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Congress of the United States
O fice of Technology Assessnent
Washington D. C. 20510

Attention: M. Peter Sharfman
Ref er ence: Your Letter of 11 January 1980
Dear Sir:

Referring to questions put to me by M. David Garfinkle of
Science Applications, Inc. about the initiation and the damage
potential of explosive devices |loaded with ANFO | would like
to answer you with the follow ng statenents.

ANFO general ly consists only of ammoniumnitrate and fuel oil at

a weight ratio of about 95t 5 but may be used to designate

other types of ammonium nitrate based expl osives. The density is
approxi mately o78gicns, the energy density E. = 2.9 X 103 J\cnB,
and the ratio of specific heats of the gaseous products is |’ “= 2554
Under ideal conditions (i.e. quantities of several hundred kg and a
strong initiation source) ANFO detonates at a rate of 5 kms "wth

a Chapman-Jouguet pressure (at the shock front) of sskbar. In
smal |l sanples (e.g. 10 to 20 kg) . even if confined, the detonation
velocity Is considerably lower, depending on confinenent conditions
and initiation, and typically between 1.9 and 2.8 km's. The

shock front pressure in these cases is also considerably | ower

t han sskbar. Sanples with snmall dinmensions and negligible
confinement will not detonate at all, (e.g. cylindrical sanples
inthin plastic confinement 5 cmor |less in dianeter, or

unconfined layers of 5cmor less in thickness)
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The ANFO commercially sold and used in the U S A can generally
not be initiated by a detonator only. A “Dbooster” made of
about 50 to 500 g of high explosives such as Conposition C4,
which can be initiated by a detonator only, is generally used
to start the detonation. A crimnal use of this type ANFO

in quantities of 1 or 2 kg does not seem reasonable since the
efficiency of a destructive explosive device under these
circunstances would generally not be significantly inproved
beyond that resulting from the booster alone.

tis possible, however, to produce high explosives simlar
to ANFO which can be detonated by a detonator only. Some
ANFO sol d and used in the Federal Republic of Germany for

m ning and quarrying purposes has this property called “cap
sensitivity”. It is also possible to nodify the conposition
of the blasting agent such that it becones cap sensitive,

e.g. by replacing the fuel oil by hydrazine hydrate. The
sensitivity of ANFO can be increased by certain additives,
e“9” alum num powder or potassium perchlorate. In sone

cases, the sensitivity of the ANFO |ike blasting agent can be
i ncreased by crushing the anmmonium nitrate prills. Most of
the prem xed ANFO commercially sold in the U S A, however,
does not becone cap sensitive by crushing the prills. ANFO
obtained by first crushing prilled ammonium nitrate conmercially

bought in the U S.A and then nixing it with fuel oil wll also,
in general, not be cap sensitive. If either the ANFO or the
amonium nitrate used to mx it were obtained from certain

areas outside the U S. A , crushing of the prills may render

it cap sensitive. In all these cases of “cap sensitivity”,
however, a high powered detonator (e.g. one containing 1 g base
charge) is still needed, and also a certain anount of special
information is required, whereas nobdern propellants as well as all

types of black powder can be initiated by a heat source only,
like match heads, squibs, or even only an electrically heated
wWire or a spark.
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The initiation requirenents for various configurations are
summarized in Table 1 bel ow It should be noted that this
table is intended to give a general overview and that it
cannot present all Jlimtations, exenptions, or special
ci rcunwt ances.
Table 1
REQUIRED FOR | NI TI ATI ON

MATERI AL CONFI NED UNCONFI NED
Smal | anmounts of Booster charge of (NO Reacti on)
commercial  ANFO 50-500 g high
(-- 2 kg.) expl osi ve
Large anounts of Booster charge of Boost er char ﬂe of
comrercial  ANFO 50-500 g hi gh 50-500 g hig
(> 50 ka) expl osi ve expl osi ve
Sensitized ANFO or Detonator wth Detonator with

foem al mx
bl asting agent

at least |g

at least 1 ¢
base charge or

base charge or

6“ prima cord 6“ prima cord

(50 grainift.) + (50 grain\ft.) +

smal | det onat or snmal | det onat or

li ke bel ow li ke bel ow
Mlitary explosive Smal | det onat or Smal | det onat or
l'i ke Comp. B oOr with about .25 g with about . 25 g
Conp. C-4 base charge base charge

Moder n propel | ant
or bl ack powder

Heat source |ike
mat chhead, squi b,
hot wire, or spark

(No expl osi on;
vi ol ent burning
possi bl e)

only
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To conpare the damage producing capability of destructive

expl osive devices, one has to consider air blast, fragnentation,
and potential incendiary effects. Assuming the initiation
problens can be resolved for an explosive device containing
only a few kg of a blasting agent simlar to ANFO, then the

air blast caused by this device could do approxinmately as

much air blast damage as a device with the sanme weight of

TNT (see Figure 1). The density difference between ANFO

and TNT (approximately 08 vs. 16)would require a |arger
confinenment volume for a device containing ANFO

Conmparing fragmentation of a device |oaded with TNT versus
one |oaded with a blasting agent simlar to ANFO the latter
woul d produce a smaller nunmber of fragnents larger in size
and with a somewhat |ower velocity than the TNT device. The
total damage produci ng capability of the fragments of the
ANFO devi ce woul d probably cone fairldv close to that of the
TNT device. Neither one of the two device types would produce
any significant incendiary effect.

The damage producing capability of propellant or black powder
| oaded devices will generally be significantly smaller than
that of devices |loaded with an ANFO-|ike blasting agent due
to the follow ng reasons:

(a) The rate O energy release 1S much higher in
hi gh explosives, including blasting agents
like ANFO, than in propellants including
bl ack powder. Expressed, e.g. in Megawatts,
a 5 cmdianeter device |oaded with ANFO delivers
energy at a rate of about 10,000 MA a gun
cartridge of the sane dianmeter delivers energy
at a rate of about 500 mw

(b) The rate of detonation of high explosives,
including blasting agents like ANFO is only
weakl y dependi ng on anbi ent conditions whereas
the propellant burn rate strongly depends on
t he ambi ent pressure. Propel I ants i ncl udi ng
bl ack powder which are initiated in a netallic
shell will frequently violently rupture the
shell at a tine when only a fraction of the
propel |l ant energy has been rel eased, producing
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only very few nedium velocity fragments and
only a noderate pressure wave . The burn rate
of the still remining mass of propellant wll
at the time of the shell rupture drop to a very
low rate inmposing no other danger than a fire

hazard. A high explosive or blasting agent
detonated in a netallic confinenment Ilike a
bonb shell wll always produce a nunber of

high velocity fragments and a strong air blast.

To summarize, it can generally be expected that the danmge
produci ng capability of an explosi ve device | oaded with an
ANFO- i ke blasting agent, if it is properly initiated, is
somewhat smaller than that of a device of equal weight |oaded
with TNT, but significantly larger than that of a device of
equal weight |oaded with black powder or nodern propellants.

Very truly yours,
fol ? & 4 F -

Rol and R Franzen
Seni or Staff Engi neer

Attachnent: Figure 1
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Figure 1.—Airblast Pressures From TNT and
Field Mixed AN/FO Fired on Ground

This figure was copied from: L. D. Sadwin,

J. F. Pittman, Airblast Characteristics of ANFO.
U.S. Naval Ordnance Laboratory, White Oak, MD

April  1969.
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