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This invention relates to oil recovery and is directed 
particularly to the recovery of heavy oils or bitumens 
from the underground strata in which they occur. Spe 
cificaly it is directed,but not limited,to the in-place 
treatment and recovery of solid or semisolid hydrocar 
bons or bitumens,the most notable example of whichis 
the bitumen in the Alberta bituminous sand outcropping 
alongthe Athabaska Riverin Canada. 
Byeven the most conservative estimates the Athabaska 

tar Sands,as they are commonly known,representa fuel 
reserve of tremendous magnitude. Many Schemes have 
been proposed,and from time to time experimental or 
commercial eforts have been made,to recover these 
bitumens on a basis competitive with the production of 
crude oil from wels. None of these proposals oreforts 
has as yet achieved any substantial degree of success. A 
great many of them have involved the mining and treat 
ing of the Sand to cause release of the bitumens,in Spite 
of general recognition that recovery from the sands in 
place without mining and subsequent disposal of wasteis 
muchto be preferred. ? 

It is believed that a major dificulty with the in-place 
treatment and recovery methods heretofore proposed 
arises from the fact that the bitumens ofthese bituminous 
Sands generally difer from ordinary crude oils in that 
the bitumen is too viscous or too nearly a Solid to be 
made to fow like oil,bythe application of a driving-fuid 
pressure thereto,exceptafter the bitumen has been melted 
or its viscosity suficiently reduced by heating. 
Heat cannot ordinarily be generated in or propagated 

through such a sand body except by the fow of heated 
fiuids therethrough. When the bitumen is heated,how 
ever,to give it the necessary fuidity,any subsequent 
movement away from the supply of heat results in the 
bitumen again becoming highly viscous and substantially 
ceasingto flow,with the further result that whatever per 
meabity may have existedinitialyis completely plugged 
of Thus,an initial melting and flow under pressure 
quickly form an impermeable barrier against furtherfow 
of a heat-carrying fiuidinto or through the deposit. 

In view of the foregoing itis accordingly a primary 
object of ourinvention to provide a novel and improved 
process and apparatus for the in-place treatment and re 
covery of heavy ois or bitumens which are characterized 
by being substantialy solids ortoo viscous to flow readily 
at reservoir conditions. Other and more specific objectS 
of the invention may be summarized as to provide an 
improved process for heavy-oil recovery in which:(1) 
externally supplied heat is utilized with high eficiency; 
(2)the hydrocarbons are recoveredin a form which sim 
plifies subsequent processing;(3)problems ofminingand 
waste disposal as well as providing bulk Solid processing 
equipment are avoided;and(4)once-melted bitumens 
or oils are positively prevented from again Solidifyingin 
place in the sand or well equipment during the process 
of recovery. Other and further objects,uses and adyan 
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tages of the invention will become apparent as the de-, 
scription proceeds. 

2 
Stated briefy,the foregoing and other objects are ac 

complished by an arrangement of equipment and method 
of operatingit by which the hydrocarbons in the forma 
tion and the heat-supplying medium are maintained in 
contact with each other at al times during movement of 
the hydrocarbon from its place of occurrence until it 
reaches the ground surface ready for further utilization. 
Preferably,a well is first drilled through the producing 
stratum,and itis then equipped for injecting steam into 
the upperpart of the stratum toinducefiow ofthe hydro 
carbon bygavitydrainageinto the bottom of the wel, 
from which level the liqids are withdrawn to the ground 
Surface,The point of heat input and the path of travel 
of the fuid to the place where it is recovered are thus 
arranged both to make use of the forces ofgravity drain 
age and to maintain the liquefied material and the heat 
supplying steam in thermal contact from the time the 
material is first contacted by the Steam to reduce its vis 
cosity and/or to produce melting until the time when the 
material reaches the ground surface. 

