
Oct. 3, 1961 3,002,454 J. D. CHESNUT 
METHOD OF FRACTURING EARTH FORMATIONS 

5 Sheets-Sheet Filled Dec. 9, 1955 

to 

INVENTOR, 
OA/W D CA/ASAU/7 

47 To 2-2,4- BY 

  

  

  





3,002,454 J. D. CHESNUT 

METHOD OF FRACTURING EARTH FORMATIONS 

Oct. 3, 1961 

5 Sheets-Sheet 3 Filed Dec. 9, 1955 

INVENTOR. 
7. 25. 

AP/WEX 

WOHW D. 
BY 124. 

  

  

  



3,002,454 J. D. CHESNUT 

METHOD OF FRACTURING EARTH FORMATIONS 

Oct. 3, 1961 

Filed Dec. 9, 1955 5. Sheets-Sheet 4 

SZZ 

INVENTOR, . 

JOHMV A. C. 

4. 2." A77OA/WAY 
BY 10 

  

  

  



s 

Oct. 3, 1961 

Filed Dec. 9, 1955 

J. D. CHESNUT 

METHOD OF FRACTURING EARTH FORMATIONS 
3,002,454 

5 Sheets-Sheet 5 

INVENTOR, 
WOA/W D CAES/W7 

BY u0 /2e2,..., 

  

  



United States Patent Office 

3,002,454 
METHOD OF FERACTURNG EARTE FORMATIONS 
Joha D. Chesaut, Newport Beach, Calif., assignor to Aero 

jet-General Corporation, Azusa, Calif., a corporation 
of Ohio 

Filed Dec. 9, 1955, Ser. No. 552,150 
8 Claims. (C. 102-21) 

This invention relates to means for increasing the rate 
of fow of oil from oil wells. More particularly, the inven 
tion relates to a method of increasing the vertical perme 
ability of laterally disposed oil well drain holes by means 
of an explosive method of fracturing the oil-producing 
formation. - 

It is well known that most oil-producing formations 
produce oil by movement of the oil along the bedding 
pales of the earth formation. Since these bedding planes 
are formed by sedimentary deposits, they are approxi 
mately horizontal (as opposed to vertical) with respect 
to the usual vertical well bore. The permeability of an 
oil sand may be high in a lateral direction away from the 
main, vertical, bore of the well, and at the same time be 
low or non-existentin a vertical direction. This difference 
in permeability between lateral and vertical flow results 
from the fact that oil stands, as originally laid down, were 
sedimentary in character and were covered by successive 
layers of impervious deposits. 

Since the rate of production of oil from an oil sand is 
ignore or less proportional to the thickness of the sand 
(other things being equal) it is obvious that a thin sand 
will produce oil at a low rate, in barrels per day, as com 
p2ied to a thicker sand. 

it has been proposed heretofore to increase the produc 
tion of oil from their sands or from the less permeable 
Sands, by driling one or more drain holes extending later 
ally from the main bore of the well. In some instances 
this procedure has resulted in substantial increases in pro 
duction while in other instances there has been little or no 
increase in production. 

it is believed that in those cases where little or no 
increase in production was obtained, even though the oil 
Sand showed good permeability and saturation, the failure 
to increase production was due in part to the lack of sufi 
cient vertical permeability to permit the entire thickness 
of the oil sand to be drained. Attempts to increase pro 
duction from such wells by means of several well known 
hydraulic fracturing methods have been unsuccessful, 
probably because any fracturing occurred along the hori 
Zontal bedding planes without increasing the vertical per 
meability. 
The principal object of the present invention is to pro 

vide explosive means for increasing the vertical permea 
bility of cil sands in which lateral drain holes have been 
drilled. 
Another object is to provide means for loading succes 

sive drain holes with explosive. 
Another object is to provide means for detonating ex 

plosive bodies situated in one or more lateral drain holes. 
Another object is to provide means for protecting the 

lateral drain holes and/or the main bore of the well 
against collapse due to the force of the explosive detona 
tion. 

