.

greater minimum impulse and overpressure far
assured destruction. It is often not practicatle
to calculate the curve, even with a large com-
puter, although it can be computed for some
simple systems. The curve is more frequently
defined by a combination of experimental and
computational techniques.

Figure 3a represents a hypothetical soft
structure vuinerability. Figure 3b shows the P/l

Fig. 3b: Comparnison curves for hypothetical soft and hard struc-

of hard and soft tures together with a plot of P and | as a func-
target vuinerability to tion of biast radius for 227 kilograms of TNT
227kg of TNT and and 227 kilograms of a typica! FAE fuel. Figure
FAE. 3b instantty shows the advantages and limi-

+—Mission: National Defence——

The right to live in ‘
freedom includes the Partner Of
responsibilitytodefend  the modern
freedom against attaci. o
in= hignly tecmnological YOCKet artillery
world, the fulfillment of
this responsibility Dieh! develops and
requires complex manufactures rockets
weapon systems. which show optimized
effects against
armoured squadrons -
MLERS I at maximum weapon
Final integration of range.
the warhead and
the rockets
Diehi GmbH & Co.
Ammuniticn Division
Fischbachstr. 16
D-B8505 Réthenbach/Pegnitz
West Germany
Tel:0911/506-1
MLRS I Telex: 62259141 md d
Development of the warhead  Telefax S08-2670
with terminally quided
submunitions by a

guadrilateral team.
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* tations of FAE over conventional high ex-
plosives. FAE wili not destroy the hard struc-
ture since the FAE curve and hard structure
curve do not intersect. Moreover, increasing
the amount of FAE fuel will not help since that
merely extends the FAE curve to the right
{peak overpressure for an FAE fuel is indepen-
dent of the quantity of fuef). On the other hand,
the FAE and soft structure curves inersect at
30 metres on the FAE curve. Thia is the lethal
radius for this FAE weapon. Compars this to
the 12-metre intarsection point on the TNT
curve. Clearty the lethal radius against this soft
structure for 227 kilograms of FAE exceeds
that of an equal quantity of TNT by two and a
half times.

Tabile lil: FAE biast
computation.

i T e s
Gy - |

. o s

Fig. da: Overpressura for 1KT nuciear,
TNT, FAE.

A comparison of overpressure and impuise
versus distance for equivaient/egual masses of
nuclear, TNT, and FAE explosives immediatety
reveals the advantages and limitations of FAE
weapons (Figure 4a, b). The peak over-
pressures available in the near field from FAE
are substantially less than those of TNT and
nuclear weapons. This significantly limits the
effectiveness of FAE against hard targets. On
the other hand, Figure 4b shows that the FAE
impulse is about a hundred times greater than
TNT. This gives FAE a much greater effective-
ness against soft targets. it is also appropriate
here to point out that FAE is not a substitute for
nuclear weapons as has sometimes been re-
ported in the literature. it might be used on a
small scale to simulate nuclear weapons ef-
fects for vulnerability testing, but the gquantity
of FAE fuel needed to substitute for a tactical
nuclear weapon of even fractional kiloton yield
does not suggest a very practical device. An
FAE weapon with a yield equivalent to a 0.1
kiloton nuclear weapon would weigh 45,000
kilograms and have a volume of 52 cubic
metres.

The weaponisation of FAE is dominated by
the challenges of creating the proper fuel air
mixture and then detonating it at the correct

68

Fig. 4b: Impulse for 1KT nucisar,
TNT, FAE.

is a liquid the burster charge also serves the
purpcse of shattening the iiquid into a micro-
mist aerosol 30 that it can be detonated. This is
an extremety important and delicate function
since the detonability of the fuel is determined,
in part, by the aerosol droplet size.

The aercsol is detonated once the cioud
reaches the diameter for the optimum fuel-air
ratio (also kown as the stoichiometric ratio).

" The “second event” detonator, like the burster
charge, is aiso a high expiosive weighing a few
percent of the fuel weight. The reason the bur-
ster charge doesn't detonate the fuel while the
detonator does, is that the fuei is not in a det-
onable aerosol form at the “first event.” The
detonator is ejected from the generic bomb
shortly before the burster charge goes off. It is
slowed with a suitable drag device so that it
enters the aerosol cioud and getonates at the
instant of fuel-air stoichiometry. An FAE weap-
on would be considerably more simple if this
obviously very tricky procedura could be avor-
ded by finding some way to get the fual to seif
detonate the instant it reaches stoichiometry.

The etfects of weather on FAE cloud forma-
tion and cetonation are not very weil known.
Apart from some anecdotal data nt has been
established that temperature and humidity can
change the required detonation energy Dy as
much as 10 or 20 %.

Fig. 5: Generic FAE
bornb.

time. A generic FAE bomb (Figure 5) might be a
right circular cylinder, two or three diameters
long, filled with fuet and fuzed to burst open at
a suitable distance above the ground. A burs-
ter charge of high explosive, weighing 1 or 2%
of the fuel weight, is located in a tube along the
bomb's central axis. The purpose of the burs-
ter charge is to break open the container and
distribute the fuel in a cloud such that the
volume of air filled will contain sufficient
oxygen for compiete fuel oxidization. This

volume is determined by the quantity and reac- .

tion chemistry of fuel {Figure 1). When the fuel

Safety is an important issue in weaponising
FAE. Some fueis, such as aluminum powder.
are benign, while others may be corrosive, un-
stable, inflammable, expicsive, or toxic. Table
V lists a few of these factors for some selected
fuels. Sometimes a fuei can be selected to re-
duce some of these hazards. For example, the
high volatility of ethylene oxide makes it dif-
ficult to contain safely at elevated tempera-
tures. Propylene oxide is, nevertheless. 3
somewhat difficult material to handle anc
store, and could pose a fire hazard if the cor-
tainer leaked. Indeed, liquid fuels, in generz!. '
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are often looked upon as more hagarcous than
solids because of potential leakage problems.
Geling the liquid is cne potential method of
dealing with this gifficutty that is currently
being investigated.

The weaponisation of FAEs is also some-
‘imes controited by the selection of the delivery
container. i the container is already deter-
mined, for exampte, the weapon must be con-
tained in a stancarg 226 kg (500 pound) bomb
assaembly, or in a 155mm artiliery shell, then
the quantity of tuei may be either weight or
volume limited. Such constraints can give
acded importance to high-density fuels.

The onty US FAE weapon ever fieided in
battie in significant numbers was the BLU-73/
B containing 33 kg (72 pounds) of ethylene
oxide. It was used by the navy in Vietnam in the
CBU-55/B cluster bomb. The CATFAE mine-
field clearing system is currently in deveiop-
ment, but it is still several years from produc-
tion. Other FAE weapons have been developed
with varying success, but none have been de-
ployed. These inciude the FAESHED,
MADFAE, SLUFAE, HFS-I, HFS-Il, BLU-85/B,
and 8LU-96/B. Elsewhere in the West there
seems 10 be little interest in developing FAE
weapons with no non-US programmes known
to the author, except for the Canadian
FALLON FAE line charge mine-ciearing
system, Persistamt reports of Soviet FAE
weapons development and use appaar to be
conjecture based on hearsay of anecdotal evi-
dence, or extrapotations from normal Soviet
activities in chemistry and axplosive dynamics.

HE = High Expiosive
FAE = Fugl-Air Explosive

Table IV: Hard and
soft targets, biast
couplings, and blast
sources.

Tabie V: Safety
issues for some FAE

Quality Control
Ordnance

Radiography / Radioscopy ot
Artillery Shells, Mortars, Mines, Torpedos or Solid Propeilant
Motors.

Varian LINATRON, the X-ray source for High Energy Radio-
graphy Facilities for Ammunition Filling Plants.

For further information call or write to:
Varian inlemational AG, Radiation Division
Steinhauserstrasse / CH-6300 Zug/ Switzerand

Tel. (042) 448844
Twx 868 841/ Fax (042) 4134 46
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The FAE “gap” sometimes aliuded to is proba-

bly more a worse case fear than a hard reality,
In any event, the designation of Soviet or
Westen FAE weapons as “second generation”

or “third generation” considerably inflates the ,

hard reality which better suggests the exis-
tence of a “1-1/2" generation at best.

Deployment and Use

FAE weapons development has been
somewhat erratic over the years. Some of this
has originated from misunderstandings of the
FAE phenomena, some from the difficutt
weaponisation problem which to some degree
refnains yet unsolved. and some to the West's
fixation on Sowviet tanks, the hardest of hard
targets. FAE, of course, is not well matched
against harg targets. On the other hand, there
is now sutficient knowledge and experience to
successfully get on with the weaponisation. As
for Soviet tanks, the tactician would surely
acknowlecge that there are additional targets
on the battlefieid of comparabe importance
that are ideal scft targets for FAE. For ex-
ample, the loss of battalion C3) assets couid ef-
fect the battie as much as the loss of ali the
unit's tanks. Moreover, the global poiitical pic-
ture is slowly changing. A study done by the In-
temnational institute for Strategic Studies has
suggested that future combat 15 much more
likely to oceur where hard, armoured targets
will be infrequent, but where soft targets will be
the rule.

RO

FAE weapons are sufficiently novel that the
implications of their existenca shouid be ex-
amined. FAE fuel clouds envelop targetec
areas. Accorgingty, the FAE projectils need not
make a direct hit on the target to be effective.
For example, a riveted aircraft would be un-
harmed if a 227 kg HE bomb exploded five
rmetres away on the other side of the ravet-
ment. A 227 kg FAE weapon set off at the
same distance would create a ten-metre radius
aerosol cloud enveloping part of the revetment
and the enclosed aircraft which wouid be sev-
erely damaged by the detonation. This means
that the CEP and guidance requirements for

The BLU-73/B FAE
bombiet (right)
contains 33kg of
ethylene oxide.
Three 8LU-73/Bs
are accommodated
inside the CBU-55/8
cluster bomp
(below), the only
FAE weapon ever
usad in battie in
significant numbers.

OV-104 BRONCO, carrying three CBU-55/8 r

FAE cluster bombs.

FAE delivery systems could be considerably
eased. The cost consequences of such re-
duced requirements could be significant.

CATFAE, a mobile minefield clearing system
with 21 catapurt-launched rounds, each con-
taining €3 kg (139 pounds) of FAE fuel, will
penetrate conventional minefields with such
ease and speed that it brings into question all
future tactics that rely on conventicnal mine
bamers. Moreover, the CATFAE rounds would
be highly effective against dismounted infantry
in dug-in sguad and piatoon positions,
Foxholes and buildings provide very little pro-
tection against an enveloping FAE cloud ang
its blast effects. A single round could have a
lethal radius of ten metres or more.

FAE as a demolition mine~-clearing weapon
was used in Vietnam to prepare helicopter
langing sites in the jungle by clearing foliage
and mines. FAE weapons used in this manner
give additionai flexibiiity to helicopter oper-
aw‘ ls-

This form of explosive could become the
most frequent weapon of choice in future con-
fiicts, because it is primarily a soft-target
weapons. Recent history suggests that the era
of big power wars may have ended. While nuc-
lear powers dare not attack each other, smaller
nations continue manoeuvring for advantage

vis-g-vis their neighbours and the larger
powers. Confiict in such a context is more
likety to present soft rather than hard targets. It
is important to understand, however, that the
essential area weapon characteristic of FAE
gives one relativiey little capacity to dis-
criminate between targets and, therefore, pre-
cludes its efficacy in operations directly among
civil populations.

The future of FAE and its weaponisation will
depend very much on its assessed utility as a
total system within the combat requirements of
the West. It has potential in the ctassical
combat context or any combat whers there are
identifiable soft targets. The most productive
future developmental efforts will probably be in
the direction of weaponisation
and the creation of setf-detonating @
fuets. '
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MONDAY, December 17, 1990

t A
group of newly arrived Marines
in Saudi Arabia expressed
fears of poison gas and said
they did not fully understand
their migsion -- but stressed
they were ready to fight any-
way. The Marines, f{rom Camp
Lejeune, N.C., said poison gas
is a horrible, slcw method of
death and said they were not
sure how well they would be
able to fight in protective
gear. There was apparent un-
certainty over their role in
Saudi Arabia. One said it was
a politicians war while an-
other said he thought he was-
n't fighting for coil but be=
cause Saddam Hussein invaded

another countzry. Most felt
that Women Marines did not
pull as much weight as male
Marines. (UPIL)

Z : The

Czechoslovaks are the smallest
ground contingent in the mul-
tinational force in Saudi Ara-
bia, but their presence is a
sign of tremendous change in
the world. The 170 Czechoslo-
vaks, who ferm a chemical de-
contamination wunit, completed
their deployment this weekend.
It is the first time in de-
cades that Czechoslovak troops
are serving outside the formex
East bloc. *We are here with
our small force to defend
peace in this area," said Maj.
Ivan Pavlov. "We are here to
cooperate with the Americans
and Saudis."” Pavlov said the
toppling of the communist gov-
ernment in his country means
the Czechoslovaks have a new
role to play in the world.
That includes cooperation with
the West. (AP)

OPPICTIAT, LRAVES PAKISTAN: A
senior U.S. defense official
Sunday ended a four-day visit
to Pakistan during which he
sought to reassure Pakistani
leaders of Washington’s desire
to maintain clese ties with
its Asian ally despite fears
Islamabad is developing nucle-
ar weapons. Assistant Secre-
tary of Defense Henry Rowen
held talks with senior Paki-
stani civilian and military
officials, including Army
Chief of Staff Gen. Aslam Beg
and Foreign Minister Yaqub
Khan during his trip. A state-
ment raleasaed by the U.S. em-
baasy said ' Rowen "emphasized
that the United States has not
changed its longstanding poli-

WIRE NEWS HIGHLIGHTSI

cy of close cooperation with
Pakistan on bilateral and re-
gional 4dssues." Pakistan ==
the third largest receiver of
U.S. aid -- is suspected of
pushing ahead with a nuclear
weapens program after the
flare-up in January with rival
India over the Rashmir region.
India exploded a nuclear de-

vice in 1374. (UPI)

: There
has never been another Hanuk-
kah like it: Jewish-American

sailors aboard the USS John F.
Kennedy in the Red Sea, light-
ing candles on menorahs as
they sail past countries tra-
ditionally hostile to Israel],
possibly inte war with an
avowed enemy of the Jewish
state. For the dozen or so
Jewish sailors abcard the Xan-
nedy, Hanukkah has been a time
to reflect. For Lt. Teby Ba-
caner, the air wing’'s flight
surgeon, the Persian Gulf cri-
8ig "demcnstrates that what-
evar kind of enmity our Arab
allies have for us, when the
United States goes somewhere,
we bring American values with
us and we practice them here."
In a
night of
Friedman,

Rabbi
the

Hanukkah,
chaplain for

sermen on the fourth-

CHENEY...from Pg. 2

Congress gives President Carlos Menem au. -
thority to keep the vessels in the gulf if war
breals out.

Menem, the only Latin American leader
to send troops to the gulf, sent Congress »
bill last week asking it to allow the navy ves-
sels to play a supporting role in an eventual
war

There were these other gulf-related de-
velopments:

8 The Red Cross said in Washington that
it has begun ing 375 pints of blood
weekly to the gulf, for use to treat Ameriean’
soldiers if needed. The shipments are partly’
intended as rehearsal for both the Red
Cross and the military in the event greater
amounts of blood are required latar. .

WA 24-yearold Marine Corps reservist
who refused to acrompany his unit when it
was called up for guif duty was arrested
Lance Cpl Erie Hayes was taken into custo-
dy by US marshals at his spartment on the
campus of Soutbern lllinois University in
Edwardavills where he is 3 psychology stu-,

dent.

Hayes, who bad applied for conscientions.
objector statua, had said that he did not
want to be “a pawn in America’s power play
for o profits in the Middie Fast”

sixth Fleet, said, *In this
momentous period of history,
these lights remain as a sym-
bol of hope, of justice, of
freedom and of peace.- {AP)

FO_MORE AID PROM JAPAN: Japan-
ese Pinance Minister Ryutaro
Hashimoto told a parliamentary
committee in Tokyo Monday that
the government had not been
asked for more aid in connec-
tion with the Persian Gulf
crisis and was not considering
any. "As long as the situation
in the Gulf does not change
drastically, such (extzra) con-
tributions are unnecessary,”
he sajd. Japan has pledged a
total of $4 billion in Gulf-
related aid -- $2 billion in
economic aid to Middle Eastern
countries affected by the em=-
bargo and §2 billion to asup-
port the multinaticnal for
(Reuter) 5

(A

<

: The Pentagoen
is investigating whether Hon-
eywell plans for a sophisti-
cated missile guidance system
were sold to Irag through a
Swiss arms broker, the Min-
neapolis Star-Tribune said
Sunday. The paper said it was
unknown whether the Honeywell
technology is in Iraqi hands
Defense Department officials
gsaid they were looking into
"everything and anything“ Hon-
eywaell may have done to trans-
fer technology to 1Irag. The
guidance system could give
missiles deadly precision. 1If
Iraq has the technoleogy, it
could be mere worriscme than
its purchase of the technology
to build fuel-air bombs. Weap-
ons experts speculate that the
Iragis weuld employ the tech-
nology with missiles loaded
with either chemical weapons
or explosives such as the
fuel-air bomb. (AP)

chief

Bush'’s
nomic adviser, Michael Boskin,
sajd Sunday that the govern-
ment should borrow the money
to pay for Operation Desert

President eco-

Shield. Boskin rejected de-
mands in Congress that Presid-
ent Bush insist U.S5. allies
like Japan and Germany provide

the money for the forces in
the Gulf. (Reuter)
(Summarized from wire copy
Source material available at
CNARS, Room 4C881.)
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Investigators are questio
about the passibility that

guidance system were sold to iraq. But ana- -
ed Incident is simply one of

lysts say the alleg

ning Honeywell
lans for a missile

many technoiogy transfers during the 1980s.

Possible
Honeywell
datasaleto
fraq probed

By Sally Apgar
Staff Writer

Pentagon invesligalors are question-
ing Honeywelil cxecutives about the
possibility that plans for & sophisti-
cated missile guidance sysiem were

broker.

bility of Irq possessing plans fas the
Honeywell guidance system could de
more womsome than Honeywell's
recently reporied sale of & 300-page
1echnical study on & pawerful bombd
1o the same Swiss arms broker. The
guidance systern could give any mis-
slle s deadly precision.

11 is not keown whether the Honey-
weli guidance technclogy is in the
haads of the lragis, who have been
scavenging technology (rom Wesiern
defense compepies for a1 least six
years, according to defense expens.

Two weeks ago, it was reported that
Hopeywd] said 1 siudy on a bomb,
called a fucl-air explosive, w0 Irag for
$100,000 through IFAT, 2 Swiss
company working for Argenting,
Egypt and [naq.

