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2,813,583 
PROCESS FOR RECOVERY OF PETROLEUMFROM 

SANDS AND SHALE 

John W. Marx, Bartlesville, Okla., and Harry W. Parker, 
Evanston, i., assignors to Philips Petroleura Co 
pany, a corporation of Delaware 
Application December 6, 1954, Serial No. 473,238 

1. Claims. (C. 166-11) 

This invention relates to an improved process for re 
covering hydrocarbon material from strata containing 
same. A specific aspect of the invention relates to the 
production of petroleum hydrocarbons from strata of 
low permeability which renders usual production prac 
tices impractical. 

Production of petroleum hydrocarbons from oil-bear 
ing sands is usually effected by drilling through the oil 
bearing sand formation or stratum and opening up the 
formation around the bore hole so as to cause oil to flow 
into the bore hole from which it can be recovered by con 
ventional methods. Conventional techniques of this na 
ture depend upon the permeability of the oil sand for 
production from the formation. The permeability of 
good oil sands runs upwards from a permeability of the 
order of about 100 md. and often runs above 200 md. 
Occasionally an oil-bearing formation is discovered which 
is not amenable to practical commercial production or 
recovery by conventional methods. A large field in 
West Texas, with an estimated 325,000 to 500,000 com 
mercially productive acres, comprising one of the largest 
reservoirs in the world, is of this category. Production 
from this field has been particularly disappointing, pri 
marily because of the low bulk permeability of the 
matrix rock, which averages less than 1 md. This field, 
known as the Spraberry trend area field, has been 
tapped by approximately 2300 wells, and, although pro 
duction has been going on in the field for approximately 
6 years, less than 30 million barrels of oil have been 
recovered to date out of a minimum estimated 3,500 
million barrels of oil in place. However, recovery of 
oil from the Spraberry formation has been so disappoint 
ing that further development is apparently awaiting im 
provement in old techniques or the development of new 
techniques for oil recovery. 

In order to understand the problems arising from at 
tempts to recover oil from the Spraberry formation, it 
is necessary to understand the peculiarities of the stratig 
raphy and structure of the so-called Spraberry trend. 
This formation comprises a laminated shale, limestone, 
dolomite, and sandstone section approximately 1,000 
feet in thickness over most of the Midland basin. The 
formation comprises an upper section 300 feet in thick 
ness and a lower section 400 feet in thickness separated 
by some 300 feet of currently unproductive shales. In 
each of these sections there is at least one sandstone 
stratum adjacent which are found strata comprising black 
shale, dolomite, and argillaceous limestone. The prin 
cipal sandstone strata in each section have been variously 
estimated to be from 8 to 30 feet thick. The shale strata 
above and below the sandstone stratum in each section 
contain principally solid hydrocarbon material commonly 
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referred to as "kerogen,” which does not flow from the 
formation under known production conditions. In addi 
tion to the apparently fixed nature of the solid hydrocar 
bon in the formation, the permeability of the sandstone, 
which contains fluid hydrocarbons and a lower concentra 
tion of kerogen, is unusually low, rendering it difficult to 
cause fluid hydrocarbons to flow from the principal sand 
stone stratum into a well bore penetrating the formation. 
Hence, production from even the principal sandstone 
stratum in each section of the Spraberry trend has been 
disappointing. 
Another peculiarity of the Spraberry formation is the 

prevalence therein of a network of vertical fractures ap 
parently caused by downwarping in conjunction with 
compaction. This intricate fracture system is directly 
related to the productive ability of the wells in some areas 
and has made limited production of oil commercially 
possible from the principal sandstone sections which are 
otherwise practically impermeable. The primary frac 
tures are vertical and closely spaced at an average of 
about 10 inches, assuming a square grid pattern, so as to 
divide the formation into an intricate network of pris 
matic columns of irregular shape. These natural verti 
cal fractures do not, in general, permit sustained commer 
cial production from the principal sandstone layers, and 
it is therefore desirable to apply hydraulic fracturing 
which enlarges them and appreciably increases the re 
covery of oil therefrom. At any rate, the problem of 
recovering the major portion of the oil from the Spra 
berry trend development still exists and is a constant 
stimulant to improved and novel production methods 
which will eventually be applied to recover at least a 
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substantial and profitable proportion of the vast reser 
voir of petroleum lodged in this formation. 
A principal object of the invention is to provide an im 

