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INTRODUCTION 

The use of explosives in the oil fields cer- 
tainly is not new. As early as 1865, wellbore 
shooting with nitroglycerin was attempted.l 
It became a routine completion practice to run 
a torpedo shell filled with nitroglycerin to bot- 
tom and drop a “go-devil” for impact detona- 
tion. The ensuing (nontamped) explosion created 
an enlarged, fractured wellbore that served as 
a sump to collect oil as it flowed from the for- 
mation. This technique was successful in stim- 
ulating for commercial production many of the 
shallow, low-pressure, low-temperature wells 
of that time. 

The search for oil and gas progressed to 
greater depths with the associated higher 
temperatures and pressures. Petroleum re- 
serves were being discovered in formations 
with low permeabilities, too low to produce 
naturally without some form of stimulation. 
The “nitro shooting” technique was pushed 
into the background during the early 1950’s as 
petroleum technology introduced formation 
hydraulic fracturing, and emphasis was placed 
on altering the formation characteristics in- 
stead of only the wellbore. This method proved 
successful, and the recovery of millions of 
barrels of crude oil can be attributed to it; in 
fact the availability of modern hydraulic frac- 
turing techniques has increased the Nation’s 
recoverable crude oil reserves by more than 
7.3 billion barrels.2 Today, hydraulic fi-ac- 
turing is considered a standard completion 
technique in oil, gas, and injection wells to 
improve recovery, deliverability, and injec- 
tivity. Still, many reservoirs known to contain 
vast quantities of oil or gas or both, have not 
responded to conventional stimulation methods 
and cannot be exploited economically. It is 
these low-permeability, thick, petroleum and 
natural gas-bearing formations that have stim- 
ulated industry and Government to develop 

new stimulation tools through research to 
complement proved technology. 

As early as 1936, the concept for explosive 
fracturing technology had been conceived;3 
however, the major impetus in developing ex- 
plosive products for this application was de- 
layed until the early 1960’s, evidenced by the 
several patents issued at that time.4p5f 6 Ex- 
plosive fracturing companies, oilfield service 
companies and government agencies began 
concerted efforts to develop explosive products 
and techniques for field applications in low- 
permeability formations. 

This report reviews the state-of-the-art of 
explosive fracturing, with particular emphasis 
on field applications. Typical wellbore and 
fracture applications for the two basic types 
of explosives being used and the explosive dis- 
placement techniques being employed are de- 
scribed. Stimulation results achieved with the 
various explosive products are summarized. 

EXPLOSIVE FRACTURING MECHANICS 

The mechanism for formation fracturing by 
detonating an explosive in the wellbore is 
relatively simple. Rock is generally less re- 
sistant to tension than to compression. The 
high pressure developed by an explosion shat- 
ters the rock adjacent to the wellbore, and a 
shock wave is generated that moves outward 
through the formation. The pressure in this 
shock wave is initially positive when it ar- 
rives at a free surface and then falls rapidly 
to negative values. This implies a change 
from compression to tension with resulting 
rock fracturing.7 

When detonating an explosive within an ex- 
isting hydraulic fracture system, one encoun- 
ters two distinctly different conditions. If a 
detonation occurs within a horizontal fracture, 
the high-pressure shock wave should shatter 
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APPLICATIONS TECHNIQUES 

explosive described this 
view been into basic 
(1) iscous or semisolid blasting 
agents designed primarily for wellbore appli- 
cation. The products have explosive critical 
diameters greater than average fracture 
widths; that is, the explosion will not propa- 
gate from the wellbore through a fracture 
system, (2) Viscous slurries or liquid explo- 
sives designed for displacement from the well- 
bore and subsequent detonation within the for- 
mation fractures. 

Wellbore Explosives 

One of the earlier entrants into the explosive 
fracturing field was Dowel1 Div., Dow Chemical 
Co.8 Its product, called Stratablast “A,” is a 
viscous slurry comprised of ammonium ni- 
trate, water, metal, and encapsulated air in 
glass microbeads. Air encapsulation is needed 
for the explosive to be effective under elevated 
pressures. This product reportedly is ex- 
tremely safe to handle, provides good borehole 
coupling, and has an excellent power rating. 

Following earlier attempts to place the ex- 
plosive in the wellbore with flexible plastic 
bags lowered on a wireline shooter’s hook or 
by a dump bailer, Dowel1 developed a pressure- 
displacement technique for injection through 
tubing. The procedure requires that tubing be 

run to the zone to be stimulated, explosive 
displaced under pressure through the tubing, 
and the tubing pulled, A timing device-detonator 
then is lowered into the explosive-filled bore- 
hole, and the charge is tamped with gravel and 
detonated. 

In 60 field tests where production data were 
available for stimulation evaluation, 90 per 
cent showed a production increase and 75 per 
cent of these were reported to be profitable. 
These data are included in Table 1. 