The l984:ﬂehb=ingenmint:‘:y
the Pentagon and Honeyweil in .
tors from Covington & Burling, a
ashingron, D.C., law firm hired af-
ter ibe sale was made public. - -
Pentagon sources.taid last week that
they ase questioning Homeywell 10
dewzrmine whether one of i3 execu.
tives sold plans for a ring laser
scope to IFAT in 1984, The device is

reneidetad the hoart Af Hanewveld

scid 10 Iraq through a Swiss mrms

Weapons cxperts said that the possi- ’

guidance systems and is manufac-
turcd at its plant on Stinson Blvd. in
nonheast Minneapolis,

The device, which employs a system
of lasers and miryors, can be used (o
guide commercial or military aircrafl
as well as missiics,. Weapons expens
speculste that the Imaqis wouid use

echnology 10 make guidance sys-
1cms for missiles loaded with cither
chemical weapons or explosives such
as the fuel-air explosive.

Intelligence sources believe the Iraqis
are gt least a year from buiiding 3
nuciear bomb.

Honeywell acknowicdged that inves-
tigators (rom the Defense Technol-
ogy Seccurity Administration met
wilh company officials Tucsday 1o
discuss the bomb study and other
passibie sales to IFAT. Pentagon ofli-
cials asked the company to look for
documents that would indicarc
whether pians for the ring laser gyro-
scope were sold 10 IFAT.

“We have not beea abie 10 find any
information to support that inertial
guidance technology was transferred
to IFAT,” Honeywell spokeswoman
Susan Eich said Friday.

Clyde Bryant, chief of compliance for
the State Depaniment's Office of De-
fense Trade Control, said that fuel-air
explosive and ning laser gyroscope
technologics are “tightly coatrolled.™

Al the time of the aileged sales, Bry-
ant said, the two technologics were
oo the State Deparument's munitions
list and would bave required permis-
tion and an export license from the
government. Those licznses are not
public. ’

Hoaeyweil came under Pentsgon
scruliny along with other U.S. de-
fense contractors afler five senators
wrote & letter 1o Secretary of Defense
Dick Chenty in September. They re-
uesied a Penugon investigation to
ine whether Amenican compa-
gies sold military technology te lrag
that couid bec used \:Ii“n“ u.s.
troops in the Persian G

Specifically, the letter questioned
how fucl-air 1echnology got into lraqi
hands. Subsequently, Honeyweli was
drawn into the review by repons of
ths bomb study aale.



eire »ooking into everything and
#hy:hing Honeywell may have done
transfemng lechooiogy (@ Iruq,” De-
fease Deparimest spokesman Ri
Oborn said Last wezk.

Intelligence expens say that during
the 1980s, [mq becamc increasingly
resourceful at procuring different
technologics and weapons maicrials
from the West by using several front
companies and agents.

At the hean of thesc companies is
IFAT, which is pant of Consen. 3
network of 16 companies based in
Zug. Switzerland, and Monte Carlo,
Monaco.

~Zug is & nest of techno-bandits,”
wid William Tripictt, an expert on
Iragi weapons and poison gas pro-
curement who works for the Scoate
Foreign Relations Commitiee.

*There are more fax machines and
fake banks in Zug than probably any-
where else in the world.”

In their letier, the senators said that
Messerschmitt- Boelkow-Blohm, Ger-
many's largest acrospace firm, may
'have been most directly responsible
for giving the fuci-zir bomb technols
oﬁy 10 the [ragia. They noted that the
alleged 1ransfer would have

dunng the “Egypu‘an-lnqi Ceondor 11
ballistic missiie project to which
(Messcrackmitt) was 8 major contrac-
tor.”

In 1984, Irag, then in 8 dcath strugsie
wath Iean, joined forces with Egypt
and Argenting 10 procufe theiwr own
version of the U.S. Pershing missile.
The lmﬁhut giiempting 1o build
what is believed 1o be a two-suage,
solid-fuel rocket with 2 nnz; of 620
10 650 miles. That project, known as
Condor i} or Rader 2000, involved
the use of companies such as IFAT as
fronis.

Consen, which includes scientists
and engincers from Messerschmitt
snd other Western defense compa-
nies, supplied technical support for
the three nations &6 they purs
several armament projects, according
1o investgaloss,

Initially, moncy and technology
flowed in and out of Egypt. But even-
wally, expents belicve, the thres

countrics split and [raq pursued the

acquisition of chemical snd explo-
sive weapons sysiems On its own.

As Peotagon investigaton attempt 10
trace the flow of wechnology and com-
poneats through this web, there is
much at stake for U.S. defense con-
wactors such as Ho

The senators’ letier says that “thould
the (Penuagon's) investgation deter-
mine that any US. or loreign firms
are culpable, contract debarment pro-
ceduses would be initisied immedi-
ately.” '

Government officials sy it ap

that the bomb study did not violste
ulations governing the expor of

rulitary tcchnology because it was

wrilten ip & gencral manner. The

bibliography of the study cites more

than {50 public sources.

Honcywell said last week that its ini-
tal investigation &lso showed thai
the study consius “of already pub-
lished, unclassified information in
the public domain. Such genenc in-
formation, readily available w any-
one who wanted it, would by iseif be
far from sufficient to design or build
an FAE weapon.”

Honcywell said that it has encour-
aged cmployees (o come forward
coafidenually or to use the compa-
ay's ethics hot Line if they have infor-
mation that will aid the investiga-
tion.

Michael Butler, a Washington attor-
ncy who works on many export li-
censing cases, said the penalties for
violating ¢xport laws are so severe
that companics are extremely careful,

“There's icthal language in the regu-
Iations that basicaily says companies
can be barred from exporting any-
thing,” he said “A big company just
can't afford 1o get involved in this
kind of thing.”
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jive (FAE) bomb technology. The

e FAE bomb, developed in the 19605,
#—' it particularly effcetive against air
' i Y b
Investigators are questioning Honeywell - e e iliary analysts, the Hoo-
about the possibility that plans for a missile E,{;';;‘d'.‘};d”;;;:gvg;gﬂg
juidance system were SO d to Iraq. But ana- Inq during the mid-1980x & N e

ysts say the alleged incident is simply one of ~tilurg™ woward lraa.
nany teChn0|OQy transfers dUﬂﬂg e 1980s. The United States has expon-coavol
laws that closely limit shipments of

U.S. helped
raq build

technology
for its arms

' weapons and require licenses for

~dual purpose” goods, such as com-
puters that could bave civilian and
military applications,

But these laws proved largely ineffec-
live. “irag bought most o{ what it
necded with the approval of Western
governments,” Bryen said.

Consider Irag’s military manufactur-
ing and rescarch ceater called Sa'ad
16. Tbe center is used to test and
build missiles, guidance sysiems and,
possibly, nuclear weapons. Military

Iy Tom Hamburger ’
ashingion Bureau Correspondent M”}s cutimate that up 10 40 per-
cent of the equipment at the site was
Yashington, D.C manufactured in the United States.

{ it comes (o war against iraq, the
Inited States will engage its mest
ophisticated military foe since
vorid War [I. And some US. com-
anies and policymakers will have
semselves to blame.

mq's advanced military capability
ould not have been buill without
sreiga support, much of it from the
Inited States. This support — in
veapons, technicsl information and
raining — was not slways provided
urrepuitious of illegaily. It ofien was
sovided over the objection of Penta-
on officials. It sometimes went with
be blessing of the Nationai Secusity
‘ouncil,

Limiting the flow to Irnq Was ex-
remely frustrating,” said Stephen
iryen, former deputy :

£ defense for trads secusity during
he Reagan administration. “Bven
heminpmdidmupmblmm
nto a grest deal of presiure — prese
ure 10 release things to kg We'd
it out that & cerain product an
< used for missilcs sand we'd end up
5 big arguments with (the Depan.
acnu of) State and Commeree.”

sresident Bush has railod against the
arbarism of Saddam Hussein since
\ug 2 But for seven years before
raq's tavasion of Kuwnit, the Rea-
an and Bush administrations re-

Ainnesota-based Honeywell Inc. re-
cntly was implicated in the possible

Among the equipment is $I million
is Hewiett-Packard Co. computens
snd preeision measurement devices.
They were soid to Img in 198$ and
1986; ‘Hewieti-Packard bas said it
had no idea the computers would be
used for military purposes.

Tektronix Corp. has confirmed the
sale of $50,000 worth of electronic
measuring equipment to Gildemeis-
1er, the West German contractor -
voived in the Sa'sd plant. Wiltron
Corp. has confinmed that it sold pre-
cision microwave communlcluon
te1 equipment 1o Germany for ship-
ment 10 Sa'ad 16 in 1986, In each
case. export licenses were issued by
the US. gavernment.

US. military technology also has

been identified in newly configured

Iragi air force plancs. Kenneth Tim-

merman, a Panis-based military a03-

lyst. told the Star -Tribune that the

- Iraqis recently modified Freoch-buik

Mirsge jets 30 they could fire air-10-

d missiles guuded by 2 precision

ater tracking system developed by
Mariin Mariena Corp.

Martin Marieta says it did not sell
the sysiem to Irzq. It licepsed pro-
duction in the Iate 1970s, howevet, 10
- Thomson CSF lac. 3 French con-
tractor working for the lraga aar force.

Sales 10 Iraq were especially difficult
10 s10p becsuse U.S. symiegic policies
dictated that the United States
('zm sirengihen Iraq against lran



duning the mid-1980s. The Defense
and Commeree depariments have
duai responsibility 1o decide whether
high-tech products should be exporn-
ed. If the departments dissgree, the
decision then gocy 1o the Naduonal
Security Councal at the White House.
Foreign policy concerns ofien proved
decisive in to lrag,

“Our Irag desk officers at ke De-
fense Depantment were inclined 1o Ict
the exports go ahead because they
were trying to improve relations with
lrag,” Brves said. “They defended
their clicats, who tokd them the mate-
risl would be used for scieatific re-
search. The same was true of desk

- officers in the Sate Depantiment.™

Even the man with whom Bryen
most oflen did baitle at the Com-
merce Depantment agrees. “These
were not good poiicies,” said Paul
Freedenberg, a trade consultant who

" was the top export official at Com-

merce duning tbe Reagan yean.

“The U.S. government, as well as gur
allies, allowed and abetied the devel-
opmeat and nockpiﬁnt of a major

cmical warfare capsbility in the
Middle East™ Bryen said. “As depu-
ty undersecrotary . . . 1 witnessed this
appalling performance and usually
couid do little 1o stop it.”

Bryen recailed that while he lobbied
the National Security Council 10 stop-
the sale of a corpuier sysiem to Lrag
in the 19804, the Commeree Depan.
ment quictly approved “expont of
matenal important to the Iraqi Sa'ad
complex, such a3 special microwave
antenoss. ... [ had no way of know-
ing about the exports in time t0 stop
them.”

At Suate and Defense, officials some-
tirne let sumgetic exports through on
the theory that “if we don't suppiy
them, someone clie will.”™

The laws also failed because the [ra-

is set up a sysem of incrnational
gvm companies with the goal of get-
tng technology and rsw matenals
thal would one day enable it to man-
ufacture weapons without depending
on the West Bryen noted tha third-
pany shipments — through Germa-
ay and other countrics — are virtual-
ly impossible to siop under the cur-
rent system. It was through one of
the front companics esublished dur-
ing this project, Swiss-based IFAT
Ine., that the Honeywell Information
alicgedly was passed to Iraq.

=wWe could have spared curseives this
trouble today if we'd acied more vig-

orously back then,” Bryea said.

)
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SECTION: Pg. 1
LENGTH: 985 words
HEADLINE: APGM Project Grinds To a Hait In Europe

BYLINE: By CALEB BAKER, Defense News Staff Writer; Defense News correspondent
Alessandro Pollitl contributed to this report from Rome.

DATELINE: WASHINGTON

BODY :

Problems in the transfer of sophisticated technology from the United States
and sweeping defense spending cuts have forced the six remailning NATO natlons to
scrap development of a smart antlarmor munitlion, defense and Industry sources In
Europe and Washington say.

(c) 1990 Defense News, July 23, 1980

The $ 6 bllllon Autonomous Preclslion Gulded Weapon (APGM), which originally
Iinvolved more than 20 weapon makers from eight nations, Is the latest weapon
designed for NATO use to fall prey to budget cuts demanded by changes In the
Warsaw Pact threat In Central Europe.

APGM, which was expected to double the range and accuracy of conventlonal
projectiles flred by 155mm artlllery cannons, also would have been subject to a
future Conventlonal Forces in Europe, or CFE, treaty, because artililery cannons
are expected to be withdrawn, sources say.

s

‘* The demise of APGM was all but certaln following the U.S. withdrawal from the
project last February, European defense and Industry sources say. The United
States was expected toc provide 38 percent of the inltlal funding for the smart
munlition, and would have supplied the milliImeter-wave seeker technoclogy critical
to Its development.

Canada dropped out immediately after the U.S. announcement.

In a July 13 Paris heet!ng of millitary and Industry leaders in the APGM

s’

Sl i g



project, the remaining participants agreed that they could not afferd to

continue the program, particufarly without U.S. technology, sources say. The

nations are: The Federal Republlc of Germany, France, !taly, the Netherlands,
(c) 1980 Defense News, July 23, 1980

Spain and Turkey.

The decislon ends four months of walvering among the APGM nations over how to
restructure the program to make it less expensive, and how to balance the cost
burden among all the partlicipants, sources say. in the July 13 meeting, ltaly
stated a desire to drop from the projfect, desplite West German and Dutch pleas tc
contlinue.

The natlons are expected to continue |Imlited work on APGM unti! October when
the first phase, designed to determine the feasiblllty of bull!ding the advanced
munition, ends. A second concept deflinition phase will not be funded.

In Rome, milltary and |ndustry offlclats sald last week that the fate of APGM
was sealed with the U.S. withdrawal. But the declision to cancel the program was
a direct result of a massive restructuring of the ltallan armed forces In
response to budget cuts.

ltaly faced | |ttle cppositien In the July 13 meeting of the APGM steering
group. "Since no one wanted to pay penaltles for the withdrawal from the
program, we decided to Issue a Joint statement where everybedy withdraws," one
top ltatlan MinistrY of Defense officlal told Defense News.

(¢) 1890 Defense News, July 23, 1990

Brlg Gen. Gluseppe Caplzzano, defense and alr attache In the Italian Embassy
nere, confirmed "ltaly couid not go on" without U.S. participation.

One West German offliclal says the participants "found certalin difficuities in
transferring technoliogy from the Unlited States to Eurcope," and thus were unable
"to retaln the achievements made on APGM so far." Phlilllp Wolfgang, head of APGM
in the West German Defense Minlistry In Bonn, said that the nation Is likely to
drop Its requirement for a smart 155mm projectile.

The Unlted States wilthdrew from the project after Congress deleted a $§ 28.2
mllillon Department of Defense reguest for APGM made in the 1990 budget. The
Pentagon backed Congress’ declislion desplte stiff opposition from some Pentagon
and Army officlals eager to rescue cne of the U.S. milltary’'s key cooperative
programs.

The U.S. withdrawal shut out European companles that would have shared the



sensitive technology used Iin the seeker, European and Pentagon officials say.
MillImeter-wave seekers operate at much higher frequenclies, making them harder
to jam and more effective at detecting enemy tanks.

One of the U.S. companies Invoived with the APGM program could have reguestea
an export |lcense to share some of the technoliogy with NATO allies, sources
(c) 1990 Defense News, July 23, 1990

say. The move would have made It easier for the United States to purchase the
munitlion after |t was developed by the remaining nations, sources say.

"It Is disappointing," says one Pentagon source. "1 had hoped they would
snub thelr noses at us and continue. But It is a good assumption that they
could not come up with the technology." '

European officials say there are alternatives to APGM that may be deployed in
the 1990s. These projects Include the Swedlsh Bonus, which has been touted as =z
low=cost alternative to APGM, as well as a four-natlion effort to develop a smart
warhead for the Muitiple Launch Rocket System, scources say.

The termination of APGM Is particularly hard on ltaly, which declded to Join
the APGM project after decliding against participation In the effort toc develiop a
new warhead for the rocket launcher. The Italtan Army has fleidec some 424
155mm artillery cannons.

Also, Oto-Meliera, La Spezlia, one of ltaly's largest defense firms, considerec
developing an APGM-I| lke weapon after the U.S. withdrawal, but dropped the effort
because of cdefense spending cuts, sources in Rome say.

(c) 1980 Defense News, July 23, 19%0
The consortia developlng APGM are:

* The All-Weather Smart Projectile consortium, consisting of Dornier GmbH,
Friedrichshafen, West Germany; Paris-based Matra; Oto Melera; Slignaal, Hengelo,
the Netherlands; Madrid-based Ensab; and Aselsan, Turkey. General Dynamics
Valley Systems Divislion, Rancho Cucamonga, Calif., represented the United
States, and Qttawa-based Computing Devices Co. represented Canada,

* The Alllance Development Corp., Including Frankfurt-based Rhinemetall and
AEG; Glat and Electronique Serge Dassault, Saint-Cloud Cedex; Rome-based Seienia
S.p.A.; Amsterdam-based Eg 2 Expal, Madrid) and Turkey's Mlak.

The group also Involved{Honeywei|l Defense Systems Groupy Minnetonka, Minn., and
Hughes Aircraft Co., Ei Were Garrett Canada,




Rexdale; Canadian Arsenais, Ltd., Richmond; and Ottawa-based Honeywell Canada.
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LENGTH: 1568 words

HEADLINE: NATO Selects ADCO for APGM contract

BODY :

At a recent Source Selection Meeting held at NATO headgquarters in Brussels,
the Allilance Development Corporation (ADCO) was chosen for an expanded
feaslbl |l ity contract for the Autonomous Preclision Guided Muniticn (APGM). The
APGM program Iis the first major program to be funded under the Nunn Amendment.

APGM Is a 155mm artlillery~dellvered munitlion whilch NATO has scheduled to be
fielded during the mid to late 193905 as a counter to armored vehicles. The
32-month expanded contract Is valued at approximately $ 100-milition. Contract
award was tentatlvely scheduled for July-August.

(c) 18988 Defense & Forelgn Affairs, July, 1888

The Alliance Development Corpeoration is an International consortium composed
of 12 companies based In 8 countries including: Garrett and Honeyweil Ltd. of
Canada; ESD and G!AT of France; Rhelnmetal| and AEG of Germany; Selenla of
Italy; Fokker of the Netheriands; EXPAL of Spain; MKEK of Turkey; and
ﬂEDEXQE[l”ﬁﬂE ﬁughes qf the Unlteg Stqﬁgs.
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LENGTH: 126 words
HEADL INE : SPANISH-ARGENTINE JOINT BOMB PRODUCTION
BODY :

Spain and Argentina reportediy have agreed tc establish a Jjoint venture to
preduce bombs for the Argentine Alr Force. The new company, named Sistemas

Techneoclogicos Aeronauticos (SITEA), will Invoive the Spanish bomb-manufacturer
Explesivos Alaveses, of Vitoria. According to a report by the Argentine news
agency TELAM, SITEA will begin with $10-milijon In Inittial capital. Financing
wWlill be shared as feollows: the Argentine Defense Minlistry, 49 percent;
Expleosivos Alaveses, 45 percent; and SITEA Itself, six percent (with the
Spanish Government contributing 42 percent of this six percent share). in return
for providing its technological know-how, Explosivos Alaveses wlll receive

both a share of SITEA's profits and a commision on overall sales,



Honeywell
Factorin
Iraq Bomb

@ Memos show that staffers
objected to the project, but
the American firm
provided information that
helped Baghdad develop a
f&rsome explosive. -

By DOUGLAS FRANTZ

TIMES STAFF WRITER

WASHINGTON=—If US. troops
gO to war against Iraq. the deadli-
est weapon unleashed on them by
Saddam Hussein's forces could be
stamped “Made in America.”