FiG. 1 is a vertical cross section of a well having a 
Series of lateral drain holes, previously drilled, in the 
process of being loaded with liquid explosive; 

FIG. 2 is a vertical cross section of the well shown it: 
F.G. 1 in the ready-to-fire condition; 

FIG. 3 is a vertical cross section of the wall shown in 
F.G. 1 after the explosive has been fired; 

FIG. 4 is a vertical cross section of a well similar to 
that shown in FIG. 1 but illustrating two alternative meth 
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ods of loading the lateral drain holes with a liquid ex 
plosive; and 

FIG. 5 is a schematic view showing a method of deto 
nating a charge of explosive by cable means controlled 
from the top of the well and extending downward into the 
well. 

Referring to FIG. 1, a substantially vertical well bore 
is indicated at i having a casing 2 cemented therein as 
indicated at 3. Non-oil-bearing earth formation is indi 
cated at 4, both above and below an oil-bearing formation 
5. The oil-bearing formation 5 is interspersed with sub 
stantially horizontal, impermeable layers of earth forma 
tion as indicated at 6, dividing the permeable zones 5 into 
Several layers. 
The well bore inay be bottomed in the non-oil-bearing 

Zone, as shown in FIG. 1, or in the oil bearing zone. 
The well casing 2 may be cemented from top to bottom 

as indicated at 3 or it finay be cemented only in the upper 
potion of the well as indicated at 3a. 
The casing 2 may or may not be perforated as indicated 

at 7 opposite the oil producing zones. A pair of lateral 
drain holes 8, 9 are shown as having been drilled through 
the casing 2 and cement 3 into the oil producing zone 5 
in Substantially horizontal directions. Any desired num 
ber of such lateral drain holes may be drilled in the well 
known manner. The drain holes may all be at the same 
levei in the well, or they may be at different levels, as 
shown in FIG. 1. 
The well bore and casing contain well fluid (oil, water 

or mud) which may have a standing level near the top 
of the well, as indicated at 10, or at some point lower 
down in the well. 

After the lateral drain holes 8, 9 have been drilled, a 
whipstock E is run into the well. The whipstock 5 is 
mounted on a spacer or standpipe 12 having a footpiece 
23 which is positioned eccentrically to the vertical axis of 
a casing shoe 14 which has a mating recess is formed 
therein. The whipstock it may be the same whipstock 
which was employed during the drilling of the drain hole 
8, in which event, it will be oriented automatically to the 
position shown in FIG. 1, because of alignment of the 
eccentric recess i5 and the mating footpiece 3, to direct 
any descending tools or other objects into the drain hole.8. 
Cne or more tubular containers 16, which may or may 

riot be flexible, are shown as being detachably supported 
on a length of flexible tubing 7 attached to the lower end 
cf a string of tubing 18 which extends to the top of the 
weil. A bayonet type coupling i9 may be used as the 
detachable coupling. 
The tubular container 16 contains an explosive charge 

and one or more detonators 20. The detonators 20 may 
be actuated by any one of several means such as a time 
bomb, a pressure-sensitive switch, an electrical switch or 
a mechanical percussion device, as will be more fully 
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described. 
The tubular containers 16 are employed when it is 

desired to prevent contact between the explosive charge 
and the well fluid. The containers may be made of vari 
Otis materials such as polyethylene or other plastics, rub 
ber, tin, aluminum or the like. The walls of the container 
may be thick or thin depending upon the service condi 
tions and the type of explosive used. 