The Western Company, a major oilfield ser- 
vice company, conducted extensive research 
in the explosive fracturing field 9~1~ and de- 
veloped a product for wellbore application. 
This explosive is described as a slurry com- 
prised of ammonium nitrate with other oxi- 
dizers, TNT, water, and aluminum. The product 
is relatively safe, temperature stable to 180” 
F, and has been detonated at 68004 depths. It 
is reported to be one of the most powerful 
commercial explosives available. 

Placement techniques for this explosive have 
included pumping the product down casing be- 
tween rubber plugs, lowering in plastic bags 
on wireline, dropping explosive-filled plastic 
bags from the surface, and placing with a dump 
bailer. Detonation is accomplished either elec- 
trically through a wireline attached to blasting 
caps or with a timing device. A cap sensitive 
booster charge is used to ensure detonation. 
Total containment of the explosive is recom- 
mended and can be accomplished by stemming 
with gravel and cement. 

Results of field tests reveal the product has 
been used in quantities to 8500 lb at 6800 ft 
maximum depth. Results of stimulation from 
several field tests are shown in Table 1. 

Controlled Reaction Corp. in a joint program 
with Petroleum Tool Research, Inc. has tested 
an explosive fracturing system that is unique 
in that the application is based on controlled 
yield through multiple treatments.l* The ex- 
plosive is a proprietary formulation of ni- 
trates, chlorates and perchlorates tailored to 
yield desired detonation velocities and pres- 
sures. A complete stimulation treatment con- 
sists of four “subsystems,” each designed for 
a specific purpose. Subsystem A, an electri- 
cally fired wireline device initiates the frac- 
ture or fractures at selected intervals. Sub- 
system B, a solid explosive, then is employed 
for fracture extension. Subsystem C follows 
with a high-detonation-rate solid explosive for 
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wellbore enlargement. Finally, through Sub- 
system D, a massive quantity of solid explosive 
is displaced into the cavity and detonated for 
maximum rock breakage and formation frac- 
turing. The largest treatment attempted has 
been with 35,000 lb of explosive. 

Two field tests have been reported using 
this technique. Results of these applications 
are shown in Table 1. 

Fracture Explosives 

In 1963 the Bureau of Mines initiated a petro- 
leum engineering research program to develop 
a technique for stimulating low permeability 
oil and gas formations by displacing and deto- 
nating a liquid explosive within a fracture 
system. The only commercially available ex- 
plosive capable of detonating and propagating 
through thin fractures was du Pont’s desensi- 
tized liquid nitroglycerin, EL389-B. This ex- 
plosive, referred to as NGl, met the basic 
criteria established for explosive stimulation, 
as follows: Safety in handling and onsite usage, 
immiscibility in formation fluids, density 
greater than that of water, capability of dis- 
placement and explosive propagation within a 
thin fracture, and high energy for maximum 
fracturing. 

After extensive surface and near-surface 
testing to characterize the NGl and develop 
field handling procedures, three field tests 
were performed.12 p 1% 14 Charges of 890 and 
1000 qt were displaced and detonated in open- 
hole and in cased and perforated completions, 
respectively, in two shallow gas wells in Okla- 
homa. One 1700~ft producing oil well was 
treated with 1500 qt of NGl. Explosive place- 
ment in all three tests was relatively simple. 
The wells were temporarily “killed” with 
water, and NGl was lowered through the water 
column in a dump bailer and placed on bottom. 
By overbalancing the bottomhole formation 
pressure with fluid, the NGl was slowly dis- 
placed from the wellbore into existing hydraulic 
fractures. A detonator comprised of a timing 
device and an explosive booster was placed in 
the small quantity of NGl that remained in the 
wellbore, and a sand tamp placed above the 
charge protected the well casing. Results of 
the three field tests are summarized in Table 1. 

Talley-Frac Corp., a subsidiary of Talley 
Industries, Inc., was formed in the late 1960’s 
with the explicit purpose of developing and 

marketing an explosive product for oil and gas 
well stimulation. A patented formulation15 was 
developed and is offered commercially under 
the trade name TAL1005C. This product is 
an explosive slurry with a critical diameter of 
less than l/64 in. Although very viscous, 
30,000 to 50,000 cp, its thixotropic properties 
permit displacement into formation fractures 
without excessive hydraulic pressures. 

Although loading techniques may vary ac- 
cording to the well completion and formation 
conditions, a typical procedure for placement 
through casing has been described.l” After 
fluid injection has shown that the formation 
fractures will accept the slurry, the wellbore 
is plugged back with sand to about two feet 
below the producing interval. The explosive 
and detonating device are pneumatically trans- 
ferred into the casing between two rubber 
cement-wiper plugs. This explosive column 
then is hydraulically displaced down the casing 
and into the fracture system. A sand or cement 
tamp, 20 to 50 ft, is placed above the top wiper 
plug and the well filled with fluid to the surface 
to protect the casing. 

