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New explosive fracturing
method is safe, effective

Explosive slurries are displaced into the
well bore and safely detonated to create
highly productive random fracturing

R. E. Hurst, W. M. Zingg and €. W. Crowe
Dowell Division of The Dow Chemical Co., Tulsa, Okl:.

15-second summary

A new material has been developed
for sale application in explosive [rac-
turing of gas and oil wells. Field tests
show profitable increases in 90% of
wells treated. Here's how the explo-
sive slurry is placed and detonated.

A HIGH ENERGY EXPLOSIVE [or gas
and oil well stimulation has been re-
cently ficld tested in over 100 wells,
Blasting agents designed originally for
open pit mining were modified into
sell-contained slurries, complete with
encapsulated air, that can be safely
placed through tubing.

Outstanding feature of explosive
stimulation 15 the random fracturing
of formation rock around the well
bere. This treatment may be particu-
larly effective in hard, low permea-
bility formations where conventional
hydraulic fracturing contacts a rela-
tively small volume of rock.

RANDOM FRACTURING

Explosive fracture treatments
greatly increase well productivity by
creating many random fractures in the
formation. Hydraulic fracturing, on
the other hand, will only create or ex-
tend relatively few fracture planes.
Normally, hydraulic fracturing results
in 2 to 3 fold ricrease. Such increases
are considerer’ successful, but they are
far below possible th:oivtical values
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because of limited fracture flow paths.

Rubble-izing and random f(ractures
created by explosive fracturing in
competent rocks ssould provide ex-
tremely high flow capacity. This will
especially benefit formations where
flow patterns or natural pcrmeability
cannot be contacted or intersected by
hydraulic fracturing methods.

A summary of wells in which ran-
dom fracturing by blasting agents may
be :nore eflective than conventicmal
methods is shown in the accompany-

ing table. In general, the blasting
technique is applied to production
limiting problems which are within 50
feet of the weil,

MATERIAL DEVELOPMENT

Explosive ‘racturing was the first
well stimulation method. It was the
only stimulation tool for nearly a half
century after which acidizing and
hydraulic treatments were adopted,
primarily for safety.

Although nitroglyceriii was an acde-
quate material for explosive [ractur-
ing, it could not be safely used in deep
wells. Gelatins and solid explosives did
not have enough unit energy or rock
coupling properties when dumped
into a wellbore. Therefore, many ex-
cellent applications for well “shoot-
ing” were bypassed.

In the carly 1950s, there were at-
tempts to combine explosive and hy-

Where explosive fracturing is applicable. ..

» Long onen hole intervals with multiple pay zones which compl-

cate hydraulic treatment.

> Formation scaling causing permeability reduction up to several

feet from the we!l bore.

» Gas sands with sensitivity to hydraulic treating fluids.

» Older wells with poor casing or cement jobs which limit use of hy-

draulic trectments.

» Rcmote areas where conventional equipment is difficult or ex-

pensive to locate.

» Productive 7ones close to water where barriers usually break

down with hydraulic pressure.

> Reservoirs with fracture patterns definitely oriented toward non-
productive areas, gas caps, water injection wells, etc.

> Closely spaced wells designed for maximum recovery from limited

drainage area.
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TIMING DEVICE-DETONATOR used to set off Stratablast “A" siurry in well bore. Slurry Is displaced Into the well bora opposite
the pey zone through tubing with pressure from special truck mounted cylinders. Tubing Is then pulled and tha timing devic
is lowered into the slurry by wireline. The hole Is tamped with gravel and detonation occurs according to the timed schedut |
High metal content of slurry keeps material in place with good bore-hole contact.

draulic fracturing. Ba.ically, these
were hydraulic fracture treatments in
which the propping agent was a pel-
letized solid exfplosive. After place:
ment, the explosive was detonated
with a jet perforating gun.

Theoretically, this type treatment
can give excellent results with a
deeply penetrating random fracture
pattern. It remained in development
for several years and many wells were
treated. Results were limited because
the explosion did not propagate into
the reservoir from the wellbore. Mate-
rials used were not hazardous, but the
process was more expensive than con-
ventional well shooting since pumping,
mixing and perforating equipment
were required.