After the lowermost drain hole 8 has been loaded with 
explosive, the tubing 17, 18 and the whipstock 11 are re 
moved from the well. The standpipe 12 is replaced with 
a longer standpipe which will enable the whipstock body 
11 to come to rest opposite the entrance to the upper 
drain hole 9, provided the body 11 and footpiece 13 are 
assembled in properly oriented position. If the drain 
holes 8 and 9 are on the same level, it is only necessary 
to re-orient the body 11 on the standpipe 12 before run 
ning the whipstock back into the well. The upper or 
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other drain holes are then loaded with explosive in a 
similar manner and the tubing 17, 18 is removed from the 
well, which is now ready for firing as shown in FIG. 2. 
The firing means shown in FIG. 2 comprises a pres 

sure-sensitive detonator 2 located in each of the tubular 
explosive containers 16. A bridging plug 36 is posi 
tioned in the well fluid adjacent the drain holes 8-9. 
The bridging plug may contain a time bomb 22 or a pres 
sure sensitive detonator. If a time bomb is used, the 
shock wave emanating therefrom and traveling through 
the well fluid will set off the pressure-sensitive detonators 
2 which will detonate the explosive charges in the con 
tainers 6. If the time bomb 22 is replaced by a pres 
sure-sensitive detonator, it is necessary to employ addi 
tional means for creating pressure in order to actuate the 
pressure-sensitive device. Such means may include fluid 
pressurizing means such as a pump 23 or an explosive 
body 24 suspended on an electric cable 25. 

F.G. 3 illustrates the condition of the well shown in 
FIGS. 1 and 2 after detonation of the explosive charges 
16. A large number of cracks and fissures 27 radiate 
outwardly from the drain holes 8-9, and provide chan 
nels through which oil from the various layers of the oil 
bearing formation 5 can enter the drain holes 8-9 and 
pass into the main well bore 1. Since some of the cracks 
and fissures 27 will intersect the impermeable layers 6, a 
vertical permeability will be created throughout the oil 
bearing formation 5. 

FIG. 4 illustrates another embodiment of the invention 
wherein the explosive is a liquid which fills the lateral 
drain holes 8-9 and also fills a part of the well bore 
or well casing 2. In order that this system can be used, 
it is necessary that the explosive be a liquid or a plastic 
material, also, that the explosive does not react with or 
become soluble in the well fluid, and that the earth for 
mation 5 does not permit the explosive to escape from 
the drain holes S-9 before detonation takes place. 
Whether or not the well is cased, it may be desirable in 
some instances, to protect the well casing 2 and/or the 
drain holes 8-9 against collapse from the effects of the 
detonation. This can be accomplished by filling the drain 
holes and well casing with coarse gravel, or the like, as 
indicated at 28. The presence of the gravel 28 not only 
reinforces the casing 2 and well bore 1 against collapse, 
but also serves to reduce the volume of explosive required 
to fill the drain holes and main well bore. The volume 
of explosive required can be still further reduced by 
placing a plug or packer 29 in the main bore or casing 
just below the lowermost drain hole 8. The plug and 
gravel can be drilled up and circulated out of the well 
after the well has been shot. 

FIG. 4 also illustrates alternative means for detonat 
ing the explosive charge. A time bomb 30 is shown 
positioned in drain hole 8 and a pressure-sensitive det 
onator 3 is shown in drain hole 9. Detonator 3 is 
fired by the shock wave emanating from the time bomb 
30, 

FIG. 4 also illustrates another method of operation 
wherein the drain hole 9 is shown as being only partially 
filled with liquid explosive, the top of the explosive col 
umn being indicated at 32 located at some distance away 
from the main bore hole i, in order to protect the main 
bore hole against collapse from the detonation shock. 
Well fluid above the surface 32 of the explosive serves 
as a tamp and also as a means for transmitting the shock 
wave from the time bomb 39 to the pressure-sensitive det 
onator 35. It is obvious that various other types of 
letonators caia be substituted for the detonators 30-3 
without departing from the spirit of the invention. 