Qver the objections of its own
engineers, Honeywell Inc. provid-
ed agents for Iraq with technology
for developing fuel-air explosives,
devices 10 times more powerful
than conventional weapons and
considered by some experts to be
“a poor man's nuclear weapons.”

"Along with design data for a
miszile warhead armed with fuel-
air explogives, the 300-page Hon-
eywell study obtained by Iraq de-
scribes ways to inflict the maxi-
mum damage and listed the most
viudnerable targets—personnel. air
bases. planes, naval ports, oil refin-
eries and ships.

The stary of the role played in
Iraq’s development of these weap-
ons by Honeywell. one of Ameri-
ca's biggest defense companies,
illustrates what critics see as both
the laxity of U.S. export controls
and the peril facing U.S. troopsasa
- result of this country’s quiet aid to
Iraq during its eight- year war with
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private companies were left to m.
their own judgment about the pro-
liferation of U.S. weapons technol-

ogymvohnlereginmmchuthe'

Mideast
“We have made the mistake !ar

ail too long of considering some..

nations friends and others enemies,
and we eventually find eut that, in
some caseq, our friend is really our
enemy,” said Sen John. MeCain
TH- Ariz.), who has proposed legis-
lation to toughen US. laws re-
stricting the spread of we-pou
technoiogy.

The Honeywell physicist who
compiled the fuel-air expiosive
study in 1984 said it was soid to an
intermediary for Iraq over strong
objectiona from company insiders,
an assertion supported by internal
Honeywell memoa, He said he
omitted some potent data becauss

Re and others were worried about
introducing the weapon into the.
Mideast.

“That it could be aimed at our
soldiers is my worst nightmare
come true,” said Louis Lavoie, who
retired from Honeywell five
months ago.

‘Honeywell, whichk designed
fuei-air explosive bombs for the
U.S. military, soid the study to a
Swiss firm acting for Iraq and
Egypt, according to.company doc-
uments and military and eongru
sionai sources, .

At the request of five senatars.
the Pentagon is investigating the
use of US. technology in iraq’s
development of fuel-air explosives
‘and other weapons. Honeyweil
‘representatives have met with in-
vestigators, but the Defense De-
partment said it is not specificaily
investigating the company.

Honeyweil hired an outside Bw
firm to conduct its own inquiry into
whether the technojogy was trans-
ferred improperiy. The Minneapo-.

lis company’s chairman, James
Renier, said inforthation that Hon-

-eywell's technology was provided

to Irag first reported by NBC
News, was “very disturbing.””

Honeywell spokeswoman, Su-

san M. FEich, said the design
data obtained by [raq appears to
consist of unclassified materiai that
was already available. She said the
campany does not believe that the
informaticn is sufficient to allow
the butiding of a fuel-air explosive
weapon, or FAE for short.

Yet a copy of the 1984 Honey-
well FAE study obtained by The
Times says the “little information
availahle” was combined with “owr
own expertise in this area” to
develop data for an FAE warhead
for a missile:

A preliminary Pentagon review
determined that no laws were vio-
lated. because the Honeywell ma-
terial was not classified or restrict-

. ed under export laws. Rather. in

obtaining the Honeyweil data. iraqg
appears (o have expioited regula-
tions—something it did in more
than a dozen Western countries as
part of its billion-dollar campaign
to develop weapons of mass de-
struction.

Two [raqi efforts 1o buy FAE
bombs from US. military surplus
and from an American ams com-
pany were blocked by the US.
government because the actual
devices are subject L0 strict expart
controls as “significant military
weapons.” Instead of the bombs,
Iraq bought the technoiogy to de-
velop itsown FAEs,

This was far from an isolated
exampie of Iraq’s ambitious acqui-
sition effort A Senate Foreign
Relations Committee report ident-
fles 132 companies from 14 West-
ern nations that scid military-re-
lated goods to Iraq, including €8
German firms and 10 from the
United States,

AreportfortheSimonWim-
thal Center in Los Angeles
names 86 German firms and 18



American firms that sold equip-
men: to [rag that eould be used o
develop nuciear, chemical and bio-
jogical weapons.

Much of this equipment was
so-cailed dual-use technology.
which has commercial and military
applications. The U.S. government
eased export controls on such de-
vices bound for Iraq in.an effort w0
ensure [ran's defeat in the 1980-88

- Iraq-Iran War. .

With US. troopa now facing the
resuits of this policy, Congress has
tried o tighten restrictions. But
last month, President Bush vetoed
export-control legislation that
wouid have imposed mandatory
trade sanctions on pations that use
chemical weapons. [nstead, on Dec.
13 the White House announced its
own plan to stem the spread of
nuclear, chemical and bioiogical
weapons.

Al the same time, however, Bush
approved long-delayed export li-
censes for the sale of supercompu-

—
‘That {fuel-air explosives]
couid be aimed at our
soldiers is my worst
nightmare come true.’
LOUIS LAVOE
Retired Honeywes engineer
JE.

ters to India. China and Brazl The
approval drew praise from business
intereste and comptaints from crit-
ics worried about the potential use
of the computers in designing pu-
ciear weapons.

FAEs were developed by US.
Navy researchers at China Lake,
Calif . who exploded the first one in
1960, according to U.S. patents and
the Honeywell report The device
was refined for several years be-
fore being dropped from the US.
arsenal after the Vietnam War
because it did not fit in with other
strategic priorities.

The FAE dewvice involves two
precisely timed detonations The
principie is similar to filling a room
with natural gas and tossing in a
match.

The bomb contains fuel, usually
propane or ethylene oxide. in one
or mare separate canisters. An
imitial explosion disperses the fuel
over the target, resuiting in a
massive cloud of gas and air. The
second detonation ignites the mix-
ture, creating a huge fireball and a
powerful shock wave.

magnitude of these blasts is
a subject of debate. Some ex-
perts say that FAEs are far more
powertul than conventional explo-
sives and that the resuiting fireball
and shock wave carry the devasta-
tion over a wide region. Others say
FAEs pack little more punch than
conventional explosives.

In publie, the Pentagon has
played down the threat from the
FAEs in [raq's arsenal. saying they
do not shift the strategic baiance in
a potential conflict.

In simuiating a near-miss with
an FAE device, the Navy placed
the weapon on a barge and floated
it near a decommssioned destroyer
escort off San Clemente island.
The distance of the blast {from the
ship is elassified, but damage was
so severe that the ship had to be
towed to deep water, where it sank.

FAEs were used by U.S. forces
to clear landing zones and mine-
fields in Vietnam, and witnesses
reported that even smail devices
leveied patches of forest the size of
a football fleld.

FAEgs are most effective in rela-
tively flat regions—such as the
desert—where the shock waves
spread without interference frem
hills and other obstructions.

Traq's attempts to obtain FAEs
date to at least 1984, when the
country was locked in its fierce
war with [ran.

Iraq, Egypt and Argentina were
jointly deveioping the Condor II, a
missile with a projected 1.500-miile
range. A Justice Department re-
port said they planned to build 10
missiles in Argentina. with five
each going to Iraq and Egypt. Irag
then wanted to set up its own
production plant.

In 1984, the Egyptian Ministry of
Defense tried to buy 9,000 surpius
FAE bombs from the U.S. govern-
ment, according to court records.

The Egyptians claimed the bombs
were w0 clear minefields, but a
Justice Department report later
said they were actuaily for use
with the Condor II project The
request was turned down.
Simuitaneousiy, a Swiss compa-
ny called [FAT Corp. was tryingito
obtain FAE technoiogy for the
Condor L, according to the court
records, which resuit from a feder-
al ¢riminal case in Sacramento
invoiving arms smuggling to Egypt
and Iraq. IFAT is idenufied in the
court files as an entity established
by the Egyptian Ministry of De-
fense as part of the Condor [I
project’s attampt to acquire various

weapons.

In mid-1984. Keith G. Smith. a
British consultant to Honeywell
who also worked for [FAT. ap-
proached Honeyweil's aercspace
and defense subsidiary in Brack-
neil. England, about obtaining
technology for an FAE warhead.

The request to compile a study
detailing how t0 build and use an
FAE warhead was rejayed to Min-
neapolis and eventually passed on
to engineers and physicists within
the aerospace and defense group.

At the ume, employees at. the
lower levels were told that the data
that was 10 be compiled on design-
ing an FAE warhead wouid go (0
Egypt through a Swiss firm. ac-
cording to Lavoie, the reured Hon-
eywell phymcist

The assignment alarmed some
employees because Honeywell's
weapons work was done soleiy for
the US. government or for foreign
governments working through
U.S. authorities, Lavoie said.

“It oecurred to us that this might
really be going o iraq or Iran.” he
gaid. “Quite candidly, we felt that it
was bad enough that it was going
to EgypL Anything of that nature
goingwthatpartotthewdﬁdi:

Lavoie's supervisor, John Beck-
mann. objected in a mema to his
boss that said, “The propes ition
. . . has a malodorous quality; about
it, (is] immoral, violates Honeywell
principies and is not in the best
interests of Honeywell.” :

Another internai Honeyweil




memo called the saie of the FAE
technology “a shady deal.”
According to Lavoie, the eom-
plaints went up through three
levels within Boneyweil before the
project was approved by “someone
on Mahogany Row.” a reference to
the company's corporate execu-
tives. He said he does not know
which executive actuaily approved
the project. “Someone up the chain

at Honeyweit said it was OK to do.

and that's the point where every-
thing becomes a mystery,” he said.

Eich, the Honeywell spokes-
woman, said the outmude lawyers
are examining documents and in-
ternewing current and former em-
ployees to detaermne how the proj-
ect .was approved within the
company.

Lavoie said his research deait
with the chemicals and physics of
creatng a fuel cloud and hew to
detonate it. He said the analysis of
the blast's effect on targets was
done by Honeyweil engineers at
Brackneii,

During that time, Smith. the
British consuitant, made at least
two lrips to Honeyweil in Minne-
apolis. Lavoie said. The resuiting
anailyss was provided to Smith late
in 1984, and Lavoie estimated that
the prnice was about $200,000. At-
tempts to reach Smith by The
Times were unsuccessful.

The copy of the Honeyweil anai-
ysis obtawned by The Times shows
that the company deveioped de-
signs for an FAE warhead and
precise informauon about its de-
structive capacity. Lavoie said he
“samitized” his findings by omitting
data on the most exstic and power-
ful potential fuels for FAEs and
leaving out some equations that
had been developed through re-
search for the U.S. military.

The study is dramatic, nonethe-
less. It describes a warhead capabie
of blanketing 3 wide area with a
death cloud using fuels “easily
obtainable as output from a petro-
leum refinery,” and details a -
multaneous attack by six missiles
armed with FAE warheads.

The damage inflicted by FAEs
depends on the blast size and its
proximity to the target. The study
depicted 100% fatalities across a
wide area, with injuries decreasing
to lung and eardrum damage in
outlying areas. Major structurai
damage (o refineries, aireraft and
ships was predicted for a large
area, and a map of an airfield lists
the potential damage to itg various
components.

A Pentagon weapons expert said
FAEs are perfect for desert use.

- “The flatter the better,” the
source said “FAEs are a termble
danger to our troops.”

Messerschmitt- Bolkow-Blohm.

a major Gerraan defense firm, also
provided FAE data that found its
way to Iraq. A company spoikes-
man acknowiedged that MBB had

ided studies and tested por-
tions of an FAE bomb as part of the
Condor II project

The joint Iraq-Egypt-Argentina
project was stopped before any
missiles were buiit but, intelligence
sources say, not before Egypt
passed the FAE technology 10 Irag,
which continued to pursue devei-
opment of FAES on its own.

One place Irag sougnt help in
turning the FAE designs into
weapons was Cardecen Industries, a
Chilean arms manufacturer and
major supplier o the Baghdad

regime.

“We developed with Iraq a very
close relationship when Irag was
considered to be the savior of the

Western world in stopping Iran.”
said Fernande Paulsen, the chief
spakesman for Cardoen Industries

He acknowiedged that Cardoen
built a factory in Iraq to manufac-
ture television tubes during peace-
time or electronic fuses for FAES
and cluster bombs during wartime.
He said the factogy was two-thirds
done when Iraq invaded Kuwait on
Aug. 2 and work was halted.

There is no way to determne
what technology was used, but in
Aprii, 1989, Iraq dispiayed two
FAE bombs at a weapons show in
Baghdad. Pentagon scurces said
they do not know if Baghdad has
deveioped a dependable FAE war-
head for missiies The missiles
wouid be a major threat because
superior American air power is
expected t0 keep most Iraq aircraft
on the ground in the event of war.
Defending against missiles would
be harder.

. FAEs pose another potential
danger. Although the Honeywed
report does not mention it. Navy
researchers at China Lake de-
signed FAEs that spew chemicai
and biological weapons over vast

areas.

“My gut feeling is that it would
work.” said Elisa D. Harris, 2
chermical weapons specalist at the
Brookings insutution in Washing-
ton. Without knowing how far U.S.
research progressed in this area
Harns saig, ‘1 can’t tell you
whether or not FAEs would work
for dispersing chemical and biolog-
ical weapons. And we don't know
whether [raq has the technical
ability todoit.” .
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o German Firms Probed for Iraq Links

U.S. Submits List of 50 Companies Suspected of Violating Embargo

But US. government sources were to be used in petrochemcal and ”
said that the United States, using  pharmaceutical plants after the Boon |
l information obtained from inter- economics ministry notified the com-
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MINNEAPOLIS STAR-TRIBUNE

U.S. helped
Iraq build
technology
forits arms

By Tom Hamburger
Washingion Burezy Correspondent

Weshiagron, D.C.

If it comes 10 war against [raq, the
United States will engage ifs most
sophisticated military foe since
World War il. And some U.S. com-
panics and policvinakers will bave
themseives to biame.

Imq's advanced mulitary. capability

couid not have been built without *

foreign support. muca of it from the
United States. This support — n
weapons, technical information and
\r31ning — was not always prownided
surreptiious orallegaily. It ofien was
[.-vided over the cbjection of Penta-
gon officials. It someurnes went with
the blessing of the Nauonal Secunty
Councii.

“Limiting the tlow 10 lrag was ex-
tremely (rustraung.” said Stepgen
Bryen, former depuly undersecretary
of detense for trade security dunng
the Reagan adnumsiraton. “Even
the things we did see as problems ran
into a greay deal of pressure — prese
sure 1o refease things to lrag. We'd
point out that a certun product can
be used for missiles and we'd end up
in big arguments with (the Depan-
ments ol) State and Commerce.”
President Bush bas raied against the
barbansm of Saddam Hussein since
Aug 2. But for seven years betore
Ir3q's invasion of Kuwait, the Rea-
gan and Bush administauons re-
laxed export resinctions to lrag w
heip keep iran in check. .
Minnesota-based Honevwell Inc. re-
cently was implicated in the possible

{line missing)

sive (FAE) bomb technology. The
FAE bomb. deveioped in the 1960s,
is parucuiarty effective against air
bases, oii fields and 1roops in the
open. But from the perspective of
longitme military analysts, the Hon-

16 December

cywell incident 13 umpiy one among
many US. technology transfers to
Irag- cuning the mid-i980s. a time
when the Reagan administiration was
“tilting” toward lraq.
The United States has exportcontrol
laws that closely limit shipments of
weapons and require licenses for
“dual purpose” goods, such as com-
puters that could have civilian and
miiitary applications.
But these laws proved largely ineffec-
tive. “Iraqg bought most of what it
needed with the approval of Western
governments.” Bryen said.
Consider Irag's miiitary manufactur-
ing and research center called Sa’ad
16. The center is used to test and
build missiles. guudance sysiems and,
possibiy, nuciear weapons. Military
analysts estimate that up 1o 40 per-
cent of the equipment at the site was
manufactured in the United States.
Among the equipment is 31 miilion
in Hewient-Packard Co. computers
and precision measurement devices.
They were sold to Irag in 1985 and
I986. Hewlen-Packard has said it
had no idea the compulers would be
used for military purposes.
Tekiromx Corp. has coniirmed the
sale of $50.000 wonh of eiectromic
measunng equipment to Gildemes-
ter. the West German contracior in-
volved 1 the Sa'ad plant. Wiitron
Corp. has confirmed that it sold pre-
crsion micfowave cOmmMmunicalion
test equipment to Germany for ship-
ment to Sa'ad 16 in 1986. [n cach
case, expon licenses were 1ssued by
thé U.S. government.
U.S. military iechnology also has
been identified in newty configured
Iraqi air force planes. Kenneth Tim-
merman, a Pans-based military ana-
Ivst. told the Star Tribune that tne
Iraqis recenly modified French-built
Mirage jets so they couid fire air-to-
ground mussiles guided by & precision
{aser tracking sysiem deveiopea by
Martin Maneta Corp.
‘arun Marietta says it did not seil
the system 10 lrag. It licensed pro-
Jucuon in the late 1970s, however, o
Thomson CSF Ine. a French con-
iractor working lor the Lraqi air foree.
Sales 10 iraq were especially difTicult
10 siob because U.S. siralegic poiicies
dictated that the United States
shouid sirengthen iraq against {mn
during the mid-1980s. The Defense
and Commerce depaniments have
dual responsibility 10 detade whether

high-tech products shouid be expon-
ed. Il the depanments disagree. the
decision then goes 1o the Nationai
Secunty Counal at the White House.
Foreign policy concarns ofien proved
decisive in sales to Iraq.

“Qur Iraq desk officers at the De.
fense Department were inciined 1o let
the exports go ahead because thev
were {rying to improve retatons wilh
Iraq.” Bryen said. “They defended
therr clients, who 10ld them the mate-
rial wouid be used for scienuiic re-
search, The same was rue of desk
officers in the State Depanment.”

Even the mag with whom Bryen
most often did batue at the Com-
merce Depantment agrees. “These
were not good policies.” said Paul
Freedenberg, a trade consultant who
was the top export official at Com-
merce duning the Reagan years. -
“The US. government. as weil as our
allies, allowed and abened the devei-
opment and siockpriing of a major
chemical warfare capabpility in the
Middie East,” Bryea said. “As depu-
ty undersecretary . .. | witnessed this
appailing performance and usuaily
could do litue to stop it

Bryen recailed that whiie he lobbied
the Nauonal Secunity Councii to stop
the sale of a computer sysiem 1o lraq
in the 1980s. the Commerce Depan-
ment quietly approved “export of
material imponant to the Iraqi Sa'ad
compiex. such as special microwave
antennas. ... ] had no way of know-
ing about the exporns 10 ume 10 siop
them."”