This will be better understood by reference to the ac 
companyingdrawings forming a part of this appication, 
ilustrating a preferred embodiment of the invention and 
a test model of the invention with the results obtained 
therefrom. In these drawings: - 

Figure 1 is a vertical cross-section view through a por 
tion of earth strata which include a bituminous sand stratum,showing mostly diagrammatically a preferred 
embodiment of the invention in operationin said stratum; 

Figure 2is a croSS-Section view of anexperimental ap 
paratus utilized for testing the principle of operation of 
the invention;and - , 

Figures 3 and4 aregraphs of the test results obtained 
utiizingthe modelapparatus ofFigure2. 

Referring now to these drawingsin detai,and particu 
larly to Figure1 which shows a vertical cross sectionof 
a portion of the earth,a Sand stratum 10 containing a 
Solid or Semisolid oil or bitumen lies.between a lower 
stratum 11 and one or more overlying Strata,12 forming 
an overburden extendingto the ground Surface 13. For 
carrying out the invention,a bore hole 15 of substantial 
diameterisfirst driled throughthe overburden 12 to the 
top of sand Stratum 10,and a Surface casing 16 is ce 
mented in place in hole 15 by cement 17. Thereafter a 
hole 19,of somewhatreduceddiameter comparedtobore 
hole 15,is drilled through the majorpart of sand stratum 
10,terminating at the level 20 where a casing 21.is Set 
and cemented in place by a column of cement 22 which 
extends from the level 20 to a level 23 just above the 
lower end of casing16,This Seals the air space between 
these two casing strings against the entrance offiuids,so 
that this space is efective as thermal insulation. 

Thereafter,by drilling and underreaming,the holeis 
deepened and enlarged at least to the bottom of Stratum 
10and preferably a short distance into 1ower stratum 11. 
Before installing additional well equipment,casing 21 
and cement22 are first perforated at level24preferably 
just below the top of stratum 10,and then a tubing25, 
provided with a screen 26atits lower end,is lowered to 
the well bottom. Thereafter,by introducing suitably 
graded granular material down annulus 28 from Surface 
13,a gravel pack 27 is formed around screen 26 in a 
manner well known in the art. Preferably,but not nec 
essarilyinevery wellinstallation,a pump 29 operated by 
asuckerrod30maybeinsertedintubing25. 
At surface 13 suitable sealing means 31,32,and 33 

close of the top ends of casing16,casing21,and tubing 
25,respectively. From the upperend ofcasing21 apipe 
34 extends to a steam boiler orgenerator 35,by which 
means steam can be injected down annulus 28 to the 
well bottom,or through perforations24into stratum 10, 
orboth. From the top oftubing25apipe 37controlled 
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stratum 10,wheretheverticalf 
greatest permeability to steam occurs. - 
This method of heavy-oil recovery has beentested by 

apparatus such as that shownin Figure 2. fn the center 
of a cylindrical vesse150wasplaced a Screencup 51 con 
taining 30-mesh sand surrounding a vertical perforated 
ripe 52. Surroundingthe upper unperforated portion of 
pipe 52 was a perforated steam chamber 53 having a 
steam inlet tube 54 connected to a steam generator,not 
shown. From the cup 51 a siphon tube 55 for removal 
of the produced liquids extended up through the pipe 52 
and down to a collection and measuringvessel561ocated 
outside of and lower than the vessel 50. - 

Vessel 50 was filled with river sand 57 impregnated 
with parafin wax having a meltingpoint ofabout 128° F. 
which was alowed to solidifyin place in the vessel50, 
the top being closed and sealed by a layer of rubber 
cement 58 and the lid 59 of the vessel.,A layer 60 of 
thermalinsulation material was placed around the entire 
vesse150 and lid 59. - 
Steam was then introduced simultaneously through the 

inlet tube 54into the chamber 53 and into the pipe52. 
After melting of the wax adjacent pipe.52 occurred,as 
was indicated by production through the tube 55,steam 
wasthereafteradmitted to the sand body57onlythrough 
the tube 54 and perforated chamber53. Wax and water 
separated into two layers in the collecting vessel 56 for 
meaSurement. 
The results of thistest,with most ofthe non-significant 

variations averaged out,are shown graphicallyin Figure 
3. The water-production rate throughout the period of 
the test was nearly constant,asis shown bythe curve 62. 
The wax production rate,on the other hand,as shown 
by curve 63,rose somewhatslowly atfirst and then more 