proved and unique process for recovering hydrocarbon 
material from earth strata containing the same. Another 
object is to provide a novel process for recovering fluid 
hydrocarbons from strata of low permeability containing. 
both solid and fluid hydrocarbon materials. Another ob 
ject of the invention is to provide a process for the re 
covery of solid hydrocarbon from a stratum containing 
the same. A further object is to provide an efficient heat 
ing process for driving solid and fluid hydrocarbons from 
an underground formation containing the same. Other 
objects of the invention will become apparent from a 
consideration of the accompanying disclosure. 
The invention comprises fracturing a formation along 

generally horizontal lines between bore holes in an oil 
bearing formation so as to provide passageways from 
one bore hole to the other through a stratum, recovering 
as much fluid hydrocarbon as possible by the usual pro 
duction methods from the bore holes, and then inject 
ing a hot fluid such as steam, Superheated steam, high 
temperature water, or hot inert or otherwise non-del 
eterious gas into the formation through one or more 
bore holes under sufficient pressure to force the hot fluid 
through the artificial cracks and/or artificially enlarged 
natural crevices therein (effected by hydraulic fractur 
ing). The hot fluid heats up the formation surrounding 
the area of injection in the bore hole and greatly de 
creases the viscosity of the hydrocarbon oil in the pores 
of the formation so as to render the same more fluid and 
facilitate the flow thereof from the formation to the Sur 
rounding bore holes from which the oil is recovered by 
conventional methods, Raising the temperature of the 
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formation and particularly to a temperature in the range 
of 400 to 750 F. resolves the solid hydrocarbon in the 
formation and greatly increases the effective fluid con 
ductivity of the system, thus rendering it less difficult to 
cause the oil to flow through the formation to a producing 
well. 

In accordance with another embodiment of the inven 
tion, a chemical agent capable of facilitating the stripping 
of oil from the rock or shale matrix is introduced to the 
fluid being injected. It has been found that the stripping 
of oil from sands is facilitated by raising the pH of the 
treating fluid to above 7.5 and preferably above 8. The 
stripping action of hot water and/or steam is increased 
substantially by incorporating a water soluble alkalizing 
agent therein which raises, the pH of the treating aqueous 
medium to above 7.5, such as 8 or 8.5. in vapor phase 
injection, ammonia, is a preferred agent, while in liquid 
phase, water-soluble compounds of an alkaline nature are 
effective. Such alkaline compounds include: the alkali 
metal compounds such as the hydroxides, carbonates, sili 
cates, etc., as well as ammonium hydroxide. The sodium 
compounds are preferred. These alkaline agents may be 
used alone: or in admixture: to raise: the pH of the treating 
fluid. 
Whether steam or hot water is injected, the initial phase 

of the process involves a hot water food and is thus more 
effective when the liquid at the flood front is alkaline. 
The continued addition of the alkalizing agent is not nec 
essary after the hot water front breaks through, to the 
producing wells, which has an economic bearing on the 
process, Another advantage is the fact that the alkaline 
additives arrests the usual corrosion process that takes 
place when; hot steel is in contact with formation brine. 
As solid and fluid hydrocarbon is recovered from the 

sandstone stratum and this. formation is rendered more 
permeable to hot fluid, the area of treatment is extended 
to the adjacent layer of shale and treatment of the shale 
to recover solid hydrocarbon is initiated. Heating and 
contacting the shale with hot steam converts the solid hy 
drocarbon or kerogen contained therein to fluid hydrocar 
bon, and drives the same to a producing bore hole. As 
the solid hydrocarbon is removed by this process from 
the adjacent, layers of shale, the same is rendered more 
permeable and facilitate the contacting of additional 
layers of shale, so as to fluidize the kerogen so that the 
same can be produced, from Surrounding bore holes. In 
this manner production of solid hydrocarbon from the 
layers of shale adjacent the principal producing sandstone 
stratum can be effected. 