Since the explosive employed in FIG. 4 is a liquid it 
may be pumped into the drain holes 8-9 through the 
tubing 17-18 (FIG. 1). If the explosive liquid is of 
greater specific gravity than the well fluid and does not 
react with or become soluble in the well fluid, it will dis 
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4. 
place an equal volume of well fluid in the drain holes 
8-9 and/or the main bore hole i. In this case the 
containers i6 may be omitted. An example of such a 
liquid explosive is nitromethane to which has been added 
a sensitizer, such as an amine of the type described in the 
copending application of Edgar A. Laurence, Serial No. 
605,747, filed July 18, 1945, and assigned to the same 
assignee as the present application. 

F.G. 5 illustrates still another method of detonating 
the explosive charges 16a by means of pressure-sensitive 
detonators 2ia located in the explosive charges ióa, and 
actuated by a shock wave from an explosive body 24a 
suspended in the well fluid from a line 25a extending to 
the top of the well. The explosive body 24a may be of 
any desired type. 
The initiator 24a may be detonated by various means, 

such as by electric energy sent through the suspension 
line 25a. Or, if an insulated electric line is not avail. 
able, a steel cable may be used, together with a go-devil 
weight 33 which surrounds the line 25a and is dropped 
from the top of the well. In this case the initiator 24a 
is provided with a firing pin 34 which is actuated by 
contact with the go-devil 33. The firing means which 
is actuated by movement of the firing pin 34 may be either 
mechanical or electrical. If electrical, a battery or other 
source of electric current must be used. 

It is to be understood that, in addition to filling the 
drain holes 9 with liquid explosive, such explosive can 
also be forced into the oil producing formation 5 by the 
application of pressure to the column of liquid within the 
well casing 2. This can be accomplished in the con 
ventional manner by applying pump pressure to the 
liquid column at a pressure high enough to force a part 
of the liquid explosive in the oil bearing formation 5 
while leaving a part of the explosive liquid in the drain 
hole 9 in contact with the detonating device 30. The 
advantage of such a method is that the effective length of 
the drain holes 9 is increarsed materially without the need 
for a difficult and expensive drilling job. 

It is to be understood that the methods and apparatus 
described herein are illustrative only, and that the inven 
tion is not limited thereto but is of the scope defined by 
the appended claims. 

claim: 
1. A method of fracturing earth formations in wells 

having a main bore hole provided with one or more drain 
holes extending laterally therefrom and containing a 
well fluid, comprising: filling said drain holes with coarse 
gravel or the like to prevent collapse of the walls of said 
rain holes, placing a body of sensitized nitromethane 

explosive in one or more of said drain holes to fill the 
interstices among the gravel, said sensitized nitromethane 
explosive body containing a detonator of the pressure 
sensitive type, and applying pressure to said well fluid 
sufficient to actuate said pressure-sensitive detonator 
whereby said sensitized nitromethane explosive body is 
detonated within said one or more of said drain holes. 

2. A method of fracturing earth formation in wells 
having a main bore hole provided with one or more drain 
holes extending laterally therefrom and containing well 
fluid, comprising: filling said drain holes and said main 
bore hole with coarse gravel or the like, placing a body 
of sensitized nitromethane explosive in one. or more of 
said drain holes and said main bore hole to fill the inter 
stices among the gravel, said gravel functioning to prevent 
collapse of the walls of said drain holes and said main 
bore and reduce the amount of explosive required, said 
sensitized nitromethane explosive body containing a det 
onator of the pressure-sensitive type, and applying pres 
sure to said well fluid sufficient to actuate said pressure 
sensitive detonator whereby said sensitized nitromethane 
explosive body is detonated within said one or more of 
said drain holes. 

3. A method of fracturing earth formations in wells 
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having a main bore hole provided with one or more drain 
holes extending laterally therefrom and containing well 
fluid, comprising: placing a body of sensitized nitro 
methane explosive in one or more of said drain holes, 
said sensitized nitromethane explosive body containing 
a detonator of the pressure-sensitive type, and applying 
pressure to said well fluid sufficient to actuate said pres 
Sure-sensitive detonator by detonating an explosive body 
positioned in said main bore hole, whereby said sensitized 
nitromethane explosive body is detonated within said one 
or more of said drain holes. 