At State and Defense, officials some-
time let stragetic €xpomns throush on
the theery that "if we don’t supply
them, someone eise wili.”

The laws alsc failed because the Ira-
gis set up & sysiem of internauonai
front companies with the goal of get-
ting lechnology and raw matenals
that wouid one day enable it 10 man-
ufacture weapons without depending
on the West Bryen noted that third-
party shipments — through Germa-
ny and other countnes = are viruaj-
ly impossnible to stop under the cur-
rent system. [t was through one of
the front companies estabiished dur-
ing this project, Swiss-based [FAT
inc., that the Honeywell informauon
allegediy was passed 10 [raq.

“\We couid have spared ourseives this
trouble today if we'd acied more vig-
orously back then,” Bryen said.



Pentagon denies it's probing Honeywell-iraq deal

MINNEAPOLIS STAR-TRIBUNE

18 December

Associsted Press
Washington, D.C. _
The Defense Department denied
published reports Monday that it is
investigating Minneapolis-based
Honeyweil Inc. in connection with a
Iprobe of arms technology saies to
raq.
The Star Tribune reported Sunday
that Pentagon investigators were
questioning Honeywell officials
about the possibility that plans for a
saphisticated missile guidance sys-
tem were soid to Iraq through a Swiss
arms broker in 1984,
The Star Tribune article did not char-
acterize the questioning as an investi-
gation, but an Associated Press ver-
“sion of the story, based on the Star
Tribune's article, did call'it an inves-
tigation. ,
The Pentagon acknowiedged that its
Defense Technology Secunity Admin-
istration “is reviewing information
on the broad question of the transfer
of sensitive technology 10 irRq.”
“The depanment is specifically not
investigating the Honeywelt Corp. or
any of its empiovees,” the Pentagon
said.
“at their own initiative. Honeyweil
representatives met with Defense
Technology Security Administraton
officials here in Washington and in-

formed them that the Honeyweil -

company had engaged an indepen-
dent law firm to audit Honeyweil
technology transfer policies‘and pro-
cedures.” the Pentagon said.
Honeywell promised to provide the
Pentagon with the results of the au-
dit. it said.
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Honeywell

Factor in
Iraq Bomb

a Memaos show that scafTars
objected to the project, but
the American firm
provided information that
helped Baghdad develop a
fearsome explosive

?LDOUGL\S FRANTZ
ES STals WRITER

WASEINGTON-=U TS, troops
g0 to war against Irag. the deadli-
est wadpan unicashed on them by
Saddam Hussen's foress could ba
stamped “Made tn Americ”

Over the objactions of 1tz ocwn

engineers, Hongywell [ne provide
od rgeats for Iraq with tyehnology
{or developing fuel-air oplasives,
devicar 1) nmes mare powerful
than cenventional weapons and
ounsidersd by some experts Lo be
“a poor man'wauclcar weapons”

alr explosives. the 300-page Hon-
eywell study oblained by Iraq de.
serides ways W inflict the max-

export

and the peril {acing US. troops asa
result of this country’s quict aid w
1rag euring its efght-goar war with

such tchoology transfers perfeci-

Kel?ug iné Bush mn,

tons, executlves and engineers mt
privals eampanies wers Jait o vse
their own judgment about the pro-
lleration of D.S. weaponys icchnele
ofy in velatile regions such as the
Mideast

“We have made the misiake (6r
all 100 iong of considering some
aavans frignds and others enemies,
and we eveniually find ot that, in
same cases, our {riend is reaily oor
enemy.” said Scn. Joke McCiin
(ReAriz), who has proposed logls-
haton to0 toughen US. ws rs-
sricting the spread of woapons

technalogy.

The Honeywtll physicst who
‘esmptied tho fucl-air explosive
study in 1984 stid it was soid W an

“That it could be axhed at our
soldiers Is my worst nightmare
come true,” sald Louls Lavole. who
retired from Honeywell five
months age. .

MARINES. ..from Pg. 7

Noriegs and destroyed the Panama
Defenise Forces, as a lagt resort
eaded to protect American lives
e said the death of the Heutenant
«#a8 the trigger to his decision.

According to three sources who
confirmed the report independent-
ly of one another, the four US.
officers were not lost on the day of
the incident

“They knew the ares very weil
and had been to the Comandancia
many times,” one source mid, re-
ferring to the Panama Defense
Forces headquarters, v

According (o another source, the
men were also armed and had
{requently “dared” roadblocks by
driving up Lo them and then refus.
ing to stop or suddenly pulling
away,

"What they did this time” a
source sald, “was pull up o the
Comandancia readblock, knowing
it was one of the most i
and the guards (were) very ner-
vous. *

“When the PDF came up 0
them and ordered them out of the
car, (the Americans| all gave them
the finger,” shouted an obscenity
and drove off. The Panamanians
then opened fire, the source said.

Another souree said that al-
though Lt Paz was badly wounded
and one of his companions was also
hurt, the Americans “dumped Lheir

The sources s3id 3 report of Lhe
incident was filed- with the
Southern Command, which passed

it on to Washington However,
they could not confirm that the
report—with what they calied the
“true details™.~ever reached Bush.

was installed by the United States
after the invagxion and which had
no role in the incident, has made no
comment on the report.

In the interview, Clsneros said
that officials in Paramas conducted
an investigation of the incident
shortly after it

He said interviews established
that the Marines were unamed
and lost in the vicinily of the
Comandancia and were nol delib-
erately seeking to provoke an
armed confrontation with the Pan-
amanians. He zaid several of the

the checkpoint were intexicated.

“This was the conclusion |
reacheds This was another case in
which PDF discipline broke
down,” Clmaros said. "They tried
to pull [one of the Marines| out of
the car. The Marines gol scared
and hot-rodded out of there IL
looked to them Like these guys [the
PDFY were going to do something.

“They elected to drive away,
which in retrospect probably was
not gmart, and the PDF opened
fire,” the general said.

{sneros said he never heardofa
group calling itself “the Hard
or any other such seif-

styled vigilante group.

"1 was very strong about ‘cow-
boying' and nrot doing thcse
things,” he saxd-~! convinced my-
self there was probably going (o be
an (ncident (that might lead to war

between the PDF and the United

U.S. NEWS & WORLD

REPCRT

Dec. 31, 1990 PRg. 20

B Unbappy sew yoar. U S. intelligence
is convinced that if war out
pext year in the Persian Guif, Iraq and
its Libyan allies haw agents in place
capabie of launching terrorist attacks
against American and British targets
in the Middie East, —and

. diset.
pline after 3 Cet, and | wanted to
make sure we were on the moral
and legal high ground.”

Honeywell. which designed
~alr oxplogtve bambs for the
U.S. ‘military, soid the stody 0 »
Swisy ' firm acung for Jraq and
Egypt, 15 company doe-
uments and mifitary and congres-
eonal soureas.

AL tha request of five senalors,
the Pentagon is invuﬂpun!nme
we o, tachnalogy in [raq's
development of fael-air explosives

and other weapons. Honcywel!
representaiives bave met with in.

investizating the company.
Honsyweil hired an outside law

“firm to conduct it swn inquiry ints

whethar the technolsgy was wans.
[erred improperly. The Minneapo
lis ¢ompany's chalrmam, James
Renler, sald information that Hop-
sywall's tachnalogy was providad

;r NBC

was already avallable She sajd the
company does not believs that the
information i3 suificient o sllow
the butl of & fusl-air explosive
wetpan, ar AR for short.

Yet a copy of Lhe 1984 Honey-
well FAE study ‘oblained by The
Times says the “littls infarmation
available” was combined with “gur
owd ‘experiiss in Lhis ares”™ ta
develop data for an FAE warhead
{nr:mi.ﬁh. Pini “
° A preliminary Pen roview
damﬁwtmu‘::‘?mm-
iatad, bocause the Boneywell ma-
terial was sot claxsified or restrict.
ed under export lawe Ralher, in
oblaining

;
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About war

Cne of the most bizarre statoe
ments of the year nearly past was,
surely, the claim that our troops in
the Persian Gulf are there o fight
for jobs and oil. Could that be true?
A mote outrageots motive for mass
slaughter is hard to imagine. It
might do for Saddam Hussein, but
coming from one of cur leaders
such talk leads o speculation that
the fellow has been to the edge and
teaned too far over. .

Another of our leaders, Army LL
Gen. Calvin Waller, second in com-
mand of US. Persian Gulf forces,
has put us on the path toward truth.
He found a passage by John Stuart
Mill that expresses his sentiments.
Gen Waller had the message dupli-

m";fm Pgl 9

bﬁhdthhqdpmm

so-called dual-use technalegy.
which has commercial and military
applicaicas. The US government
eased export controls ea such de-
vices bound for [raq In an eifonrt
ensure [ran's defeat In the 1980-88
Iraq-lran War.

tried 0 tightcn ranricilons Bui
last month, ?rﬂl?:::’ ?‘m va‘:od
expori-control toa that
would have imposed mandaory
teade sanetions on Bations that use

waapona.

Al Lbe fama time, howeves. Bush
approved long-delayed woon L.
censes [or the sale of supercompu-
tors 19 Indla, China and Bessfl Tiu
approval drew praise from businese
inicrests and complaints tram eril-
ics worred about the potentinl ure
of the computiers in designing oue

clear weapons.

FAEs were doveloped by US.
Navy rescarchery at Ching Lake.
Calif.. whe exploded the £rst ona In
1960, according to US patents’'and
the Honoywell report. The device
way refined for several yoars bee
fors Deing dropped from the US
arsenal afler the Vietnam War
becausa it did not At In with other
noategic prisrities

The TAE devica involves two
precisely timed detonations. The

le is timllar w Alling & rocm
with natural gas and tessing ia a

mateh
The bomb containg fuel unally -

propane ot ethylens axida, in ooe
o more separite canisters. An
intttal explosion dispesses the fual
Qver the targef, resuiting tn a
massive cioud of gus and air. The
second deonation ignites the mix.
ture, cresting a hugs fireball and &
powertul shock wave
']"'ha magrstuds of these blasts is
3 sutject of debate. Some ex-
pers |y that PAES are far mote

cated and makes a point of banding
it out to roops under his command:

*War is an ugly thing but not the
ugliest of things. The decayed and
degraded state . .. which thinks .
pothing is worth war is much
worse. A man who has nothing for
which he is willing to fight, nothing
be cares more about than his own
personal safety, is & miserable crea-
ture who has no chance of being
free” :

There it is. Now, the question
leaders should be addressing would
seem t0 be: What is there about the
Persian Guif situation that is
worth war? Mill suggesta the cor~
rect answer must have something
w do with {reedom, a matter some-
what more; worthy of extrema sac-
rifice than jobs and oil.

powerful than conventional expia-
sives and that the resulting fireball
apd shock wave carTy the devasta-
tion over 3 wids region. Othen 1y
PFAEs pack little tore punch than
oonvendional axplosives.

In public. the Pentageno has
played down tha threat from the
FAEs in Iraq’s arsena), mying
do ot shift the strategic dalanca in

£

_ spotential confliet

In sim 1 Doar-miss wilh

FAES are mosz effective ia rels-

nell, England, about obiaining
technology for an FAR warhead
The request 10 compile 3 study
detailing how o Build and use an
FAE warhcad wa relayed to Min-

w enginesrs and physicists within
theaerospace and defense group.

At the time, employees at the '

lower lovels were 10]d that the dats
that was to be compiled/on desiy
ing an FAX warhsad would g¢
Barpt

Another internsl Honeywell
memo called e salo(of e FAE

[T

j

coTporats U=
uvnmnﬂhb;unmnqvﬁ;
which cxecutive actually approvadm.

ths project. “Somscne up the et 7,

at Hopgywell sald 8 s OK &

thing becomes a mystery.” hesaid |

4

Tich, the Honeywsll spokessi
woroan, said the ocixide lawyers,

E
E
;
8
i
g

)
i
<5

g;ﬁ,—.

i
j g_gg
H
IR

]
§
g
:

4
5
g
;E,gf'.
157

3

815

o
¥
Ey
by
i
b

*

10




WEDNESDAY, December 26, 1990

ISRAEL,,.fram Pg, 11

missile program because of intensi-
fled threats from [raq.

A flight test of the Arrow ok
place a week after [raq launched its
Aug 2 invasion of Kuwait.

Earlier this yesr, Mr Hussein
threarened o “burn half of [sreed”if
sttacked by Israel -

The Arrow is a two-stage, high-
speed interceptor missiie that is be-
ing developed jointly by the United
States and Israel Officials said test-
ing is nearing compietion and that
the missile program would then en-
ter full-scale development. lraq has
said it wants the Arrow included in
any regional proposals banning nu-
clear, biological and chemical weap-
ons from the Middle East.

The lsraeli ABM test follows are-
cent test-firing of an 1sraeli Jericho
[ missile from a South African mili-
tary base in late November. The last
test of a Jericho 11, a rwo-stage mis-
sile with a range of about 1.000
miles, took place in January.

The Jericho II is believed by mili-
tary experts to be the primary deliv-
ery system for Israel’s nuclear ar
senal.

The Jericho | test is viewed by
U.S. intelligence agencies as & furs
ther indication of Israeli-South Afri.
can cooperation in deveioping long-
range missiles.

The South Africans test.fired a
modified Jericho 1] missile last year

rith & 900-mile shot into the Indian
Jcean

The US. government has held
talks with the Israelis in an effort to
hait their cooperation with South Af-
rica because of opposition to that na-
tion's racial policies.’

Israel said several years ago that
it would sign no new military con-
tracts with the South Africans, but
has declined to discuss ongoing joint
programs.

WASHINGIGN TRMES ~ Dec. 25, 1390 Pg, 8

Defense map makers
inundate U.S. troops

ST LOUIS (AP) — Operzting at a
wartme pace, the US. Defense Map-
ping Agency says it has shipped 35
million maps m the nearly 300,000
US. troops stationed in the Persian

That may seem like overkill But
the military needs maps of varying
detail and intricacy, with many to be
used once and discarded, the agency
;ays.

EURDPE. . .fram Pg. 4

of the arms as if they had remained
in central Europe—in effect, holding
a spot open for their eventual return,
“There is still a balance-of-power
equation in terms of Europe that has
to be kept in mind,” Secretary of
State James A. Baker 111 s2id on ABC
News several weeks ago.

Galvin, perhapa reflecting some o~
cal anxieties, noted that the transfer
of these forces to the gulf, in com
bination with 3 congressionaily or-

dered cut of another 50,000 U.S.
military personnel in Europe, “is go-
ing to take us down to quite low
numbers.” He said the services were
discussing 3 proposal to obtzin a
presidential exemplion {rom the re-
duction.

Cheney similarly told the House
Armed Services Committee two
weeks ago that “we are in a bit of 2
paradox—on the one hand undertak-
ing massive military movement and
commitment, preparing for the pos-
sibility of hostilities in a major way,
while simultansously preparing a
budget ... that provides for ... a
significant reductioa in U.S. military
force structure and capability.”

Cheney said he may seek relief
from the personnel restrictions
voted by Congress when he submits
2 supplemental budget request in
late January or earty February for
Operation Desert Shield. But such a
proposal could ignite a fierce debate.

Rep. Patricia Schroeder (D-Colo.),
3 member of the House Armed Ser-

- vices Committee, said of the trans-

ferred troops: *l don't think they’re
ever coming back [to Europe]. How
in the world can we justify our ..,
[remaining] there in those |okd} num-
bers” Sen. John Glenn (D-Ohis), who
chairs the Senate Armed Services
manpower and persoanel subcoms
mittee, said, however, that he was
willing to iet seme of the troops “go
back to Europe” if they were not
needed in Saudi Arabta and had not
completad their normal tour of duty.

Staff writer George C. Wilson
contributed lo this report.

“We certainly hope it doesn't
come to war, but if it were to become
a hostie action, we want our Toops
to have the best products they can”
said Dave Black, the agency's diree-
tor of public afairs. “When the Joint
Chiefs of Staff lay out the requires

_ments, we meet them.”

Carwgraphersat the agency's two
major production centers in St
louis and Brookmoat, -Md, have
been working 10- to 12-hour shifts,
scven days a week, since shorily
after the United States began send-
ing troops to the Persian Gulf aspart
of Operation Desert Shield

They worked round the clock
through Labor Day and Thanksgiv-
ing, and there might not be any extra
time at homne for Christmasg — not
with a Jan. 15 deadline for [raq to get
out of Kuwait or face possible mili-
tAry action.

All of Saudi Arabia, Kuwait and
Iraq has been committed m paper,

Mz Black said. The agency has had
every country in the volatle Middle
East mapped for several years, rely-
ing heavily on detsiled satellite
photos. .

About 4,500 different maps have
been used in the serritary covered by
Operation Desert Shield, breaking
down the topography into relatgvely
small coverage areas for pilots, tank
commanders, admirals and ground
roops.

Generally, pilots need the big pic-
ture. But pilots of low-{lying aircraft
— inciuding helicopters and jets
latnehed from aircraft carriers —
need more specific information
about hills and other terrain than
bomber pilots. Soldiers on the
ground need ©w know where roads
and power lines are.

The number of maps shipped to
the Gulf include countless spares.
Pilots might mark out a mission on a
map, then discard it. Ground troops
do Likewise for another reason.

“You've got these things folded up
and stuffed in your pocket, so after e
sweary day in the desert they liter-
ally come apart,” said A. Clay Ancell,
deputy director in ¢harge of produc-
tion at the center in St. Louis, where

MAPS,,.Pg. 16
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of blankeling & wide area with 2
death cloud using fuels “casily
oblainable as output fram & pegro-
tcum refinery,” and detalls a si-
muluaneous altack by rix missiles
armed with FAE warhesds,

The damage inflictod by FASY
depends on ke blast size and
proximly 0 Whe Larget The study
demcl.cd 100% faalides across »
wide arca. with injuries decreasing
18 lung and eardrum damage ir
cullying arcan. Major mruclura
damage 1o refinerics. airerall anc
ships was predicted for s large
area. and a map of an airficld lisu
the potenuial damage 1o ity variow

SN

A Pentagen weapons expert sal
T AT are perfect for desertuse.,

“The facar the betier,” Uy
sowrce sald “TAE1L are 2 terribk
danger 10 our Lroope.™

Mesgersehmitt- Bolkow.Bloher
a maor German defensa firm, also
provided FAE dawa that found its
way 0 Iraq A company spokes-
man scknowledged thal MBB bad
provided studics and ssted Jnr
tions of an FAE bomb as part

Conder !l project.

The pint Irag-Egypt-Argentina
project was swpped before any
missijes were built but, intelligence
sources say. not before Egypt
patsed the FAE technology to Irag,
which continued to pursue devel-
oproent of FAEs on fts oo,

One place [ragq soughs help in
turning the FAE designa into
weapons was Cardoen [ndusiries, a
Chilean arms manuficturer and
pajor supplier to the Baghdad

regime. . .