In producing from; an oil-bearing stratum adjacent, a 
shale stratum, of such low, hydrocarbon content that it 
is not economically, feasible to heat said shale stratum, the 
presence of a naturai vertical fracture system, as in the 
Spraberry field, might be expected to dissipate a large 
quantity of heat through these fractures. However, where 
the adjacent layer contains a substantial proportion of 
argillaceous material the steam and/or hot water pro 
duces, sufficient swelling of the formation to close off the 
vertical fractures of the escape of steam and/or hot water 
and thereby concentrate the available heat in a relatively 
thin hot zone which moves vertically through the adjacent 
formation. In such a formation, it is feasible to produce 
the shale formation by fracturing and hot fiuid treatment 
in accordance with the process of the invention if econom 
ically desirable. 

In a formation containing vertical fractures the heat 
from the original injection zone, rapidly moves vertically 
through the fractures when the surrounding layers con 
tain no water-swellable material or an insufficient concen 
tration of such material to seal off the fractures. 
a formation it is feasible to produce oil from a vast area 
above - and/or below. the principal sandstone formation 
in which production was initiated and which contained the 
highest concentration of liquid hydrocarbon, although it 
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4. 
is not feasible in this instance to control the heating and 
producing process so as to restrict it to a relatively thin 
horizontal layer gradually advancing upwardly or down 
wardly from the main producing stratum. 

According to another embodiment of the invention pro 
duction from the oil-bearing formation is effected by in 
jecting high temperature hot water, preferably at a tem 
perature of at least 400 F., until a heated zone in the 
formation of a disc-like configuration has been produced 
with substantial lowering of the viscosity of the oil 
therein and conversion of kerogen to fluid hydrocarbon. 
When the heated zone in the formation has progressed a 
substantial distance horizontally or laterally through the 
formation, such as at least 100 to 500 feet or more, the 
injection of high temperature water is discontinued and 
water at normal temperature, such as atmospheric ten 
perature, is forced down the bore hole so as to displace 
the hot liquid from the region immediately surrounding 
the bore hole thereby forcing the hot Zone radially out 
wardly from the bore hole and the point of injection. In 
this manner production from a relatively thin stratum can 
be accomplished without undue dissipation of heat into 
the underlying and overlying strata which may contain 
hydrocarbon in insufficient concentration to warrant 
recovery by the heating technique of the invention. The 
conservation of heat by this technique becomes apparent 
when it is realized that after oil has been produced from 
a disc-like Zone surrounding the injection bore hole, heat 
is continually dissipated vertically in either direction from 
the hot zone as long as the Zone is maintained hot. After 
the hydrocarbon has been produced from the initial disc 
like hot zone the hot Zone can be advanced radially 
through the formation to outlying producing wells by 
injection of water at atmospheric temperature and driv 
ing of the hot. Zone in front of it. In this manner, heat 
from the Zone, already produced is moved outwardly 
from the injection well with the heat from the formation 
going into the cooler water and movement of the ab 
sorbed heat through the formation intermediate the hotter 
and cooler injected water. This manner of operation 
is more conserving of heat. than is continued injection of 
hot fluid in that it maintains a hot zone in the formation 
only where fluid hydrocarbon is being produced, and is 
particularly, applicable to recovery of oil from an oil 
bearing stratum which is adjacent layers in the formation 
of extremely low or zero oil concentration. 
According to another embodiment of the invention, 

after. Steam injection has been continued for a sufficient 
length of time and with sufficient volumes of steam to 
heat up a desired zone in the formation, the injection 
of steam is discontinued, and the pressure on the fluid in 
the bore... hole and Surrounding oil-bearing stratum is re 
duced so as to permit the condensed water or hot cominate 
water of the formation to be; converted to steam thereby 
distilling and driving additional fluid hydrocarbons from 
the formation. During the injection of super-heated 
steam the pressure in the bore. hole and in the formation 
is raised to a pressure of the order of 500 to 5,000 pounds 
per square inch and the temperature of the formation in 
contact with and closely adjacent the hot fiuid is raised to 
considerably above the normal boiling point of water and 
when this pressure is reduced, the water in the pores of 
the formation is rapidly vaporized and converted to steam 
so as to drive fluid hydrocarbons out of the formation 
into the producing wells as well as into the injection 
well. 