Another approach used hypergolic
fluids, Such fluids, though not explo-
sive themselves, will explode when
mixed. The technique was to displace
one fluid into the formation, foilow
it with a small volume of spacer, then
displace the second liquid to initate
detonation.

This treatment was feasi’'» in both
deep and shallow wells, but premature
detonation problems have not yet been
solved. Usually, only a smali amount
of the second fluid can be displaced
before detonation occurs, limiting pen-
etration of the fonmation for less than
maximum resuits, [lowever, limited
research is continuing on this project.

New blasting agents have elimi-

nated safety hazards, and placement
techniques have improved enough to
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make well shooting economically at-
tractive, It is now considered an effec-
tive stimulation tool.

Agents are slurries of ammonium
nitrate, water, air and metal originally
develoned for open-pit mining and
similar applications. They provide ex-
cllent power ratings, safety in han-
dling and good borehole coupling
(conforms to and closely contacts the
rock with no air pockets).

A few problems prevented general
application in gas and oil wells. Ele-
vated hydraulic pressures in ceep
wells made safer slurry systerus un-
detonatable and frequently, \he den-
sity of these slurries did not allow
placement wnder well brines.

Continued research developed a
means of encapsulating air needed for
detonation and propagation into thin-
walled, high strength glass microbeads.
This allowed retention of air in prope.
form and volume ratio for explosive
reaction under elevated pressures,
Other changes permitted an increase
in metal content of slurry, norm.ly
to 309, to increase density.

These modifications yielded a mate-
rial that was applicable to gas and oil
wells. ‘The accompanying table shows

Average relative power rating of explo-
sives. Rating is a combinsatiun of initial
shock energy and “bubble” ritings.

relative power ratings of this system,
called Stratablast “A,” and other com-
monly used blasting agents. ‘

FIELD APPLICATION ]

Initial field placement tests were |
done in shallow wells, less than 500
feet deep by lowering flexible plastic |
bags of slurry on a shooter’s hook. De- |
tonations at shallow depths allowed |
observiution of wellbore enlargement
and well re-en.ry problems. Offset |
holes were easily drilled to obsene
fracture patterns and permeability im- |
provement, '

To further develop placement tech- |
niques, wireline dump bailers were
used to place bagged material in deep |
wells, This permitted evaluation of ex- |
plosive effect in deep reservoirs. How- |
ever, mualtiple wireline trips and poor
coupling to he rock face in fluid
filled holes made better placement
niandatory.

Pressure displacement and spotting
of blasting agent through tubular
goods with bag type material was im-
possible. A change in the gelling agent
gave the slurry sufTiciently low friction
coelTicient to allow placgment through
tubing.

Placement and detonation. Service
equipment consists of truck-mounted,
high-pressure cylinderr equipped so

Stratablast “A" -1.B00  (hat blasting agent slurry can be pres-
A";H'Lfl’"c',ﬂm nitc- e 0944 “Wre displaced into tubing and the
TNT A Y et ] 0.770 wellbore through the zone to be stim-
High explosive non-metalized....0.770 ulated. U_’“‘.‘; this _approach, place-
High explosive iron-metaliized. ...0.545 ment efliciency has increased from
—_—
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609 to nearly 100% of calculated
hole capacity.

After placement of blasting agent,
tubing is removed and a timing de-
vice-detonator is lowered into the

Examples of caiculeted random frachye
extension using an empirics! formula
derived from tests in shallow wells,

Random

neth of  Welght of

slurry. The hole is stemmed or tamped  Yeneey c:’r'::fi. (pounds)  (leed)
with gravel, and detonation is ob- 8 i 100 21
served from a safe distance, i
Through research work in shallow W e e 20
wells, an empirical expression was de- L4 ’ pereel ol
veloped to closely represent effective 0 10 1,600 53
fracture penetration for shots up to 28 14 4.500 72
several thousand pounds. Example
P et ——
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londminiectionmnsalationS
__USING THE | WILLIS TYPE MI M.O.V. 1

STEP | —- Installation of the Type MI Multiple Orifice Valve (manuall;_!
operated) for accurate injection control.
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STEP Il — Electric Actuators (applied in the field without disturbing
the original valve installation) allow remote operation when
used in conjunction with readout flow rate indicators.