“We developed with lrag s very
clese relatonship when lraq was
considered 0 be the savior of the
Western werld in stopping Iran ™
said Foarnando Paulsen, the chief
spokesman [or Cardoen Industrics
in Saotiage.

He acknowledged that Cardoen
built » {actory in [raq to manufae-
turs Lelevision tubes during peace-
time or electronic fuses {or FAEs
aad cluster bomds during wariime.
He sald the faclory was 1wo-thirds
doac whan [raq Invadad Kuwait on
Aug. 2 snd work was haited.

There is no way to detarming

BOMB...Pg. 16

TIME
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Counting Up the Atrocities

Pg. 27

many have been tortured, how many arrested,

how many raped? No one knows for sure, and few
but Saddam's henchmen mxy ever know.
At one level, the debate concerns intellectual

By MICHALL KRAMER

Wllt.bel(uw'lm

supermarket manager
forees? Or was be beheaded? Or hanged? Three
uﬁdmmdﬂmﬂymMﬂwmlwoﬂbemdmewn

manyl(wuclhﬂebeummyumedmhq'smmmnﬂw

shot to death by Iraq's occupation
supposed eyewitnesses de-

bhonesty. At least one human-rights organization
belicves tbe Kuwiti government in exile may be
exaggerated nluofhonur for po-

. l:mdmNe-York.“Th:r:nnoncedmmﬂlu
the statistics.” ATROCTTIES...Pg. 16
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Chairman
sajd Tuesday  his

nomic sabotage had been
derstoocd and vowed tha

Union will not return to the
Cold War era of denunciations.
"It is impossible to return to
the past, in the Soviet Union
or abroad,®” he said at a news

confarence. "If socmecne

Vladimir Kryuchkov
y waekend
speech warning ¢of foreign eco-

KGB

ne 4injuries,
blast, in an a
Vatican, shat

misun-
Soviet

cilia. It also
damage to th
United Servic

wanted and to the st

to try to return to the past Radio. Bath we
in the Soviet Union, he would time. Police
fail miserably.” His speech clear which o
Saturday Dbefore the Soviet the targst o

congraess was widely seen as
return to Cold War rhetoric.

Ha accused the CIA and

& there was no ¢
sibility.

other

foreign agencies of attempting:

to "impose doubtful ideas

on tha Soviet

plans-
some foreign

Hew said

nessmen were engaged in eco-
nomic sabotage. The U.S.

Department denounced

speech and said there was

truth to it. (UPI)

- e ke e

R

rudimentary explosive devica,

probably a large

went off early Tuesday near a
servicemember‘s club in
Rome causing siight damage and

U.s.

and Leftist guerrillas destroyed gpvepx PPERS HEART M .
Union. two naval vessels in separate 'prosident Mikhail Gorbachev |f
busi- attacks in the Amazon regicn said Soviet Prime Minister ||

State
the

ment. (EFEY

IWIRE NEWS HIGHLIGHTSI

doors of a rear entrancs to
the music academy of St. Ce-

(Router)

of Colombia Tuesday. In addi=-
tion, a policeman and a rebel
ware killed when guerrillas

peace torms with the govern-

French Defense Minister Je?
Pierrs Chevenment said Tues
he thought the United Natio.
Security Council would convene
again before resorting to mil-
itary action to drive Irag
from Kuwait. "I think events

police said. The
lleyway near the
tered the glass

e c;::gd o;lig:: will bring it to do so,* he
8 Organization said during a television in-

terview when asked if the

udios of Vatican
re closed at the
said it was not
rganization was
£ the blast and
laim of respon-

before the Jan.
Irag. Chevenment -- who was in

troops -« gsaid the U.N. dead-
line could not be pushed back
unless new -developments take
place. (Reutar)

B

Nikolai Ryzhkov had suffered a

heart attack but his life was
not in danger. Gorbachev madaj

no  attacked 2 peolice column in
t at the startj:
the district of Miraflores, ;29 :§§°:§§:T§g s:usion of :hew%
A 350 Jm south of Bogata. TR (ongress of Pecple’s Deputiesf
t actions were carried out by qm.oo4. (Reuter) ?1
1 . the FARC and ELN guerrilla ¥ g i
reworx, gqroups. The groups recently imarized £ ire Nk
jJoined forces to negotiate égurce:;:tarlafomav:iiablgogigfk

CNARS, Room 4C881.)

UNIT...fram Pg. S

crew of one of its planes when It
crashed during a training exercise. It
was Colonel Robinson's job L& return to
the United States briefly to present
flags to the families of B. K. Hender.

son, a chemical engineer from Moiton,
Ala., and Steve Schramm, an engineer
with the Southern Company hera.

“It was the toughest thing [ ha
everhad (0 do,"” he said.

Col James F. Brown, the com-
mander of the 117th, who arrived back
in the United States two days ago, said

L
TR

all 115 men from the unit who went to  gull for three to six months at a th.
the Persian Gulf had volunteered and the Birmin unit’s aext
about 20 percent of them had been part-  rotation into the region would be in the ‘I
u:;:ie soldiers, as oppased to ful-time springof 1992 i}
military employees attached to the “But | hope we're not needed,” said- ||I!
um‘&i&ke. Calmerib;!‘m n et Colonel Robinson. *It's ra foolish man
new who L3 10 g0 1O war."” '
fect that puts each of the units tn the |- L B0 O AT _h

BOMB. , . from Pg, 15
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what technalogy was used, dut in
Aprit. 1858, lraq displayed two
FAE %ombds al 8 weapons show in
Daghcad. Pentagon sources said
they do not know ¥ Baghdad has
developed a dependable FAE war.
head for missiies The misxilcs
would be a majer threst because
superior Amarican air power s
oxpected to Koep mest Iragi zircrafl
on the ground in the tvem of war.
Defending aguinst mistiies would
be barder.

FAEs pose agother polenilal
danger. Although the Honeywell
report does not mentien it Navy
rescarchers at China Lake de-
signed FAES that spew cheraical
and Wiological weapans aver vast
areas.

“Iy put feeling [ thaz 8 would
wark.” mid Elisa D. Barig a

ten, Without knawing bow far U

researel progressed in this ares,
Harris said, “! cant tell you
whether or not FAER would work
for dispersing ¢hemical and blolog-
fcal weapont Abd we dea’t know
whether Iraq has the techmical

acronautical maps are made. Maps |-

for land and sea are produced at
Brookmont.

Nearly every soldier in the desert
has some sort of map, The first ones
began arriving in Saudi Arabis
about & wesk after the first US.
roops landed there.

Thanks to improved technology,
map production already .has gone
beyond what was done during the
Korean and Vietnam wars.

“During the Korean War, the
presses rats 24 hours a day, scven
days a week for years” said Otto
Stoessel, graphic arts chief of the
serospace division. “We turned out a
lot of work, but compared to Opera-
tion Desert Shield it was nothing.

“We've doneg 10 times the amount
of work in the last two months than
we did during all of Korea” he said

About 8,000 people are employed
at the centers in St. Louis and Brook-
mont, and even before the Persian
Gulf crisis they were.buyy, said Me
Ancell

Maps constantly must be updated,
and in August the agency also was
busy making maps used in the na-

ability o doit™

doa's battle o stop the flow of drugs
from South America.

4_,

The buman-rights organimtions are quarreis

ATROCTTTES ing amopg themselves. Middle East Watch, !oa
S cxampie, contends that the recent report by: A

pesty Intemational detailing buman-rights abuses!

fraom Pg. 15 in Kurwait is overdrawn. But the problem is cine of;
- . degree oaly. When Middle East'Watch says J*»
oesty’s high-range estimate of perhaps 2 thousand murders cxaggerates the tolltYi,

about 400, that sl leaves 600 victims of Iraqi brutality. And no one disputes that I
The account by London-based Amnesty internstional is crucial becausaeyit B2y
dramatically affected the worid’s most important sudience. Days after reading the
82-page report a1 Camp David, George Bush was still talking about it. *I ask youlto
read balf of it,” said the President during an interview with T in the Oval OffZa!
“If you can't stomach half of it, read a quarter of it.” {
Far more than the number of strocities, the manner of Iraq’s barbarism hias
stuck with Bush. Amnesty documents 38 methods of torture used by the Iragises
everything from the use of electric probes to the cutting off of cars and tongiey
“Good God,” says Bush, “it is 50 powerful, you won't be able to believe it.”
Human-rights reports are political documents, They are embraced or igns
depending on the interests of nations. Amnesty, for one, has regularly detailed)
torture, detention and murder of [ragis—by lragis—but the US hardly car
about such atrocities during the years when Washington's Middle East policy Gy
tated accommodating Saddam. So when the President says Amnesty’s report:Eds
“reaily made an impression on me,” he it reacting in 2 new context. Had he beSh
applying a comistent human-rights standard all along, he would have been justlas
excreised about last year's Amoesty report on Irag, and perhaps the Adminisire
tion would have supponed the sanctions some Congressmen were urging be | F
Saddam's brutality spilled beyond Iraq's borders. .
More important, the LS. may now move militarlly—without giving the st
time 10 work on Saddam —-because the President describes the Amnesty reporifas
“one of the things thar's driving me. 've beard some guy telling me . . . we'velgos
time. Time. Read it. It's what's happening now. We don't have a kot of time.” ‘
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Council needed to meet again |||
15 deadline to

3

Saudi Arabia visiting Prench|




A fuel-air explosive (FAE) is, by definition, a detonable material that gets most, or all, of its
required axygen from the air. Two almast unique properties of FAE are that it carmies littie or
no oxygen with it, thareby giving it good weight efficiency, and that the detonation occurs
over a significant area thereby generating a grester impuise than with a point detonation
characteristic of conventionai high explasives. Exceptions to the Iatter point, that will not
be discussed in detail here, are dispersed, conventional high expiosive powders, and

nuclear expiosives.

Reports of Soviat use of FAE in Afghanistan
have ravived interest in FAE weapons by the
US mulitary atter several years of relative neg-
lect. The 2emth of US deveiopment may have
been reached in January 1973 with the detona-
tion of an FAE devica next 10 the de-
commrssioned  cestroyer  escort, USS
MCNULTY, which eventually caused it to sink.
However, at least 13 years sarlier work was in
progress at the China Lake Naval Weapons
Center which, by the late 19603, ied to oper-
ational tests in Vietnam and the design of the
CBU-55/B containing 3, BLU-TYB FAE
bomps. Since the late 1370s interest in FAE
weapons has declined except for the CATFAE
mingheid cleanng system and the stilbom
SLUFAE. also ntenced for mine cleaning. What
are tuet-air explosivas, Now do they work, and
why have thay alermately excited and dis-
appointad the military community? 1n this ar-
ticle we will try to answer these questions as
wall as adaress the issues of weaponisation,
and tactcal application

A, Lavose i 3 Oefonce anaiyst far the Delfenise
Systerms Group of HONeYywed INC., i Minnesots.

Technical Background

Precisely as the name impiiss, fuel-air ex-
plosives are explosives that raly on oxygen in
the ar as the primary source of the indispens-
able oxigizing agent. Severg earty references

The latest operational apphication of FAE is
the CATFAE (Catapult-Launched FAE)
mina~clearing System, currently under
deveiopment for the USMC.

in the literature otherwise, are incorrect. For
exampie, FAE detonation in space is a contra-
diction n terms. Cther earty references 0 FAE
“burning” in an oxygen-free environment are
beside the point, since “buming” ana “detcna-
tion" are not the same thing. Burming 15 "slow”
omdaton (rusting ron is even slower yet) while
detonauon is very quick. propagating through
the reacting medium at velocities of several
kilometras per second.' The fuei-air explosion
process contrasts to that of conventional hgn
explosives. such as TNT, which carry adequate
oxygen already attached 1o the expiosive
molecule (Figure 1). It should be noted. how-
ever, that the energy outbut of conventional
rugh explosives can be boosted Ly adaing ox-
aizer (f thewr molecules are naturaby cxygen
‘ean (TNT), or oy aading a requcing agent sucn
as aluminum, if fuel lean (ammonum nitratel. in
some cases the adgitional oudizer can come
‘rom the air just as with FAE. Indeed. some of
‘hese explosives, when disperseq as QowcCers.
ire coming to be grouped with FAE and otner
“ugh mpuise explesives under the name of en-
~anceq plast munitions (EBM).

Fuel-arr explosives are more weight efficient
‘~an convertional explosives since they optain
‘neir oxygen trom the aw. Figure 1 Shows that
12 % of the weignt of TNT is ctue 1o the oxygen
t must carry with it while 41 ang 47 % of the
~eight of the consumabies (fuel and oxygen}
n, respectively, prooylene oxidesawr e
aluminum gust/air explosions. comes from the

* Some FAE fueis. for exampis éthyieng ang ro-
Jylane cx:088. Nave an Oxygen atom in the moiecule
ang. nceed. ¢an exolhermaily Jdecompose 1 he
absance of air, but they don't delonate. Also contrary
10 some reterenicas .n the Jefence iteraturs. many
FAE fusis are reiatvely Danign 8.q. karosena.

SLUFAE was an eartier US attempt at FAE
for mine-cleanng purpeses.




a. and is not carmed with the expiosives. Ac.
cordingly, weight for weight propylene oxide
and aluminum release 7.9 and 7.4 times as
much energy as TNT (Table §).

There are many possible FAE fusts, but
practical onsiderations such as safety quickly
reduce the list. The unciassified list of known
detonable FAE fuels is not very large. Hydro-
carbons are the most numerous. Table il lists
soma of those that have besn demenstrated to
detonate as wetl as including non-hydrocarbon
fuels. Indeed. hydrocarbons attracted earty
civil attention to tha FAE phenomenon be-
cause of accidents in the petroleum industry.

Arrangement of 8
CATFAE vehicle

{AAVP.7AT hull).

Balow: Fig. 1:
igeatised chemical
reactions of
expioding TNT and
FAE fuels.
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Tabia I: Specific
energy of some FAE
fueis.

No theory of detonation exists that can pre-
dict the detonability of a potential FAE mat-
enal, Many fuels wiil bum (deflagrate) without
gatonating. Others will only detonate if suitably
excited by a powerful enough source, and
some will detonate quite easily. The cntical de-
tonation energy depends on the type of fuel,
the tuel particie or drop size if it is solid or
liquid, the energy deposition rate (power), the
fuel-air ratio, and. 0 a lesser extent, the tem-
perature and hurmidrty. A useful rule of thumb is
that an FAE detonater should contain a con-
ventional expiosive mass about 1 % of the FAE
mass.

FAE as Weapons

The weaponisation of fusl-air explosives
wouid be greatly aimplified if a good way could
be found {0 cause the fuel to self datonate at
the right moment. Thus far resaarch in this area
has been only slightly succeastu! with fairty im-
practical resufts acrievad by injection of highly
reactive fluonne or bromine trfloride into the
fuel cioud causing gatcnation. Scme progress
is alsp being made with autodstonating getied
fueis.

Apart from nuclsar weapons, pure biast
weapons are beieved by some in the defence
community to be reiatively ineffective uniess
augmented with penstrators, fragmentation,
incendiary, of other damage-producing
agents. Novertnowss, FAEs are effective pre-
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gisely because of their biast. To understand
this apparent contradiction it is necessary to
use more exact terms than “blast” ang to relate
these new terms to target vuinerabuity.

The blast produced by any explosive can be
charactersed by peak overpressure and ime-
puise® at a given distance from the centre of
the detonation. Overpressure 1S the pressure
increase above normmal ampbient caused by the
heatec and expanding products of the explos-
iva chemical reacticn. At a pomnt some dis-
tance from the blast ongin the passing blast
wave will cause the pressure to abruptly in-

Fig. 2: Pulse shape in space and time of
biast over pressure.

croase from ambient 1o some peax vaiue, then
decay relativety siowly back to amoent. The
greater the distance from the ongin of the
blast. the less the peak overpressure of he
passing wave (Figure 2). impulse at these
same measurement powts 1S the product of
tha overoressure and the guration of its appii-
cation. If the cverpressure occurred as a
square wave, the impuise would be calcuiated
as just overpressure times s duraton. But
overpressure dacays exponentially, so its
waveform appears more tnangular than
square. Accordingly, an exact expression for
impulse requires the time integration of over-
prassure (| = 7 P dt.} However, in some cases it
is adequate to assume the overpressure puise
is shaped iike a ngnt thangle ang compute the
impuise as the area of the tnangle (| = 0.5 Pt

* The term “imouise.” is used here &3 if is generaily
usac i1 the brast and vuineralility hiergture. which 18
SNty 30eMNg, TIDUISE Der unt area. Of course,
true xMOUISe 15 [he hMe Xtegral of force.
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where “t" is the decay time canstant. There are
saveral factors that estabiish the duration ot
the overpressure puise, and hence the im-
puise, including the quantty, energetics,
spatial distnbution of the exploding matenal,
and the aistance from the centre of the explo-
sion. Useful approximations for computing
FAE overpressure and impulse are given in
Tapte I

Blast waves i0ag targets through diffraction
and drag coupling. Targets are damaged in
diffraction loading becausa of the pressure dif-
ferences that appear across them as the blast
wave passes. The coupling 18 optimum when
the blast wave gduration is less than one fourth
the natural vibration penod ot the target. Light-
weight targets have smort penods. This impiies
short, high-pressure blasts are needed to
gamage them, since the period s proportional
¢ the square root of the target mass. Accord-

fra e Abova: This
C o Acstyns Vistnam-era photo
©T Aminum depicts a
; SKYRAIDER carrying
:::’; 14 CBU-55/8 FAE
bombs.
Ethane .
Ethylene
Ethylens Oxide
Heptane
Kervassns
Mathane Tabis Ii: Some
Propane possible FAE fueis
that have been
Propriens successtully
Progyiens Ode | detonated.

ingty, diffraction-gomnated coupling is most
effective against overpressure sensitive tar-
gets

Targets ars damaged by drag Icading be-
causs of the drag resistance to the air maving
rapidly over them. Orag load damage in-
creases in proportion to the duration of the
biast. Since impuise is the product of over-
prassure and time, it is clear that impulse dom-
inated blast loading is most effective against
drag-sensitive targets. Orag-sensitive targets
are usuaily considered “soft,” while giffraction-
sensitive targets are usually considered “harg”
(Table V).

Many targets are vuinerabie to both diffrac-
tion and drag loads. For example, an autlg-
mobiie exposed to a blast with s wmndows
closed might have its roo! crushed and
wingows broken by diffraction loads, while s
radio antenna 15 tom off and the vehicle rolled
over by drag lcads.

FAE weapons, with their relatively long im-
pulse and relatively low Dlast overpressure, are
ideally best matcheg o soft targets. Aircralt,
unreinforced buidings. mussiles of all kings,
tnucks and other unarmoured motor venicles,
ragar and communications antennas. ang
troops are soft. Lightly armoured combat ven-
ictes, APCs and the nke, remnforced buiidings,
concrete bunkers, artilery, and tanks vary from
intermediate to hard, and accordingiy may not
be suitable FAE targets. However. one should
not ovenook the possibility of artacking tne
soft sub-systems mounted on hard targets.
For example, lanks ana APCs could be render-
ed virtually useless by destroying therr an-
tennas and external stores.