4. A method of fracturing earth formations in wells 
having a main bore hole provided with one or more drain 
holes extending laterally therefrom and containing well 
fluid, comprising: placing a body of sensitized nitro 
methane explosive in one or more of said drain holes, 
said sensitized nitromethane explosive body containing a 
detonator of the pressure-sensitive type, placing a pres 
sure-sensitive detonator in the main bore hole in a bridg 
ing plug positioned below the fluid level in the well, and 
applying pressure to said well fluid sufficient to actuate 
said bridging plug pressure-sensitive detonator whereby 
said sensitized nitromethane explosive body is detonated 
within said one or more of said drain holes. 

5. A method of fracturing earth formations in wells 
having a main bore hole provided with one or more drain 
holes extending laterally therefrom and containing well 
fluid, comprising: filling said drain holes with coarse 
gravel or the like to prevent collapse of the walls of said 
drain holes, placing a body of sensitized nitromethane 
explosive in one or more of said drain holes to fill the 
interstices among the gravel, said sensitized nitromethane 
explosive body containing a detonator of the pressure 
sensitive type, and applying pressure to said well fluid suf 
ficient to actuate said pressure-sensitive detonator by 
detonating an explosive body in said main bore hole where 
by said sensitized nitromethane explosive body is det 
onated within said one or more of said drain holes. 

6. A method of fracturing earth formation in wells 
having a main bore hole provided with one or more drain 
holes extending laterally therefrom and containing well 
fluid, comprising: filling said drain holes and said main 
bore hole with coarse gravel or the like, placing a body 
of sensitized nitromethane explosive in one or more of 
said drain holes and said main bore hole to fill the inter 
stices among the gravel, said gravel functioning to pre 
vent collapse of the walls of said drain holes and said 
main bore and reduce the amount of explosive required, 
said sensitized nitromethane explosive body containing a 
detonator of the pressure-sensitive type, and applying 
pressure to said well fluid sufficient to actuate said pres 
sure-sensitive detonator by detonating an explosive body 
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in said main bore hole, whereby said sensitized nitro 
methane explosive body is detonated within said one or 
more of said drain holes. 

7. A method of fracturing earth formations in wells 
having a main bore hole provided with one or more drain 
holes extending laterally therefrom and containing a well 
fluid, comprising: filling said drain holes with coarse 
gravel or the like to prevent collapse of the walls of said 
drain holes, placing a body of sensitized nitromethane 
explosive in one or more of said drain holes to fill the 
interstices among the gravel, said sensitized nitromethane 
explosive body containing a detonator of the pressure 
sensitive type, and applying pressure to said well fluid 
sufficient to actuate said pressure-sensitive detonator by 
detonating an explosive body in said main bore hole, said 
explosive body comprising a detonator arranged in a 
bridging plug positioned below the fluid level in the well, 
whereby said sensitized nitromethane explosive body is 
detonated within said one or more of said drain holes. 

8. A method of fracturing earth formation in wells 
having a main bore hole provided with one or more drain 
holes extending laterally therefrom and containing well 
fluid, comprising: filling said drain holes and said main 
bore hole with coarse gravel or the like, placing a body 
of sensitized nitromethane explosive in one or more of 
said drain holes and said main bore hole to fill the 
interstices among the gravel, said gravel functioning to 
prevent collapse of the walls of said drain holes and said 
main bore and reduce the amount of explosive required, 
said sensitized nitromethane explosive body containing a 
detonator of the pressure-sensitive type, and applying 
pressure to said well fluid sufficient to actuate said pres 
sure-sensitive detonator by detonating an explosive body 
in said main bore hole, said explosive body comprising 
a detonator arranged in a bridging plug positioned below 
the fluid level in the well, whereby said sensitized nitro 
methane explosive body is detonated within said one or 
more of said drain holes. 
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