Several field tests using this product have 
been performed in both oil and gas wells. Size 
of treatments have ranged from 1500 to 18,000 
lb at depths of 1000 to 5900 ft. Production 
responses have varied from no improvement to 
a 14-fold improvement. Field test data and 
results are listed in Table 1. 

The latest known entrant into the explosive 
fracturing field is Petroleum Technology 
Corp., a subsidiary of Explosives Corp. of 
America. Their process, called Astro-Flow, 
is being tested under an exclusive agreement 
with Austral Oil Co.; therefore, it is not now 
being offered commercially. 

Although similar in several respects to the 
separate techniques developed by the Bureau 
of Mines and Talley-Frac, Astro-Flow pos- 
sesses certain unique characteristics of merit. 
Reportedly, the liquid, explosive can be used 
to hydraulically fracture the formation at pres- 
sures to 10,000 psi. The explosive is mixed at 
the site from nondetonable chemical ingre- 
dients. Fluid stemming or tamp is added si- 
multaneously with the explosive, and- the entire 
column is hydraulically displaced downhole. A 
self-contained downhole monitor initiates det- 
onation as the final amount of explosive is 
leaving the wellbore and while the fluid still 
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is in motion. No details on the monitor- 
detonator are available. 

One field test performed on a 1200~ft water 
well has been reported,17 and results are 
summarized in Table 1. Oil and gas well tests 
are in progress, but no results are available. 

DISCUSSION OF RESULTS 

The authors have reported briefly on the 
state-of-the-art of explosive fracturing for 
formation stimulation and have summarized the 
efforts of industry and Government in develop- 
ing this new technology. As shown in Table 1, 
oil and gas reservoirs have been stimulated 
for increased recovery with liquid, slurry, and 
solid types of explosives. Maximum quantity 
of explosive was 35,000 lb. Stimulation efforts 
have been attempted at well depths of 6800 ft 
and bottomhole temperatures in excess of 
175” F. Industrial research is currently de- 
veloping techniques for the safe handling and 
placement of fracture explosives that are tail- 
ored to specific applications. Both wellbore 
explosives and fracture explosives have been 
field tested with production successes and 
failures attributed to both. It is important to 
note that explosive fracturing is in its early 
development and consequently, like any other 
new technique, must prove its merit under less 
than ideal conditions. Most tests have been in 
marginal wells that offer little promise of 
improvement in production. Understandably so, 
an operator is reluctant to experiment with an 
unproved technique of high risk in better wells 
that afford the opportunity of maximum im- 
provement. Once the technique is proved and 
accepted by industry, however, the real po- 
tential of explosivefracturing stimulation 
should ensue. 
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TABLE 1 .-Summary of Explosive Stimulation Field Applications 
Depth, Production/day 

Company and/or product Quantity ft. Type well Before After 

WELLBORE EXPLOSIVE 60 wells tested - 90 percent increased production - 75 
Dowell - Stratablast “A” 

percent were profitable 

Western Co. 420 lb 5,000 dry hole ll lf 

150 5,000 do 1 JJ 

2,000 5,000 oil 3B0 6.5 BO 

1,100 6,800 do 1 2 
5,600 4,000 do 19 225 
8,500 4,000 do 78 215 

980 3,800 do 10 10 

Controlled Reaction Corp. and 

1,800 4,400 

35,000 Jf 

do 

gas 

25 
It. show 

25 
5.3 Mcf 

Petroleum Tools Research, Inc. Ll oil It. show 2 BO 

plus emulsion 

FRACTURE EXPLOSIVE 

Bureau of Mines 

liquid nitroglycerin 

Talley-Frac Corp. 

TAL 1005-C 

Petroleum Tech. Corp. 

Astro-F low 

890 qt 500 gas 235 Mcf 235 Mcf 

1,000 500 gas 350 Mcf 415 Mcf 

1,500 1,700 oil 12 80 6 BO 

16,500 lb 1,800 oil 11 BO 24 BO 

18,000 5,900 gas 0.8 MMcf 2.8 MMcf 

4,000 2,100 oil 3 80 21 BO 

5,000 1,000 gas 100 Mcf 490 Mcf 

1,500 2,000 gas 10 Mcf 94 Mcf 

3,500 2,600 oil 84 gas 20 BO 30 BO 

20 Mcf 100 Mcf 

3,000 3,350 oil 100 Mcf 150 Mcf 

5,000 4,150 oil &gas 2 80 IOBO 

5 Mcf 10 Mcf 

3,500 2,400 oil 1 80 7.5 80 
1/ 1,200 water 256 percent increase over 

initial flow capacity 

I/ Data not available. 
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