Any target, harg or soft. requires a certain
minimum or cntical impulse ang peak over-




pressyre to be damaged. Once having satis- Fig. 3a Target
fied thess Minimum requirements any combin- pressure/impulse

tion of impulse and gverpressure will do the wuinerabiiivy.
,0b.. This information can be very conveniently
presented in a P/ vuinerability diagram, as
shown in Figure 3a. The curve in Figure 3a
saparates the wulnerable and invuinerable P/l
domains for a given target. Every target has its
own curve. The harder the target, the more the
curve moves up and to the right. reflecting

greater minimum impulse and overpressure for
assured destruction. it 1§ often not practicacle
to caiculate the curve, even with a large com-
puter, althougn it can be computed for scme
simpie systems. The curve is more frequently
cefingd Dy a combination of expenmental and
computational tecnniques.

Figure 3a represents a hypothetical soft
structurs vuinerabiiity. Figure 3b shows the P/l

= F & T ; Fig. 3b: Companson  curves for hypothetcal sof and harg struc-
i E s vl g-.‘ o of hard and soft tures togethar with a plot of P and ( as a func-
; A5 A E target vulngrablity to  tion of blast radius for 227 kilograms of TNT
*5%;%&_@:& ‘x T 227xg of TNT and ang 227 kilograms of a typical FAE fuel. Figure

FAE. 3b instantly shows the advantages and imi-
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Iranzik ¢
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*qQuivalent/equal masses of
ana FAE explosives immediately
bdvantages and limtations of FAE
(Figure 4, b). The peak over-
Avaiable in the near fieid from FAE
Antially isas than thoss of TNT and
SMoctven 008, This significantly limits the
the otn:,nm of FAE against harg targets. On
MDuine um F‘m 45 shows that the FAE
TNT. Tha boul a hundred times greater than
ags dmng""ﬂ FAE & much greater effective-
here 10 pou o1 (8RS8, It is also approoriate
Noclear Qut that FAE is not a substituta far

48 has sormetimes been re-

ANGE]
in g N
smait s he Hersture. 1t might be used on a

honcrs h‘:,:::’““'&u Auclear weapons ef-
O FAE tyg Bility testing, but the guantity
P ey 8
O0ag
Fag

10 substitute for a tactical
M“"’“‘ 1 aven tractional kiloton yieid
2 very practical Gevice. An
& yield squivaient to a 0.1

mdl’whmmw
YR detoneting it at the comect

Tabie il FAE biast
compuiation.

Fig. 4b: Impuise for 1KT nuciser,
TNT. FAE.

tima. A generic FAE bomb (Figure 3) might be a
right circuiar :ﬂnder. two of three diameters
long, filled with tuel and fuzed to durst open at
a suitable distance above the ground. A burs
ter charge of high explosive, weighing 1 or 2%
of the fuel waight, is located in a tube aiong the
bomb’s central axis. The purposas of the burs-
ter charge = to break open the contaner and
distribute the fuel in a cloud such that the
voiume of ar filled wik contain sufficient
oxygen for complote fuel oxitization. This
VOIUIMe is determmed by the quantity and reac-
tion chemistry of fusl (Figure 1). When the tusl

is a fiquid the burster charge aiso serves the
purpose of shattenng the liguid into a micro-
mist aerosal 50 that it can be detonated. This 1s
an extremely wnportant and deticate funcuon
since the detonability of the fuel 15 determineq,
n part, by the aerosol droplet size.

The aerosol 18 detonated once the cloud
reaches the diameter for the optimum fuer-ar
rato (also kown 3s the stoichiometnc ration.
The "second event” detonator. ke the burster
charge, is 2is0 a high expiosive weighing a few
sercent of the fuel weignt. The reason the Dur-
ster charge ggesn't detonate the fuel while the
Jdetonater does, is that the fuel is not in a get-
anapie aerosol form at the “first event.” The
Jetonatcr 1s ejected from the genenc bomo
snartly defora the burster cnarge goes off. It s
slowed with 2 suitable drag device so tnat it
anters the aerosol cloud and detonates at he
instant of fuei-air stoichiometry, An FAE weap-
on would be considerably more simple if s
SDviously very tncky procedure could be avor-
ded by finging some way to get the fuel to seif
detonate the mstant it reaches stoicniometry.

The effects of weather on FAE cicug forma-
tion anag detonation are not very well known,
Apart from some aneccotal data it has been
established that temperature ang humidity can
change the required detonation energy oy as
much as 10 or 20 %.

Frg. 5. Genenc FAE
bomo.

Safety is an important 1Ssus in weaponising
FAE. Some fuels, such as aluminum powaer.
ara bermgn, while others may be Corrosive, un-
stabie, inflammable, explosive, or toxic. Table
V lists a faw of thesae factors for some seiected
fuels. Sometmes a fuel can be seiected to re-
duce some of these hazards. For example. the
high volatility of ethylens oxide makes n dif~
ficult to contain safely at elevated temperza-
tures. Propylene oxids is, nevertheless, 3
somewhat difficutt matenal to handie and
store, and couid pose a fire hazard if the con-
tainer isakad. InCeed, liquid fueis, in general.

My Tartunciomm: Lim PEMA, . o we
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are often iooked upon as more haqardous than
solids bacause of potential leakage prodiems.
Geling the iguid 1S one pctential method of
ceatng wrth this gdifficuity that is currentty
being investigated.

The weaporusation of FAEs is 3lso some-

~es controfled by the selection of the delivery

‘ainer. it the container is already deter-

ed. for exampie, the weapon must be con-
taineq in a standarg 226 kg (500 pound) bemb
assemply, or n a 155mm artilery shetl, then
the quantty of fuel may be either weight or
voiume fimted. Such constraints can give
aoded importance o high-censity fuels.

The only US FAE weapon ever fielded in
battie in significant numbers was the 8LU-73/
8 contaning 33 kg (72 pounds) of ethylene
oxide. It was usaed by the navy in Vietnam in the
CBU-55/B cluster bomb. The CATFAE mine-
field cleanng systam is curmently in devedop-
ment, but it is still several years from produc-
tion. Other FAE weapons have been developed
with varying success, but none have been de-
ployed. Thess include the FAESHED,
MADFAE, SLUFAE, HFS-, HFS-Il, BLU-35/B,
anc BLU-96/B. Elsewhere in the West there
seems to be iittle interest in developing FAE
weapons with no non-US programmes known
to the author, except for the Canadian
FALLON FAE line charge mine-cleanng
system. Persistant reports of Soviet FAE
weapons deveiopment and use appear to be
conjecture Sasad on hearsay or anecdotal evi-
dence, or extrapoiations from normal Soviet
activities n chemistry and explosive dynamics.

HE w Hign Eapiasive
FAE = Fusi-Ait Expicsive

Tabie IV Hard and
soft targets. piast
coupiings, and blast
sources.

Tabie V: Sarety
issues for soma FAE
fusis,

Quality Control
Ordnance

Radiography / Radioscopy of
Artillery Shelis, Montars, Mines, Torpedos or Solid Prapeilant
Motors.

Varian LINATRON, the X-ray source for High Energy Radio-
graphy Facilities for Ammunition Filling Plants.

For funther information call or write to:
Varian international AG, Radiation Division
Steinhauserstrasse / CH-8300 Zug/ Switzeriand

Tel (042) 448844
Twx 868 841/ Fax {042) 4134 46

varian®

— ey "



The FAE "gap” sometmes aliuded 10 1§ prooa-
bly more a worse case fear than a hard reaity.
In any event. the designation of Soviet or
Westen FAE weapons as "second generation”
or “third generation™ considerably inflates the
parg reaity which better suggests the exis-
tence of a “1-1/2” generation at best.

Deployment and Use

FAE weapons deveiopment has Deen
somewnat eratic over the years. Some of this
has onginated trom misunderstanaings of the
FAE pnenomena, some frem the aifficuit
weaponisation problem which to some degree
ramams yet unsolved, and some to the West's
fixation on Sowiet tanks. the hargest of hard
targets, FAE, of course. 1s not weill matcned
against harg targets. On the other hand. there
is now sufficient xnowiedge and experience 1o
successfully get on with the weaponisation. As
for Soviet tanks. the tactician would surety
acknowiedge that there are agdcitionat targets
on the battlefieid of comparabe importance
that are «deal soft targets for FAE. For ex-
ample, the Icss of battalion C7| assets couid ef-
fect the battle as much as the loss of all the
Jnit's tanks. Moreover, the global poiitical pic-
ture 1s slowly cnanging. A study done by the in-
temational Institute for Strategic Studies has
suggested tnat future combat is much more
likely to occur where hard, armmoursd targets
will be (nfrequent. but whera soft targets wiil be

_the rule.

FAE weapons are sufficiently novel that the
impiications of ther existence should be ex-
armineg. FAE fuel clouds envelop targeted
areas. Accordingly, the FAE projectile need not
make a direct hit on the target to be effective.
For exampie. a nveteg aircraft would be un-
harmed if a 227 kg HE bomb expioded five
metres away on the other side of the revet-
ment. A 227 kg FAE weapon set off at the
same gistance would create a tan-metre radius
aerosol cloud enveioping pan of the revetment
ang the enciosed aircraft which wouid be sev-
erely damaged by the detonation. This means
that the CEP and guidance reguirements for

The BLU-73/B FAE
bompiat (ngnt)
contains 33kg of
athylene oxige.
Three BLU-73/8s
are accommodated
insice tha CBU-558
cluster bomb
(batow), tha onily
FAE weapon ever
useqg in battie n
significant numbers.

QV-10A BRONCO, carrying three CBU-55/8
FAE cluster bombs.

FAE delivery systems could be considerably
easeq. The cost consequences of such re-
duced requirements could be significant.

CATFAE, a mobile mingfieid clearing system
with 21 catapult-launcned rounds, each con-
taining 63 kg (139 pouncs) of FAE fuel, will
penetrate conventonal minefields with such
ease and speed that it brings into question all
future tactics that rety on conventional mine
barriers. Moreaver. the CATFAE rounas would
be highly effective against dismounted infantry
in gug-n squad and platoon posILCNs.
Foxnoles ang buildings provide very little pro-
tection against an enveioping FAE cioud and
its blast effects. A singie round could have a
lethal radius of ten metres or more.

FAE as a demoution mine-cleanng weapon
was used in Vietnam 0 prepare nhencopter
landing sites in the jungle by clearng loiiage
and mines. FAE weaoons used in this manner
give additional flaxibiity to helicopter opef-
atons.

This form of expiosive could become the
most frequent weapaon of choice In future con-
flicts, because t s pnmanly a Ssoft-target
weapons. Recent nistory suggests that the era
of big power wars may nave ended. While nuc-
lear powers dare not attack each other. smaiter
nations ¢ontinue manceuvnng for advantage

LAY L ey T o

vig-a-vis their neighbours and the larger
nowers. Confiict in such a context is more
‘ikeiy to present soft rather than hard targets. It
s important 1o understand, however, that the
assenual area weapon charactenstic of FAE
Jves one relativiey little capacity to Ois-
snrminate between targets and, therefore, pre-
iudes s afficacy in operations directly among
2vil populations.

The future of FAE and its waaporisation will
<Jepand very much on its assessed utiity as a
~otal system within the combat requirements of
“he West. !t nas potential in the classical
sombat contaxt qr any combat where there aré
.dentfiabie soft targets. The most productive
“uture deveiopmental aetforts will probably be n
the direction of weaponisation
and the creation of ssif-detonating @
fuesis.




TUESDAY, December 18, 1990

SUPPLIED. ..from Pg. 1
dded Richard E. Donneily, who
. ly served as acting deputy as-
% secretary of defense for pro-
__.uan: "Nationa] security comes m
many flavors. It just isn’t raen and
women, ships, aircraft and tanks:
it's the ability of our industrial in-
frastructure to supply.”

Apart from the sheer size and
speed of the military buildup in the
guif, the desert environment in
which it is taking place has put ex-
rraordinary demands on the supply
system. “It’s kind of like you packed
to go on vacation in Alaska and you
ended up in Hawaii,” said Donna M.
Heivilin, director of logistics issues
for the General Accounting Office.

Clothing manufacturers have
been ordered to switch [rom the
traditional woodland green combat
fatigue to a lighter, desert tan ver-
sion. The steel plates that lined the
soles of combat boots, designed as
: protection against sharp punji
stakes in Vietnam, have been re-
moved because they were unnec-
; essary and got het, officials said.
* Special care has been taken to pro-
i vide food products capable of with-
: standing extreme desert heat.

Operation Desert Shield’s effect
is being felt in places such as Beloit,
Wis.. and Plainview, Minn., both lo-
~dions of Geo. A, Hormel & Co,

that are working overtime to

44.6 million order for micro-
~uvable entrees of pot roast, lasa-
gna and other food items.

The pace got so intense last
month that Hormel told some com-
mercial customers certain promised
orders were being diverted to the
Sentagon. Some, like Giant Food in

indover, did not object, but other

‘ms—inciuding a large food

ain—were unsympathetic.

“Let's put it this way: it strained

ir relationship with some of our

wportant  accounts,” said Eric
rown, a Hormel vice president.

In dozens of apparel factories in
the rural south, uniforms are being
produced and jobs have been cre-
ated at a time when economic pros-
pects seemed bleak.

In Mayaguez, Puerto Rico, a
clothing and flak jacket manufactur-
er contacted the local unempioy-
ment office to help find 250 work-
ers after receiving an $11.4 million
Desert Shield contract.

In Broaklyn, N.Y., the Isratex
line of chemical warfare protection
suits suddenly has a new market.
And inside the Bastrop, Tex., fed-
eral prison, 110 inmates are being

approximately 88 cents an
to rivet bullet-resistant hel-

S .
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MINNEAPCLIS STAR-TRIBUNE

Possible
Honeywell
data sale to
Iraq probed

By Sally Apgar
Saff Writer

Pentagon investigators are question-
ing Honeywell executives about: the
pessibility that plans for a sophispie
cated missile puidance system were
sold to Iraq through s Swiss arths
broker.

Weapons experts 3aid that the posti-
bility of Iraq possessing plans for thé
Honeyweil guidance system could

more wormnsome than Hooeywel's

- recently reported sale of a 300-page
- techrical study on a powerful bomb

10 the same Swiss arms broker. The
guidance system could give any mig
sile a deadly precision.

It is pot known whether the Honoys
well guidance technology is in the
hands of the Lragis, who have begd
scavenging technology from W
defense companies for at jeast. g
years, according 10 defense expen.:k’}'
Two weeks ago, it was reporied
Honeywell sold a study oo s bombs,
called 3 fuel-air explosive. to Irag e
$100,000 through IFAT, a Swisi
company working for Argesting
Egypt and Iraq,

The 1984 sale is being examined by
the Pentagon and Honeywell invesi
gators from Covington & Burlingad
Washington, D.C., law firm hired §6
ter the sale was made public.

Dec. 15, 1990

possible sales to IFAT. Pentagon offi-
cials asked the company 1o look for
documents that would indicale
whether plans for the ring laser gyro-
scope were so0ld 10 IFAT.

*We have not been able 10 find any
information to support that inertial
guidance technology was transferred

. 1o IFAT.” Honeywell spokeswoman

Susan Eich said Friday.

Clyde Bryant, chief of compliance for
the State ent's Office of De-
fense Trade Control, said that fuel-air
explesive and ring iaser gyroscope
iechnologtes are “ughtly controiled.”
At the time of the aileged sales, Bry-
ant said, the two technologies were
on the State Department’s munitions
list and would have required permis-
sion and an export license from the
government, Those licenses are not
public.

Heneywell came under Pentagon
scrutiny along with other U.S. de-
fense contractory after five senators
wrote a letier 1o Secretary of Defense
Dick Cheney in Sepiember. They re-
quested a Pentagon investigation 0
determine whether Américan compa-
nies soid military techaology o Lraq
that could be used against U.S,
roops in the Persian Gulf.
Specifically, the letter questioned
how fuel-air technology got into Iraqi
hands. Subsequently, Honeywell was
drawn into the review by reporns of
the bomb study sale.

The bomb, which Honeywell devel-
oped for use in Vietnam, detonates in
two stages. The first disperses an
aerosol cloud of fuel over a large area
and the sccond ignites the vapor into--
a deadly burning cloud. Weapons ex-
perts say that within an area the size
of three football fields, the bomb can
{lip planes or boats, demolish build-

_ings or bunkers and kill people by

Pentagor sources said last week that

they are questioning Honeywell 15
determine whether one of its exeap
tives sold plans for a ring laser gyfp>-
scope 10 [FAT in 1984. The deviceid
considesed the heart of Honeywell
guidance systems and is manufac.
tured at its plant on Stinson Blvd in
nonbesast Minneapolis. -

The device, which employs a system
of lasers and mirrors, can be used 10
guide commercial or military aircraft
as well as missiles. Weapons expens
speculate that the [raqis would use
the technology 10 make guidance sys-
tems for missiles loaded with either
chemical weapons or expiosives such
as the fuel-air explosive.

Inteliigence sources believe the Iragis
are at least » year from building a
nuclear bomb.

Honeywell acknowledged that inves
tigalors from the Defense Technol-
ogy Secunity Administration met
with company officials Tuesday w0
discuss the bomb study and other

fire or concussion.

“We're looking into everything and -

anything Honeywell may have done
transferring technoiogy to Irag,” De-
fense Depanment spokesman Rick
Obom said last week.

Inieiligence experts say that during
the 1980s, iraq became increasingly
resourcefyl at procuring different
technologies and weapons materials
from the West by using several front
companics and agents. .

At the heart of these companies is
IFAT, which is pant of Consen, a
network of 16 companies based in
Zug, Switzeriand, and Monte Carlo,

‘Monaco.

“Zug is a nest of techno-bandits,”

'said William Triplett, an expent on

Iragi weapons and poison gas pros
curement who works for the Senate
Foreign Relations Committee.

“There are more fax machines and-
fake banks in Zug than probabiy any-
where else in the world.”