5 - - 

fuidfowisleast,thatthe 

rapidy to a high maximum,after whichit declined rapid 
1y substantialy to zero. It was apparent that this de 
cline was due to thefactthatsubstantialy all of the avail 
able wax was produced and was not because of plugging 
of the sand 57 or any other failure of the production 
proceSS. 
The graph of Figure 4 presents the results of Figure 3 

in the form of cumulative amounts of wax and water re 
covered,as functions oftime,shown respectivelyas curves 
64 and 65. ft is believed of particular significance that 
the final water-wax ratio was only about 0.5,indicating 
that this method of supplying heat and its utilization by 
condensation are quite eficient Although itis realized 
that the ratio of water to hydrocarbon may in an actual 
case in an earth stratum be higher than 0.5,it is believed 
that,even with the larger heat losses of somewhat ele 
vated steam pressures and temperatures,it would Still be 
substantially less than 2.0,as compared with a water-to 
tar ratio of the order of 10to 1 for a hot-water recovery 
process. Hydrocarbons are thus recovered with a mini 
mum of admixed water,consequentlysimplifying the fur 
ther processing and separation of the water and hydro 
carbon to a high degree, 
Whie our invention has thus been described with ref 

erence to the foregoingspecific details,it is to be under 
stood that further modifications will now be apparent to 
those skilledin the art. The invention therefore should 
notbe considered as limited to the specific details Setforth, 
but its scope is properly to be ascertained by reference 
to the appended claims. 
We claim: 
1. The method of recovering,from an underground 

stratum in which it occurs,heavy oil which is substan 
tially non-flowable under reservoir conditions by the ap 
plication of driving-fuid pressure thereto,which method 
comprises the steps of driling a well from the ground 
surface at least to a depth near the lower boundary of 
said stratum,initiallyintroducingsteam into Substantialy 
the full length of said well between the stratum bound 
ariesto heat substantially the entire stratum face expoSed 
in the drilling of said well,whereby the wiscosity of the 
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6 
oil at Said face is reduced andit fows downwardy by 
gravity drainage toward the bottom of Said wel to ex 
pose for heating by said steam the unheated oilin said 
stratum behind said face,and whereby aninitialgravity 
flow pathis established alongsaid face substantialyfrom 
the upper to the lower stratum boundary,withdrawing 
from near the bottom of said wel the liquids which fow 
thereto by gravity drainage and whichinciude the con 
densate from Said steam,continuingthe injection of steam 
into said well bore and thence into said stratum atalevel 
Substantially above said well bottom,which steam fiows 
outwardy from Said well through said stratum to contact 
and heat the unheated oil therein which is continuously 
beingexposed by saidgravity-drainage flow of heated oil 
and to maintain the temperature of said heated oil 
throughout substantialy its entire gravity-flow path, 
whereby an oil-heating and drainage face propagates lat 
erally through said stratum away from said well,the rate 
of Said Steam injection being adjusted to maintain the 
steam pressure within Said well and the drained portion 
of Said stratum at a steady value where the temperature 
and pressure are efective to assist the fow and ifing of 
the oil,and continuing the withdrawal of liquids from 
near said well bottomat a rate correlated with saidsteam 
injection rate to avoid either substantial bypassing of un 
condensed steam into the stream of liquids being with 
drawn or substantial backing up of liquids into said 
Stratum? - 

2. The method according to claim 1 in which said 
steam injection step comprises injecting steam into said 
stratum nearthe top ofsaidstratum. 