Tests were performed upon oil sand, and shale cores 
from a well in the Spraberry trend area field. Oil con 
centration, connate water, porosity, and permeability 
were determined by conventional methods and the yield 
calculations based upon saturation data are believed to 
be as representative of the formation as modern core 
sampling technique will permit. The results obtained are: 
presented in the following table. 
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Table 

Thick- Qes Qia Q400 
Formation ness (ft.) (bbls.f (bbls/ (bbls/ 

acre) acre) acre) 

Upper Oli Sand.------------- 7.5 565 985 1,973 
Lower Oil Sand.------------- 1,3 563 2,880 3,970 

Stb-total Oil Sand. 8.8 1,128 3,865 5,943 
Representative Shales: 

ageous. 
Sandy ..... 540 One none to 9,900 lithographi V 
laninated trace 

Total; Shale plus oil 
sand--------------------------- 1,128 3,865 15,843 

Legend: 
Qags Oil produced by solution gas drive from small fragments 

of frozen core under laboratory conditions, pressure depleted 
to one atmosphere. 

Q212 c Oil produced by steam distillation at 212 F, and one atmosphere pressure. 
Q400 Oil prodticed by steam distillation at 400° E. and one 

atmosphere pressure. 
Actual reservoir injection pressures in excess of 1000 

p. S. i. With saturation temperatures greater than 500 F., 
Would be required in the field itself, 
By careful calculation it has been found that it is 

economically feasible to recover oil from the formation 
through either the upper or lower oil sand by steam or 
hot water injection in accordance with the invention. In 
addition, the laboratory test data qualitatively indicate an 
increase in the rate of recovery. Oil production by steam 
distillation appeared to be complete in about one hour 
while solution gas drive production from the rock frag 
ments of the same size required more than 24 hours for 
completion at room temperature. This high rate of pro 
ducing from an oil sand renders it highly advantageous 
to heat up an appreciable disc-like area surrounding the 
injection point and then driving the hot zone outwardly 
to produce additional area. By injecting hot steam for 
a predetermined calculated time sufficient to establish 
a large hot Zone, and following this injection with water 
injection at ambient temperature, the production from 
any given area is limited to the approximate time of 
hot fluid injection and the dissipation of heat vertically 
from the formation is likewise limited to this period of 
time. 
The data in the table clearly illustrate the advantage 

of heating the aqueous injection fluid to a temperature 
in the range of 400 to 750 F. This high temperature 
in the formation not only increases production from the 
oil sands but also converts kerogen in the shale forma 
tion to fluid hydrocarbon which is readily recoverable, 
whereas temperatures of a lower order are not at all 
effective in converting kerogen to fluid hydrocarbon ma 
terial. Heating with a non-aqueous fluid requires tem 
peratures of 800 to 1000.F. to obtain similar conversion 
of kerogen to that with an aqueous medium at 400 to 
750 F. 
Thus it appears that hot fluid injection and particularly 

steam and hot water injection offer an excellent means 
of increasing both the cumulative recovery and the rate 
of recovery in a formation such as the Spraberry forma 
tion which has particularly low permeability. Forma 
tions of a low order of permeability, such as below about 
25 md., are particularly attractive for application of 
the process of the invention in its various aspects. It 
must be noted that where the permeability of a forma 
tion is of this order it is absolutely essential to fracture 
the formation so as to provide horizontal fractures there 
in which make it possible to inject the hot, fluid into the 
formation with the necessary rapidity for practical pro 
duction from the formation. Without progress of the 
hot Zone through the formation at a reasonably rapid 
rate, dissipation of heat into the subjacent and superim 
posed layers may well be a deterrent to commercial suc 
cess of the technique of the invention. 

It is worth noting that steam injection yields a rapid 

5 

O 

5 

30 

35 

40 

50 

55 

60 

65 

70 

75 

6 
initial rate, not from a distillation process, but because 
of other production mechanisms which operate concur 
rently. Utilizing this technique, evidence may be vis 
ualized as follows: 

(1) Initially, condensed water floods standing oil out 
of fractures. 

(2) Hot water imbibition produces some oil from the 
preferentially water-wet sands. 

(3) Raising the temperature in the fracture system 
reduces hydrocarbon viscosity generally, melting some 
hydrocarbons, such as paraffins, thus opening plugged 
channels and expediting normal flow processes. 

(4) Liquid vapor pressures are increased as the tem 
perature rises thereby increasing the available solution 
gas driving energy. 