In their letter, the senators said’ that
Messerschmitt-Boelkow-Blohm, Ger-
many's largest aerospace firm, may

Pg. 19

have been most directly responsibie
for giving the fuel-air bomb technol-
ogy 10 the lragis. They noted that the
alleged transfer would have occurred
duning the “Egyplian-iraqi Condor [1
bailistic missile project to which
(Mc:serschmiu) was & Ma;jor contrac-

tor.
[n 1984, Iraq, then in a death struggle
with Iran, joined forces with Egypt
and Argentina to procure their own
version of the U.S. Pershing missile.
The iraqis are sttempting to build
what is believed 10 be 2 two-stage,
solid-fuel rocket with 2 range of 620
10 650 miles. That project, known as
Condor Ul or Bader 2000. invoived
the use of companies such as IFAT as
nts.
Coansen, which includes scientists
and engineers from Messerschmirt
and other Western defense compa-
nies, supplied technical support for
the three nations as they pursued
several armament projects, according
to investigatory.
Initially, money and technology
flowed in and out of Egypt. But even-
tually, experts believe, 1he three
countries split and Iraq pursued the
acquisition of chemical and expio-
sive weapons sysiems on its own,
As Pentagon investigators aitempt 1o
trace the flow of technology ard com-
ponents through this web, there is
much 2t stake for U.S. defense con-
tractors such as Honeywell.
The senators’ letter says that “should
the (Pentagon's) investigation deter-
mine that any U.S. or foreign firms
are culpable, contract debarment pro-
cedures would be initiated immedi-
ately."
Government officials say it appears
that the bomb study did not viclate
regulations governing the export of
military technology because it was
written in a general manner. The
bibliography of the study cites more
thaa 150 public sources.
Honeywell said iast week that its ini-
tial investigation aiso showed that
the study consists “of already pub-
lished, unclassified information in
the public domain, Such generic in-
formation, readily available to any-
one who wanted it, would by nself be
far from sufficient to design or build
an FAE weapon.”
Honeywell said that it has encour-
aged empioyees to come forward
confidenually or 10 use the compa-
ny's ethics hot line if they have infor-
mation that will aid the investiga-
tion.
Michael Butler, 3 Washington attor-
ney who works on many export b-
censing cases, said the penalties for
violaling export laws are so scvere
that companies ace extremely careful.
“There's icthal language in the regu-
lations that basically says companics
can be barred from eaponting any-
thing,” he said. “A big company just
can't afford to get involved in this
kind of thing.” .

GIs...fram Pg. 14

“So his numbers should not be
a problem,” he concluded
“With our mass and our technolo-

£Y, it should be 2 pushover.” .
So say the model-builders But

skeptics remain unconvinced.
“Models and modern analysis

can do lots of things,” one expen-

enced former officer said “But
they are not good at prediction, at
telling you how fast you'll move,
how long the war will take, how
many men you'll lose.” .

17



TUESDAY, December 18, 1990

SUPPLIED...from Pg. 17 the 1380s.

Perhaps the most critical supplier
in the days immediately after the
August decision to deploy U.S.
troops to the gulf was an ancient
clothing factory in a busy neighbor-
hood in South Philadelphia. The
only such factory owned by the De-
fense Department, the plant once
outfitted soldiers in the Civil War.
Now, 1,500 uniforms, 700 hats and
700 canteen covers are being
churned ou: daily b 1,500 civilian
employees,

One worker, Ella Abner, 68,
started at the plant 48 years ago.
She remembers operating a sewing
machine during World War II, in
which her brother fought. She bun-
dled uniforms during the war in
Vietnam, where her son served.
Now she removes spots from new
desert fatigues and writes ta Em-
mett Abner, her 20-year-old grand-
son, a Marine in the gulf,

Elsewhere in the sprawling com-
plex, which includes offices of the
Defense Personnel Support Center,
officials are cutting red tape to
make the necessary deals to meet
the Pentagon's urgent timetable.
rPaperwork 1o follow” is the byword
of the hour. Where once it took up
to six months to consummate a mil-
itary contract, huge deals now are
arranged in just a few days.

For example, Wrangler, the jeans
maker, had not done defense work
since the days of the Vietnam War,
On Oct. 2, it was contacted by the
Defense Logistics Agency, and on
Oct. 17, it had a scle-source, $17.2
million contract to produce 1 million
pairs of battle fatigues. The first
ones came off the line Tuesday.

The chiel commercial benefici-
aries of Desert Shield appear to be
specialized companies—the makers
of uniforms, producers of boots, as-
semblers of food packages and man-
ufacturers of everything from chig-
ger repellant to sunglasses to nerve
gas antidote.

Paradoxically, the huge contrac-
tors that provide the Pentagon with
its most sophisticated and expen-
sive systems have so far benefited
less, experts said,

“The performance of the supply
system of Desert Shield has nothing
to do with the ability of the [de-
fense} industry to react to a crisis,”
said James Blackwell, a senior fel-
low at Center for Strategic and In-
ternational Studies, who studies de-
fense industrial issues. "It has ev-
erything to do with the fact that
people in the supply business were
able to take things off the shelves
2nd move them down to Saudi Ara-
bia,” thanks in large part to sur~
pluses' resulting from the Pents-
gon’s huge acquisitions programs of

“I think the system’s basically liv-
ing off of what was aiready in the
pipeline,” said Norman R. Augus-
tine, chairman and CEQ of Martin
Marietta Corp., and a former un-
dersecretary of the Army. "There's
been very little impact on the indus-
try as a whole, 2nd certainly that's
true of our company.”

- Augustine said several of his
firm's systems are part of “the
Desert Shield operation—such as
Hellfire laser-guided missiles for
Army attack helicopters and the
LANTIRN nighttime navigational
system for Air Force fighters—but
the production of only one set of
items—portions of the Patriot mis-
sile made for Raytheon—has been
accelerated.

Although many defense experts
said Operation Desert Shield offers
no promise of reversing planned re-
ductions in future defense budgets,
some bigger firms may still benefit
from the proposed $20 biilion Saudi
arms package and other arms deals
involving Middle Eastern countries.

Meanwhile, hundreds of firms
around the United States continue
to manage the day-to-day problems
of keeping alive the supply lines to
the guif, »

In Vineland, NJ., National

Freight, on call seven days a week
for the Defense Logistics Agency,
is one of several firms with con-
tracts to haul supplies from man-
ufacturers to military depots in
places such as Memphis and Rich-
mond. The burst in business has en-
livened an otherwise slow holiday
season. “ don’t want to see us go to
war,” said Jelf Brown, vice presi-
dent for sales and marketing, “but it
certainly fit in.,.. The govern-
ment came at a real nice time,”

In Lincnln, Neb., Calvin Fisher,
owner of Fisher Foods and an in-
ventor of “spray-dried,” just-add-
. water scrambled eggs, said a new
$14 million Desert Shield contract
for his “Ready Egg” is triple his noz-
mal annual military sales, and he
suspects the troops will soon need
more of his product.

“For cripes sake,” he said of the
soldiers stationed in the desert,
“they’ve got them cooped up, they
can't go anyplace and they’re eating
like crazy.”

The three firms that produce
MREs—the dehydrated Moeals
Ready-to-Eat that constitute a main
source of nourishment for U.S,
troops in the desert—were axpect.
ing cuthacks in Defense Depart-

ment purchases of nearly ‘30 per
cent this year. But sale;ﬂyso:redp?f-
ter the gulf deployment began, (r
2% million cases annually, to
million cases per month, said T
Bevels, the industry's Wathingt
ive. "We can barely
keep up with the demand.”

Wrangler's contract with the
Pentagon may pay off in more ways
than one. After it was anncunced,
the firm was deluged with cails, said
Bill Koronis, a campany official. An
upscale mail-order house wanted a
line of camouflage trousers, A na-
tional retailer asked for camouflage
childrens’ shorts. Several Saudis
called from Riyadh, Saudi Arabia,
requesting a private deal with the
firm.

The news is aiso good for
Wadeville, N.C., where McRae's
big layoff had a severe impact in the
community of 1,000. It could have
all been avoided, said McRze, who
said he warned defense iogistics of-
ficials last year that their decision
to stop purchasing combat boots
was unwise,

“We had a meeting with them.
We told them, 'Look. you've got to
keep us alive. You don’t know when
a war will break out. . . . We've al
ways had a war sooner or later.” *

THE RUSH TO SUPPLY DESERT SHIELD

SELECTED DEFENSE CONTRACTS AWARDED IN CONNECTION WITH PERSIAN GULF OPERATION

ALBANY, ORE.
$10.4 million to O
Freeze Dry for 577,632
cans of chicken, pork
and diced beef,

Hormel &
2

PLAINVIEW, MINN, &
BELOIT, Wis,
$44.6 million to Geo. A.

for
5.6 million "food

LANS!NG, ILL
$30.4 miliion to Land
O’ Frost for ready-to-

}

DALLAS
$15.6 million to Sidran
Inc. for 200,000 ¢chemica!
pratective suits,

SAN ANTONIO
$86.4 million to Star Food
Processing,

Inc. for .

ready- m g:lj% weather boots.

to-eat food rations. Vo [

: Wik MAYAGUEZ,

NEW ORLEANS SEuMA AR '}E’:- PUERTO RiCO 95\
$12.7 million 1o American Appared fo7 $11.4 miilion to -
J. H. Rutter Rex Mamufacturing 415,000 ngw internationad for
for 750,000 desent compat daytime dasent 780,900 pairs of camouftage
¢amouflage coats, trousers and flak jackets.

camoufiage coats,

CINCINNATY

$30.7 miilion to CINPAC
for 21 milion packages
eat food rations. of chicken stew ang

chicken 3 la kin:i

Notorm e
stional nc.
helps move datense
Suppiies,

= PHILADELPHIA

1,300 civilian defensa
employees makas combat
[TLE , hats and canteen

WADEVILLE, N.C.
$8 milllon to McRas Indusiries
for 199,000 pairs of hot
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Honeywellsays
bombdatasale
violatedpolicy .

';\J

By Tom Rambarger and Sally Apgar
Staflf Writers

Employees at Honcywel| Inc. violat.
ed company policy by ’dlkl]-_! & report
on fuckair cxpiosives (FAE) bombs
to a Swiss firm acring on behalf of
other foreign coustrics, an internal
Honeywell investigation has fourd.

" But the 1984 sale was made in good
faith and without intent to violate .

the law, the report said. The compa-
ny concluded that the sale of the non-
classified document required no dis-
ciplinary action. -

“It was 3 mistake,” said Honcywell
Chairmac James Resier in an inter-
view Thursday. * ... Clearly, some
people assumed that since this repart
was not classified it was all right to
go ahead ™ .

He wid company polioy dictates that
every documen
eywell, including
for scientific jourmals, must go
through an approval process, -

“My frustration is that it went
around standard " be szid,
“It absclutely is an anomaly * ‘

Honeywell's two-menth investiga-

tion was sparked by news reports that
Iraq had acquired & description of the

company's FAE technology by using = -
Europe, Hoa. . .

“front™ companies in
eywall said it thought that the FAE
study was ultmateiy destinéd for

Egypt, and had no knowledge of Itagi

involvement.
Honeywell provided its findings to

Defense Department investigators

Bomb continued on page 16A

t coming out of Hon- . :
{ i
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Bursting charge

Fuel: Those successfully detonated inciude acetylene,
butane, ethane, ginylena, ethylene oxids, heptan

Fuel-air explosives

As their name implies, fuel-air explosives detonate after the fusi the
in the air. They can be deliverad 10 a
High explogives such as TNT
and buned bunkers bt the force of their shock waves does not cany
as far as that of the FAE bomb. In addition, the cloud of fuel that .
precedes the FAE blast can penetrate structutes before exploding.

farget by the same methods
can destroy hardened targets such

as conventional high explosives.
as tanks ¢

Tail fing

aluminum dust,
e, karosena,

y contain mixes with ibe oxygen

Detonator
ejection ¢
-

methane, propane, proplyene, propylens oxide. Drag device N T &
g Detonator
BN At a suitaie distancs'above the-giqund e EJ When the fuet and air are mixed at the proper ratio in the )
luelair cloud detonator.and'its g&mmm— o expanding cloud, the detonator fires, causing the cloud 1o -
like drag device i gjected: - - "L oy o expiode. The resulting birst is cevastating to unammored
Corn My P : - targets such as tucks, parkad aimplanes and soidiars, -
- WY b {. “.\ .“:':_: "
! G O :
MLy
. N S5 phaal <Ny ;
N FEIR A A R I PSS T s oiaprr - %2
Seconds lator, the 8. ag, | | Below is a cOmparisan of the.
E rupturing the mmww&pm LY |-pound FAE bombusing
rapidly dispersing a clobd'of tugl - {7 "~ |. high explosive;TNT-bomiros
inta the air over the target. .. ‘¥l T o) £the £AE bdmbiis 70 e

,

Source: Louis Lavoie

BOmb Continoed from page 1A

earlicr thic wesk and will be usad in

for Israel.

ihc depaniment’s continuing prebe of

[12qi weapons transtirs.

The FAL bemd. Zevzioond in the
i% 03, s Zpeeiath. valued in desert
wirdere It dizperses an serosal cloud
of fuel uver a large arca, then ignites
e vapor. The resultine Bast can

Honeywell providod the Star Tribune
a four-page cxecutive summary of its
investigation conducted by thc
Washingion, D.C., law firm of Cov-

ington & Burling Honeywell des

clined 1o identify employees ia-

valvad in tha cale Jmalodine sCaoa

senior executives approved the deal.

However, minutes of & midulevel

staff’ ing indicated senior-ievel-
approval before the FAE report was -
written, he said.

The two-part report concludad that
there was no evidence of any mikitary | -
sales directly or indirectly to Imq. .

But Pentagon and U.S. Customs ine



- - e v al
ST s ey bewdi GUIACTR, LIP WO PPTOYEE it technology 1o Irsq believe that Iraq
ainjlznes or boats, and kill either by . i
irie or ceacussion. The bomb is con.  Coleman Hicks, the investigating at-  just such 3 Toute, scavenging technoi-
sideaed! 55 Jestnictive that the Unit-  wmney for Covington & Burling, said
e Siates hay deniedt vxport licenses there was no documentary proof that ’Bn-b contisued on pags 17A
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‘Techsystems Inc., the company crest-
ed last year when Honeyweli spua
its defense businenses, concluded

no classified material wea contained
in the 3J00-page report pessed to the
Institule for Advanced Technology
(TFAT) in Zug, Switzerland.

TFAT has boen described s & front

Es

The law firm’s review cited experts
‘who conciuded that Honeywell's
FAE stody was of litde military

:

ks atiod Dat Achs ot
duction to Honeywell was amoothed
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Investigators are questioning Honeywell: T,
~ about the possibility that plans for a missilefz .
guidance system were sold to Iraq. But ana-z -
Iysts say the alleged incident is simply one ofz "
many technology transfers during the 1980s:s

b

U.S. helped |Possible "
Iraqbuild |Honeywell
technology |data sale to ::

S S VS PPNE N Y DS

. :'
forits arms |lraqprobed i
BT e | ShgWRET 4
Washington, D.C. Pentagon investigators are questions?,

If it comes to war against Irag, the | ing Honeywell executives about the:,
United States will engage its most | posaibility that plans for a sophistis»
sophisticated militacy foe since | cated missile guidance systero weres;
World War IL Acd some U.S. com- | sold to Iraq through .2 Swiss arms::-
- panies and policymakers will have | broker. R

themselves {o blame, ALY
" lenq's advanced military capability | Woey of by cosserang plans fa the -
's advanced military capability ] bility o ing p N
could not have been built without | Honeywell guidance sysiem could be 7
foreign support, much of it from the | more wornsome than Honeyweil's
United States. This suppart — in { recently reported sale of a 300-page.,
wespons, technical isformation and | technical study on a powerful bomb ;.
trainiog — was not always provided | to the same Swiss arms broker. Thbe -
surreptitious or illegally. It ofien was | guidance system could give any mis-
provided over the objection of Penta- | sile a deadly precition. Bt
gon officials, It sometimes went with | - . Tt
the blessing of the National Security | It is not known whether the Honey. "
Council, well guidance technology is in the *
bands of the Iragis, who have been”.
“Limiting the flow to lraq was ex- | scavenging technoiogy from Westem <
tremely frustrating,” said Stepben | defense companies for at least siX-
Bryen, former deputy undersectetary | years, according o defense experts, - ..
of defense for trade security during ’ T
the Reagaa administration. “Even | Two weeks ago, it was fepored that+
the things we did sce as problems ran” | Honeywell sold a study on a bomb,

_ into & great deal of pressure — pres- | called 8 fuslair explosive, 1o Lrag foc~.
sure o release things to Irag. We'd | $100,000 through IFAT, & Swist =
point out that a certain product can | company working for Argeatina,”
be used for missiles and we'd end up | Egypt and Iraq. -t
in big arguments with (the Depan- : ) .
ments of) State and Commerce.” The 1984 sale is being examined by.: -

o . tbe Pentagon and Honeywell in
President Bush has nailed against the | gators from Covington & Burling, a:°

. barbarism’ ofSaddam Hussein since | Washington, D.C.;law firm hired af-7

.1 Avug 2 But Tor seven years before | ter the sale was made publie..  ~ * v
, lraq’s invasion.of Kuwait, the Rea- { . - Lo

and Bush administrations re- | Pentagon sources said last week that
ed export restrictions (o Iraq 10 | they are questioning Hontywell 10.:
help keep Lran ig check . | dewermine whether ane of ity -execn- |~

o K t, oo ' tives s0id plans for a ring laser gyro- -

Co . - Minnesota;based Honeywell Inc. re- | scope to IFAT in 1984. The deviceds . -

o from & street In okl Belruts_ downtown this cently was implicated ip the possible | considered the beart of Honeywell «

bR LY
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T Honeywell Coatinuad from page 19A
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guidance systems and is manufac-
wred at its plant on Stinson Bivd. in
northeast Minneapolis. ’

The device, which employs a system
of lasers and mirrors, can be used to
guide commercial or military aircraft

as well as missiles, Weapons experts
speculate that the Ireqis would yse:
- the technology 1o make

tems for missiles loaded with either
chemical weapons or explosives such
as the fucl-air explosive. :

Intelligence sources believe the Iraqis
are 3t jeast a year from building a
nuclear bomb. :

Honeywell acknowledped that inves-
tigators from the Defense Technol.
ogy Security Administration met

"with company officials Tuesday to

discuss the bomb study and other
possible sajes 10 IFAT. Pentagon offi
cials asked the company 10 lock for
documesnts that would indicate
whether plans for the ring laser gyro-
scope were sold to IFAT.

“We have not been able 1o find any
information to support that inertial
guidance technology was tras

to [FAT,” Honeywell spokeswoman
Susan Eich said Friday.

Clyde Bryant, chief of compliance for
the State Department's Office of De-
fepse Trade Control, said that fuel-air
explosive and ring laser gyroscope
technologies are “tightly controlled.”

Al the time of tha alleged sales Bry-
ant said, the two technologies were

- on the State Department’s muonitions

list and would have required permis-
sion and an export license from the

government, Those licznses are not -

public. .
Honeyweil came under Peatagon
scrutiny along with other U.S. de-
fense contractors after five senators
wrote 1 lerter 10 Secretary of Defense
Dick Cheney in September, They re-
quested 2 Pentagon investigation to
determine whether American compa-
nies sold military technology to Iraq
that could be used agarast U.S.
troops in the Persian G

Specifically, the letter questioned
how fuel-air technology got into Jraqi
hands. Subsoquently, Honeywell was
drawn into the review by roporus of
the bomb study sale,

The bomb, which Honeywell. devel-
oped for use in Vietnam, detonates in
two stages. The first disperses an
aerosol cloud of fuel over a large area
and the second ignites the vapor intor
2 deadly mnjng cloud, Wespons ex-
perts say within an area the size
of three football fields, the bomb can
fligpianes or boats, demolish build-
ings ‘or bunkers and kil people by

.

fire or concussion.