3. The method according to claim 1 in which said 
steam injection rate is adjusted to maintain a steam pres 
sure within Said stratum greater than the bottom-hole 
preSSure exerted by a column of the liquids to be with 
drawn of a length equal to the depth of said well. 

4. The method according to claim 1 in which said 
steam injection rate is adjusted to maintain the steam 
pressure within Said Stratum at at least 65 pounds per 
square inch absolute,whereby the temperature to which 
said oilis heated and at which it is maintained during 
recoveryisatleastabout300°F. 

5. The method of recovering,from an underground 
stratum in which it occurs,heavy oil which is substan 
tially non-flowable under reservoir conditions by the ap 
plication of driving-fuid pressure thereto,which method 
comprises the steps of drilling a well from the ground 
Surface to a depth near the bottom of Said stratum,es 
tablishingin Said well a first fow channel extending be 
tween the ground surface and the face of Saidstratum ex 
posed in Said well at a substantial distance above the 
bottom thereof,establishing in said well a second flow 
channel Separate from Said first channel extending be 
tween the ground surface and a point nearthe bottom of 
said well,there being an initial gravity-fiow path from 
where Said first channel ends at the face of said stratum 
through Said stratum to the end of said Second channelat 
Said well bottom,injecting steam through said first chan 
nel into Said stratum to heat and reduce the viscosity of 
the oilin Said stratum So that itflows by gravity drainage 
along Said gravity-flow path to said wel bottom,whereby 
the unheated oil of Said stratum is continuously being 
exposed to Said steam to be heated thereby and the zone 
of oil heating,viscosity reduction,and gravity drainage 
propagates through Said stratum radialy outwardly from 
said well,and withdrawing through Said Second channel 
the liquids which fiow to the bottom of said well by 
gravity drainage at substantially the rate they collect 
there. 

6. The method according to claim 5 in which said 
steam-injecting step maintains said gravity-flow path and 
Said Second flow channel in thermal contact with Said 
steam throughout substantialy their entire lengths, 

7. The method of recovering,from an underground 
stratum in which it occurs,heavy oil which is substan 
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tialy non-fiowable under reservoir conditions by the ap 
pication of driving-fuid pressure thereto,which method 
comprises the steps of drilling a wel from the ground 
surface to a depth near the lower boundary of Said 
stratum,Settingin Said Well a casing extending substan 
tialy to said lower stratum boundary,said casing having 
perforations openinginto said stratum near the top there 
of,placing within said casing a tubing extending to at 
1east Substantialy the same depth as said casing,intro 
ducing Steam from the ground surface into the annular 
Space between Said tubing and casing to heat said tubing 
and casing by condensation within Said Space and to heat 
the face of Said stratum surrounding Said casing by heat 
conduction from Said casing,whereby an initial oil-vis 
cosity reduction occurs over substantialy the entire 
stratum face and heated oil flows by gravity drainage 
down said face outside Said casing to the bottom of Said 
tubing,thereby estabishing an initial gravity-drainage 
flow path outside Said casing from said perforations to 
Said tubing bottom and exposing unheated oil in said 
stratum behind Said face to contact with steam passing 
through Said perforations,withdrawing liquids compris 
ing steam condensate and oil from the bottom of said 
wel through said tubing,continuing the injection of 
steam into said annular space and through Said perfora 
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tions into said stratum to heat the unheated oi therein continuously being exposed by the gravity drainage of 
heated oil and_thus to propagate a zone of oil heating, 
viscosity reduction,and the gravitydrainage through Said 
stratum radialy outwardly from Said wel,the rate of 
Said steam injection being adjusted to maintain the steam 
pressure within Said annular space and the drained por 
tion of said stratum at a steady value where the tempera 
ture and preSSure are efective to assist the flow and lift 
ing of the oi,and continuing Said step of withdrawing 
liquids through Said tubing at a rate correlated to Said 
steam injection rate to avoid either Substantial bypassing 
of steam into said tubing or substantial backing up of 
liquidsinto Said Stratum. 
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