(5) Actual steam distillation removes hydrocarbon by 
vapor transport through the heated artificial crevices. 

(6) At temperatures above 400 F. appreciable re 
solution of the kerogen or solid shale hydrocarbon is 
effected. 

Hydraulic fracturing to produce artificial horizontal 
cracks in the formation is effected by any suitable means, 
such as the conventional methods of the art, wherein a 
heavy fluid such as jellied gasoline ("napalm') is injected 
into the formation around the bore hole with sufficient 
pressure to fracture the formation and thereafter the 
jellied gasoline is rendered more fluid by suitable solvents 
and recovered from the formation. Hydraulic fracturing 
is also effected with suitable heavy liquids such as heavy 
crude and/or refined oil, utilizing a suitable propping 
agent, such as suspended coarse sand, in the oil to hold 
the cracks open after release of pressure. Any hard, 
solid, particulate material may be used as a propping 
agent. Recently extremely rapid injection rates have 
been used to inject a large volume of heavy oil in a short 
period of time with outstanding success. Sand is used 
in the last batch of oil injected to hold open the cracks 
after release of pressure. However, the specific method 
of hydraulic fracturing utilized is not a part of the in 
vention. 
A more complete understanding of the invention may 

be had by reference to the drawing of which Figure 1 
is a chart showing the oil saturation, water saturation, 
porosity, and permeability of the upper and lower oil 
sands in the Spraberry trend field in a representative well; 
Figure 2 is an illustrative pictorial view of a section of 
the Spraberry formation showing the natural vertical 
fracture network and the artificial horizontal fractures 
formed in the practice of the invention; and Figure 3 
is a schematic elevational view, partly in section, of a 
pair of spaced-apart Wells adapted for injection and/or 
production, 

Referring to Figure 1, the principal oil producing sand 
in the upper section of the formation is at 6550 feet and 
at 7440 feet in the lower section, as indicated by the ar 
rows. This oil-producing stratum in the upper section 
has a depth or thickness of approximately 8 feet while 
the principal producing sand in the lower section has a 
depth of about 10 or 11 feet. The water saturation of 
these sands is relatively low and the porosity and perme 
ability are relatively high as compared with the remainder 
of the formation but are particularly low when compared 
to the porosity and permeability of the usual better oil 
producing sands. It can be seen from the chart that the 
principal producing formations are Substantially 100 per 
cent oil sand while the other strata in the formation con 
tain substantial amounts of shale, dolomite, and lime 
Stole. 

Referring to Figure 2, an illustrative, generally pris 
matic section of the Spraberry formation is represented 
by numeral 10. This section is taken so as to show the 
vertical fracture system through one of the principal 
sandstone strata 2 and a portion of the adjacent shale 
strata 14 and 16. A natural network of vertical frac 
tures 18 traverses the formation caused by downwarping 
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in conjunction with compaction of the formation. Frac 
tures 26 represent artificial crevices or cracks induced in 
the formation horizontally by hydraulic fracturing. 
These artificial cracks or crevices open up the formation 
to the passage of high temperature ?ituid from one well 
or bore hole to another in the formation. The wells are 
positioned at spaced-apart locations which permit opera 
tion in accordance with the invention. It has been found 
that wells spaced from V8 to /3 mile apart can be utilized 
in the manner described to produce fluid hydrocarbons 
by passage of steam or other high temperature fluid from 
an injection well to surrounding producing wells. As an 
illustration, the hydraulic fluid utilized in hydraulic frac 
turing was produced in one of the production wells ap 
proximately 4 mile distance from the injection well with 
in 24 hours from the fracturing operation. 

Referring to Figure 3, a conventional well 25 having 
a casing 22 and a tubing 24 in a bore hole 25 penetrates 
an oil sand 26 and adjacent shale strata 28. The tubing is 
connected by a valved line 30 with a superheater 32 and 
this superheater is connected by a line 34 to a boiler 36 
of any suitable type. A line 38 leading into boiler 36 
provides water or other suitable fluid for heating. A 
suitable high pressure pumping means 37 in line 30 is 
provided to force fluid into the well tubing under suitable 
pressure, in applications where a gas other than steam 
is to be used as the hot fluid, superheater 32 and boiler 
36 may be replaced by any conventional heater suitable 
for heating the particular gas being utilized. In instances 
where hot flue gas is the heating fluid, the same may be 
produced by combustion in any type of furnace and this 
may be admixed with steam or injected directly from 
the furnace into the well bore, A valved line 39 is pro 
vided for introduction of a suitable chemical agent, such 
as a water-soluble alkaline material, to the injecting line 
30. Such agent may also be added at other suitable points. 
A line & connects the well head with a condenser 42 