L1002 70 PR B

formation,

“There sre more fax machines and
fake banks in Zug than probably any.
where else in the world."

In their letter, the senators said that
Messerschmit1-Boelkow-Blohm, Ger-
many's largesy scrospace firm, may
have been momt directly responsible
for giving the fuel-air bomb technol
ogy 0 the Iragis. They notad that the
durtng the Eaypuan ey Conred
uring the ™ tuan-lraq: or
ballistic missile project to which
(Messerschmitt) was a major contrac-
171 Al ' '

In 1984, Iraq, then in a death stroggle
with Iran, joined forces with Egypt
and Argeauna 10 procure their own
version of the U.S, Pershing missile.
The Iraqis are attempting to build
what is believed to be 2 two-stage,
solid-fuel rocketr with a range of 620
to 650 miles, That project, known as
Condor Il or Bader 2000, involved
},h: usc of companies such 2 IFAT as
nis. )

Consen, which includes scientis
and engineers frors Messerschmirt
and other Western defense compa-
nies,. supplied technical support for
the three nations as they pursued
several armament projects, according
10 investigatory .

Initizlly, money and technology
flowed in and out of Egypt. But even-
tually, experts believe, the three

- countries split and Irag pursued the

acquisition of chemical and explos
sive weapons systems on ity own,

As PentAﬁun investigators attempt to
trace the tlow of techaology and com-
ponents through this web, there is
much at stake for U.S. defense con-
tractors such as Honeywell

The senators® letter says that “choukd
the (Pentagon's) investigation detes
mine that any U.S. or foreign firms
are culpable, contract debarment pro-
et‘ad&;m would be initiated immedi.
ately.” .

Government officials say it appears
that the bornb study did not violate
regulations governing the export of.
military technology becsuse it was
written in a general masner, The
bibliography of the study cites more
than | 50 public sources.

Honeywell said last week that jts inis
tial investigation also showed that
the study consists “of already pub-
lished, unciassified information in
the public“domgin. Such i€ ine
y*gvyilable to any-
one who wanted it, would by itself be
far from sufficient to design or build
aa FAE weapon.” '

Honeywell said thar it has encour
aged " tmployees o come forward
confidentially or 10 use the compa-
ny's ethics hot line if thev have infor-
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SUMMARY

In August 1984 a proposal, by Honeywell Control Systems Limited,
Bracknell, Berkshire, England, on behalf of the Institute For Advanced
Technology, Zug, Switzerland, to consider the preliminary assessment
activities concerned with the development of a fuel air explosive
(FAE) warhead, was accepted. The proposal undertock to provide a
status report on the work completed at the mid point of the study,
whieh has now been reached. This paper represents the mid study

progress report.

In undertaking the work, it was necessary to consider the available
literature on the subject, with a view to the appreciation of both the
development of any current FAE weapon systems and any research
orientated work concerned with the problems of successful fuel air
explosions.

In so doing, it is evident that little information is available in the
open literature concerning development of FAE weapon systems.
However, it does seem that considerably more discussion on the subject
took place during the early 1970's than the current time. Not
withstanding this, the US Government have continued to support

research intc the topic.

Drawing on the available literature into the research of fuel air
explosions and our own expertise in this area has allowed the
consideration of various fuels together with methods of dispersion and
detonation. Mathematical models have been selected to assist in the
measurement of fuel energy yields and blast calculations in order to
recommend a FAE payload for the final report. Targets and their
vulnerabilities have been identified. An area effects model for the
final assessment has been developed. The system assessment program
for the remainder of the study has been ocutlined.

Without wishing to prejudge the conclusions of the Final Report, work
to-date does indicate that a FAE warhead is capable of offering a
worthwhile payload for the Ballistic Missile.
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1.2

CKGR

In May 1984 a proposal by Honeywell Control Systems Limited
{(HCSL) of Bracknell, England on behalf of the Institute For
Advanced Technology (IFAT) of Zug, Switzerland was made. (1)

The study proposal covered the necessary preliminary assessment
activities concerned with the develcpment of a fuel air
explosive (FAE) warhead for application to a Dballistic
missile. The study 1includes activities aimed at reviewing
available data con the subject, an analysis of the lethality of
different FAE options and the selection of the most effective
fuel type.

The propesal was accepted on 6 August 1984 and the work
commenced on that date. The work is being undertaken by two
Honeywell assessment groups:

a) The Operational Analysis Department (OAD) based at
Bracknell, England, and

b) The Defence Systems Division (DSD) based at Minneapolis,
U.S.4A.

The OAD are acting as Prime Contractor in all matters
concerning the study and DSD are providing effort on a
sub-contractual basis.

Further specification of the proposal and the work items to be
undertaken are available from HReference 1. The proposal
undertcok to provide a status report on the work completed at
the mid point of the study.

ALY

The z2im of this paper is to provide a status report on the work
completed at the mid point of the study and to indicate the



1.3

SCOPE

In the remainder of this section, a note on the units used in
this report is given, followed by a brief overview of fuel air
explosives by way of a short introduction to the subject.

In Sectien 2, the result of the literature survey into the
subject is given and comprises a discussion on aspects of FAE
detonation and blast; followed by a review of FAE weapon

systems.

In Section 3, fuels available from a petroleum refinery
together with their relevant physical and chemical properties
are discussed. A list of fuels 1is drawn up together with

calculations to indicate their relative performance.

Section 4 deals with the preblems associated with aerosol cloud
formation. Both the primary and secondary droplet breakup are
censidered as well as burster c¢harge, c¢cloud shape and

structure.

Section 5 considers different methods of aerosol cloud
detonation and discusses the time delay for cloud detonation
and the possibility of multiple cloud detonation.

Section 6 deals with the measurement of blast effects from
explosives and discusses a range of mathematical models used
for that prediction.

In Section 7, the targets to be considered for this study are
identified together with a presentation on their vulnerability
to blast overpressure.

Section B deals with the assessmnet methodolcgy to be used for
the recommendation, in the final report, of the preferable FAE
payload option.

Finally, in Section 9, conclusive statements are made on the
precgress of the study at its mid point.



1.4

1.5

UNITS

SI wunits have been used wherever practical and appropriate.
The only exceptions are where equations are used from the
literature which have other units. In such cases, we have
inserted a conversion constant to adjust to SI units.
Equations presented without units specified or in non-metric
values are heuristic expressions not intended for computation;
accordingiy, the units are irrelevant. Elsewhere, CGS units
have been used where appropriate to facilitate comparison to
the literature. For example, density 1is normally given in
grams per cubie¢ centimetre and would only confuse matters by
presenting it in kilograms per cubic metre,. Similarly,
combustion and explosion energies are given in c¢alories per
gram of fuel instead of joules per kilogram.

OVERVICW OF FUET AT PLOSIVES (F

The basic concept of fuel air explosives (FAE) involves the
dispersion of fuel in air to form an explosive cloud which is
then detonated. A wide variety of fuels can be used including
hydrocarbon or organic gases and 1liquids - and organic or
metallic dusts. Very many instances of accidental generation
of fuel air clouds and explosions have been recorded and
demonstrate the destructive power of FAE. Examples include the
devastation of the Nypro plant at Flixborough UK (1974) caused
by the release and subsequent explosion of 36 tons of
cyclohexane and the fatal accident at the water pumping station
in Lancashire UK (1984) due to a build up of methane. In the
latter example it is 1likely that deflagration rather than
detonation of the methane air mixture occcurred.

FAE operate in a similar way to conventional solid high
explosives (HE) in that energy is released by the oxidation of
fuel elements, typically carbon and hydrogen, to gasecus
products. Whereas for soclid HE, oxygen 13 incorporated within
the molecular structure, eg 42% of the weight of TNT is oxygen,
FAE uses atmospheric oxygen and so, Kilogram for Kilogram, FAE
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releases many times more energy than conventional HE. This
effect i{s somewhat diluted by the presence of inert nitrogen in
air but overall FAE are two to five times more energetic than
TNT.

To continue the comparison, the lower densities of FAE result
in lower detonation velocities and pressures within the cloud
than within solid HE. However, the pressures are generated
throughout the cloud and hence are exerted over larger areas.
Moreover because the heats of explosion for FAE are larger, the
blast effects outside the cloud are greater for FAE both in
terms of overpressure and duration. These characteristics make
FAE wmore effective as blast weapons, ie against personnel,
light structures, unarmoured vehicles, ships and parked
aircraft, but less effective than seolid HE in terms of
shattering or brisant properties, ie against armoured vehicles
and hardened structures. FAE have also found application in
mirefield clearance and defeliation of forest and jungle areas.



2. DATA REVIEW
INTRODUCTION

In this section available data on the subject of FAE {s
reviewed with the aim of presenting an understanding of the
significant factors influencing the design of an effective FAL
warhead. Consideration of the application of FAE for military

purpcses is also discussed.

In order to lccate as many relevant references as possible, an
on line computer search facility has been used to cover
reports, dataza bases and Chemical Abstracts for material
published in the last fifteen years. The computer search
output 1is reproduced at Annex A. Other sources, including
those from a manuzal search of Chemical Abstracts and the use of
facilities at the British Science Reference Library, are
referenced in the usual way. Information from the literature
survey 1is ineluded irn the other sections of this report,
Copies of the references cbtained up to this point are located
in the five associated ring binder volumes. The references in
the vclumes are those whose reference number is underlined in

the Reference section of this report.

BISTORY

The first mili;ary application of fuel air weapons probably
cecurred as long ago as the eighth century AD when the
Byzantines used 'Greek Fire! - an incendiary device to deliver
fire to enemy ships. In more recent times flame projectors
were used as early as 1914(17“) and have since become standard
weapons. The development and first use of FAE weapons in which
the cloud was intentionally detonated is less well documented
in the open literature althcugh FAE devices were used in the
Vietnam war. It is clear from the literature however that such
devices are under active development in North America and that
a number have entered service. Further discussion concerning
the application of FAE to military systems is discussed later
in Section 2.5.



2.3

In addition to the militarily oriented research into FAE, a
great deal of related fundamental research on the detonation of
fuel air mixtures has been published arising in part from
considerations of industrial safety and the transport of
flammable gases and 1liquids. Reviews on the dangers from
accidental generation of fuel air clouds(z'“) and from solid
suspensions or dusts(5v5) have been published but the emphasis
of this report will be on dispersed gases or liquids in air.
The formation, detonation and properties of FAE and vapour
clouds have been reviewed by several authors(7-26)

ASPECTS OF NATION

It is of fundamental importance both for industrial safety
reasons as well as in the designing of effective FAE devices to
know whether &a particular fuel air cloud can be made teo
detonate and sustain detonation throughout the cloud. Several

factors are important here:

a) the upper and lower limits of the fuel to air ratio that

can sustain detonation,

b) the wminimum or critical c¢lovd dimension necessary for

detonation and
¢) the minimum energy of initiation to start detonation.

If the azbove conditions are not fulfilled then detonation will
not be initiated (or once initiated will fail) and the cloud
will burn. Experimental determination of predicting fuel air
detonability continues and is reported (27-39). The fulfilment
of these criteria are discussed later in Section 5. Most of
the early work on the initiation of detonation of FAE concerned
the use of HE charges detonazted in or near the cloud after
dispersal of the fuel(40-58) yuhere the detonation shock wave
from the HE caused direct initiation of the cloud. Other
methods of initiation have been reported and include
chemical(59+60) | phnotochemicall61-63) 1aser(64,65) and the

frictional energy developed by high speed dispersal of liquid
fuels(66),



The chemical 1initiation method appears to be a rather
interesting one for FAE weapons, In this method a reactive
chemical or chemicals are driven into the cloud using the sarme
bursting charge which disperses the fuel, The chemicals then
react together or with the fuel to act as initiators dispersed
throughout the cloud, such a FAE weapon 1is a single event
device and removes the need for a second HE initiating device.
Successful chemical initiators appear to be bromine trifluoride
or chlorine trifluoride as one component systems(sg) or silane
and perfluorohydrazine as dual component initiators(60),
However, such a method has yet to be demonstrated as a weapon

system.

ASPECTS QF BLAST

Once detonaticn of the c¢loud has been initiated the
ﬂemperature, pressure znd velocity of detonation together with
the energy release can be calculated using standard computer
codes(87) bvased on the classical Chapman-Jouguet theory ({or
measured experimentally). The above detonation parameters
which are essential in determining the blast effects of a FAE
explosion can te predicted surprisingly well by the
Chapmen-Jouguet theory. This equilibrium theory does not
require a knowledge of the structure of the detconation shock
wave and it is in this area that significant advances have been
made recently(65'8”). Details of the cellular structure of the
wave are required to estimate detopability 1limits, initiation
energy, critical tube diameter and reaction =zone thickness.
The critical diameter has been proposed as an alternative to
the critical energy for assessing the relative sensitivity of
explosive mixtures to detonation(30), The critical diameter is
the minimum tube diasmeter from which an emergent planar
detonation wave can transmit into free space without failure.
Although there is correlation between cell structure and the
dynamic detonation parameters above, at present, as mentioned
previously, there is no quantitative theoretical
relationship(ﬁs). The ecellular structure arises from the
interaction of combustion waves and shock waves and can be
demonstrated or recorded on 1lightly sooted plates placed



in the detonating FAE cloud or by laser-schlieren photography.
The characteristic cell size is indicative of the detonability
of the FAE cloud: the smaller the cell size the more stable the
detonation wave and hence,

1) a lower initiation energy is required,

2) the critical diameter is smaller and

3) the detonadbility limits are wider(in terms of fuel air
ratios).

The critical diameter d. appears to be related to cell size s

by the simple relationship d, = 13s for all gases
studied(68:37) ‘although why this useful relationship holds is

as yet unknown.

The great majority of work done on the structure of detonation
waves has been carried out in the laboratory under closely
controlled conditions using oxygen or oxygen enriched air as
the cxidiser and larceely under reduced pressure. Whilst many
useful data comes from this work it would be difficult to
extrapolate these to large uncenfined fuel air clouds where fcr
instance the fuel air stoichiometry 1is varying both witk
position and time. Although some representative work has
recently been published(59'85) much still needs to be done.

A similar position appears to exist on the blast properties of
FAE in that the majority of work has been carried out on well
defined, well mixed fuel air and fuel oxygen systems(86-90),
Numerical models for the prediction of blast properties of such
systems have been developed(91-99) and blast measurements of
real (non-ideal) FAE systems have been undertaken{100-106),
The theoretical prediction of blast properties of practical FAE
systems by numerical methods has been proposed(107-108) ;n4
recentl1y(97,109,110) good correlation between experiment and
thecory has been zchieved and results from these publications
are discussed in more detail in Sections 3 to 8.



2.5

A_REVIEW OF LITERATURE ON FAE WEAPQN SYSTEMS

The open literature revealed relatively 1little information on
FAE weapon systems and devices partly, of course, for reasons
of security,. An interesting report concerning the research
aspects of FAE weapon development 1s by Sedgwick and Krat:z
(125}  yhien covers fuel dissemination, <c¢loud detonation,
effects of cloudshape, dwell time, type of fuel, assessment of
blast effects, initiation delay time and the feasibility of
multiple canister concept for greater ground coverage.

Each of the arms of the US Forces, Army, Air Force, Navy and
Marine Corps is pursuing its own programme of research and
development of FAE munitions of varying types and size for
differing operational rcles.

The US Navy exploded its first FAE device in 1960 at China
Lake. Following the irnterest in this and other demonstrations
of the period, the US Navy design work on FAE weapons increased
uncer & government Resszarch, Development, Test and Evaluaticn
programme in 1966 at China Lake.

The first-US Navy air-dropped operational FAE weapons in the
2256 kg (500 1b) class were ready in October 1970 and were
depleoyed in Vietnam(169), The CBu-558(127) weapon was used
predeminantly for defoliation and mine c¢learance. The CBU-55B
is a free-fall cluster-bomb munition. It was deployed on
helicopters and the low speed range fixed-wing aircraft. The
CBU-55B weighs 226kg and comprises three 45kg BLU-73 canisters
530mm long and 350mm in diazmeter. A BLU-73 canister contains
about 33kg (721b) of fuel and after release from the aircraft,
the individual canisters separate and are retarded by drogue
parachutes as they approach the target. The c¢loud of fuel air
mixture produced is about 15m in diameter and 2.4m thick. The
cloud is detonated by a delayed action igniter with
approximately 125ms delay after bursting. Blast overpressures
of vp to 20.7 bar (300psi or 210kg/c¢m?) have been recorded.
The excess pressure in blast wave front at a radius of 15m from
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the detonation centre is approximately 29kp/cm?. In Vietnam,
this enabled complete defoliation of an area 30m {n diameter.
The BLU-73 canister had its origin as a ground deployment
weapon when a number were placed at the edges of minefields and
then detonated by remote control for mine clearance,

Since 1973, there have been attempts to develop a FAE glide
bomb for use at speeds of 830 km/h. The tests demonstrated the
feasibility of the system for the future. The application of =&
FAE system for depth charges has also been experimented with
tests at depths of up to 700m.

In one instance of testing a FAE weapon design against a hard
structure to simulate "a near miss", the Navy placed the weapon
on a barge and floated it near a decomissioned destroyer
escort, USS McNulty, anchored off San Clemente Island,
California, in 27m of water. The distance from the ship when
the Dbomd exploded was kept secret, but the damage was
significant. Suffice to say, to avoid the ship sinking in the
test area and blocking the channel, it was rapidly tcwed by
tugs into deeper water, where it sank!(20)

The CBU-72 resulted from the US Navy's modifications to the
CBU-5S5B to suit it for drepping freom high-speed jet aircraft.
Specific types from which the CBU-72 was used successfully are
the McDonnell Douglas A-U4 and the LTV Aerospace A-7. Drogue
parachutes to retard the individual canisters were retained.
The development of FAE weapons without parachutes for use from
high-speed alrcraft is a current project area for the US Navy.

Future considerations are for a CBU-T72 type system but without
a parachute for greater terminal veloecity. Other
considerations for the future are guidance seekers for this or
another high speed version, increase of the warhead size,
together with a cloud detonation system incorporated in the
missile systems. CBU-72 is delivered up to speeds of 450Kt.

The US Army 1is interested in adapting one of the CBU-55B
bomblets, the BLU-73 warhead, as the basis of a surface-to-
surface FAE weapon for clearing minefields., The vehicle used



is the Zuni rocket, a number of which are ripple fired from a
truck mounted launcher rack. A modified FAU-B83 standard
mechanical fuze is used to produce varying delays in deployment
of the warhead parachutes to achieve an area coverage pattern
of FAE detonations. Other FAE systems developed for mine
clearance include FAESHED and SLUFAE(126),

FAESHED (Fuel Air Explosives, Helicopter Delivered) is a land
mine neutralisation system designed for low intensity conflicts
where air superiority is maintained. The technique uses the
standard USN CBU-55 FAE munition and standard helicopter stores
and bomb racks. 