Lo {4 /-’.Q‘"*'J o
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uLJ? Hale 2
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Y’ THiS 1S JUST ONE TYPL

STLP Il — At a later date, if desired this operatlon can be incorpor-
ated into a computerized system giving instantanenus and
accurate control auvtomatically.

MANY MORE ARE AVAILAGLL,

OPFLRATION ON ONE S1YLL VALVE

ASK US

W oL

Houston, Odessa, Tevss -«
Broken Arrow, Oklahoma »

Harvey, Lafayelle, La. -
Derver, Colorado »

TOOL COMPANY

2451 PALM DRIVE, P.O. BOX 7267 o

LONG BEACH, CALIF. 90807
Anchurage, Alaska
Edmonton, Calgary, Alherta
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calculations are shown in the accom-
panying table,

Well clean-out aflter explosive frac.
ture treatment can be more compli.
cated than with hydraulic fracturing,
especially in wells that will not sup-
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port a full fluild column. Strataidast
“A" will normally generate a rubble
heap of }f to l-inch particles equiv.
alent to 20 times the volum= of explo-
sive used. Rubble is usually removed
for maximum production,

Wells supporting a full fuid column
can usually be circulated clean. Gas
wells, with an adeqguate supply line
nearby, may also be blown clean with
a bit on bottom for agitation.

Low fluid level oil wells present the
greatest problem. Techniques used on
these wells are expensive. Some re-
quire cable tool bit and bailer, Circa-
lation with foam has also been used.

Fleld resul®s from 103 wells Lave
been analyzed. Blasting agents were
placed wi*h builer or pressure dis-
placement equipment on the last 75
wells. Earlier jobs used lower grade
explosives with steel lines, electrical
shooting lines or bailers. Treatments
involved gas and oil producers, water
injection wells and dry holes.

For 60 wells with produciion data
prior to explosive fracturing, 0% had
increased production. Of total jobs,

Need Extra Copies
Of This lIssue

A limited number or =xtra copies
of thizs issue were printed and
may be obtained for $2.00 a
copy. Send order and remittance
to:

WORLD OIL
P. O. BOX 2608
HOUSTON, TEXAS
77001

75% were prohtable. Three wells were
damaged so that some production was
lost. One of these was successfully re-
shot.

1969 Editorial Index
Is Now Available

Actual econciie improvement can-
not be fairly judeed by these early
trcatments as nuny wells made avail.
able for testing this new process, with
its inherent risk, generally had low
production already and poor potential
Often these wells showed high “per-
centage™ increase with relatively small
absolute change. :

Although risk involved with this
type of stimulation will continue to be
higher than with hydraulic teatments,
the process has excellent potential in
many reservoirs where eflects of ran-
dom fracturing are great enough to
justify treatment.

The following limitations of the
present systern should be considered
for any possible application:

> Wells must be static with hydro-
static pressure at the bottom less than
1,500 psi. Where “pressure rated blast-
ing material” is available, pressuves up
to 3,000 psi can be tolerated.

» Bottom-hole temperature must be
between 65° and 250° F.

» Formation must be exposed in
open-hale,
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WORLD OIL's Editorial Index for 1969 iIs now
svailable. As usuasl, this annual index Iz bound
In convenient pampnlet form: and will be sent
free to all WORLD OIL readers requesting copies.

This handy Index lisis material published in
Y/ORLD OIL during 1969 by subject ard author.

Make certaln you get your copy free of charge.
Send your request to: Librarian, Quif Publishing
Co., Postoffice Box 2608, Houston, Texas 77001.
Or, { you prefer, simply chack the appropriste

box en the Reveer Service Card on Page 178 of
ihis issue.

Don’t delay. The supply Is imited.
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