having inlet and outlet lines 43 and 44, respectively, for 
passage of cold fluid through the condenser. Line 45 
connects the lower section of condenser 42 with Water 
storage tank 46. A line 47 connects the condenser with 
a recovery system 48 adapted to separate the hydrocar 
bons into a gaseous phase and a liquid phase. The gases 
are recovered overhead through line 56 and the liquid 
phase is recovered through line 52. In some instances gas 
liquid separation is effected in the well by conventional 
production methods. 
Water tank 46 is connected by means of line 54 with 

tubing 24 and a pump 56 in line 54 is utilized to force 
water under pressure into tubing 24 when moving a hot 
Zone outwardly from the injection well with cooi water 
injection. The condensed water from tank 46 may also 
be used as a portion of the hot water or steam Source for 
injection. 
A line 59 connecting with the well head is utilized to 

apply suction pressure or vacuum to the fluid in the 
well and formation when desired. A packer 60 in the 
annulus 62 around tubing 24 is utilized to pack of the 
annulus during the hydraulic fracturing step and is re 
movable thereafter so as not to interfere with production. 
A second well, B, represents a producing well spaced 

apart from injection well A a suitable distance to perimit 
production in accordance with the invention. Any num 
ber of these producing wells B are located around well A 
so as to receive the fluid hydrocarbons forced cut of the 
formation by injection of hot fluid through well A into 
the oil sand 26. Lines 63 and 64 carry gas aid oil-con 
taining fluids from well A. It is usually desirable to 
position 4 or 5 wells B in a generally circular pattern 
around well A, although a smaller or larger number may 
be utilized where conditions warrant. Weil B has the 
same or similar elements to well A but the injection 
means shown in connection with well A are not shown on 
well B. However, as the oil field in which the wells are 
drilled is developed, it may be convenient to utilize any 
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8 
one of wells B as an injection well in which case the 
injection apparatus shown in connection with well. A will 
be utilized on well B. 

In operation utilizing water and steam as the injection 
fluid, water is fed to boiler 36 through line 38 where it 
is converted to steam and the steam is passed via line 34 
into superheater 32. Superheater 36 is heated or fired 
by any conventional means and the temperature of the 
steam is raised to the desired level and the Superheated 
steam is then injected via line 30 into tubing 24 from 
which it travels to the oil sand 26. It is assumed that oil 
sand 26 has been fractured horizontally so as to provide 
passageways laterally through the sand stratum radially 
from the bore hole. The hot steam moves outwardly 
and radially from bore hole 25 and progresses through 
the oil sand to form a generally disc-shaped hot prodicing 
zone. The injection of hot fluid may be continued until 
the producing zone approaches producing Wells B, or 
operation may be conducted as described above with out 
ward movement of the producing Zone by injection of 
water following the initial steam injection. 

In utilizing the embodiment of the invention wherein 
reduced pressure in the producing formation is established 
so as to cause connate and condensed water to boil and 
form steam in the pores of the formation the injection of 
hot fluid is discontinued and suction is applied to the in 
jection well and/or to the producing Wells through a line 
connecting with the well head, such as line 59, by means of 
any suitable suction device so as to reduce the pressure in 
the oil sand, thereby reducing the boiling point of the 
trapped water sufficiently to cause distillation and addi 
tional production of oil from the sand. In this type of op 
eration repeated steam injection or hot water injection fol 
lowed by pressure reduction to cause distillation may be 
utilized. 

Certain modifications of the invention will become ap 
parent to those skilled in the art and the illustrative details 
disclosed are not to be construed as imposing unnecessary 
limitations on the invention. 
We claim: 
1. A process for recovering hydrocarbon from a hydro 

carbon-containing stratum penetrated by at least two 
spaced-apart boreholes comprising hydraulically fractur 
ing an area in said stratum surrounding said boreholes 
so as to form artificial cracks or crevices in said stratum 
connecting said boreholes; introducing a propping agent 
into said cracks or crevices to hold same open; thereafter 
injecting hot fluid into said formation through one of Said 
boreholes so as to heat up the hydrocarbon-containing 
stratum to a temperature of at least 400 F. and drive 
hydrocarbon from the surrounding strattan to at least 
one other of said boreholes; and recovering from at 
least one other of said boreholes hydrocarbon driven from 
said stratum by said hot fluid. 

2. The process of claim 1 wherein said hot fluid com 
prises steam. 

3. The process of claim 2 wherein ammonia is incorpo 
rated in said steam during the initial stages of the injec 
tion in an amount Sufficient to assist in the stripping of oil 
from the stratum and in reducing corrosion in the well 
piping. 

4. The process of claii: 1 wherein said hot fluid is 
aqueous and a chemical agent capable of assisting in the 
stripping of oil from the stratuin is incorporated in the 
aqueous fluid at least in the initial phase. 

5. The process of claim 4 wherein a water-soluble 
alkaline materiai is added to the aqueous heating fluid 
during the initial Stages of injection in sufficient amount 
to raise the pH of the injected fluid to at least 8. 

6. A process for recovering fluid hydrocarbon from a 
Stratum containing same and also a substantial propor 
tion of solid hydrocarbon material convertible to fluid 
hydrocarbons at temperatures in the range of 400 to 
750 F., said stratum having a low permeability which 
renders impractical the production of oil therefrom by 
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forcing a high temperature fluid between reasonably 
spaced boreholes, which comprises first fracturing said 
stratum horizontally between a pair of boreholes so as to 
provide a path for fluid flow from one to the other of 
said boreholes; introducing a propping agent into said 
path to maintain same open when fracturing pressure is 
released; injecting a hot aqueous fluid at a temperature 
of at least 400 F. into one of said boreholes so as to 
heat said stratum to a temperature in said range suffi 
cient to convert at least a portion of said hydrocarbon to 
fluid hydrocarbons and greatly increase the fluidity of 
hydrocarbons therein; continuing the injection of fluid 
so as to drive fluid hydrocarbons to the other borehole; 
and recovering said fluid hydrocarbons from said other 
borehole. 

7. The process of claim 6 including injection of hot 
water so as to heat a disc-like zone in said stratum sur 
rounding said borehole and then injecting water of normal 
temperature into the borehole so as to drive the resulting 
disc-like Zone laterally along the stratum and produce 
additional hydrocarbon in at least one surrounding bore 
hole. 

8. The process of claim 6 wherein said hot fluid com 
prises essentially steam. 

9. The process of claim 8 including the steps of inter 
mittently reducing the fluid pressure in said stratum while 
the stratum is hot so that water in the pores in the stratum 
is converted to steam thereby distilling and driving addi 
tional hydrocarbon from said stratum and recovering 
same from at least one of said boreholes. 

10. The process of claim 9 wherein the fluid pressure 
adjacent the borehole is reduced to less than atmospheric. 

11. A process for recovering fluid and solid hydro 
carbon material convertible to fluid hydrocarbons at tem 
peratures in the range of 400 to 750 F. from a forma 
tion containing same, said formation comprising a per 
meable stratum containing principally fluid hydrocarbon 
material and at least one adjacent substantially less per 
meable stratum containing principally solid hydrocarbon 
material, which comprises extracting fluid hydrocarbon 
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through at least two boreholes penetrating said forma 
tion; hydraulically fracturing said permeable stratum 
from said boreholes so as to form horizontal cracks or 
crevices providing fluid flow between said boreholes; in 
troducing coarse sand to said cracks or crevices to hold 
same open when fracturing pressure is released; there 
after injecting a hot fluid comprising essentially steam 
into one of said boreholes so as to heat said permeable 
stratum to a temperature in the range of 400 to 750 F. 
and distill therefrom additional fluid hydrocarbon; con 
tinuing the injection of hot fluid into said permeable 
stratum so as to heat at least a substantial portion of the 
adjacent less permeable stratum and convert solid hydro 
carbon therein to fluid hydrocarbon and drive same to the 
other borehole; and recovering fluid hydrocarbon from 
said other borehole. 
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