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INTRODUCTION 

The benefits of steam injection have been 
known for many years in the oil industry. It is 
reported that steam injection was first used to ac- 
celerate production shortly after the discovery of 
oil in Pennsylvania.’ In the early 1930’s, Smith 
Stoval conducted extensi\Te laboratory studies 
and performed a field test near Woodsen, Texas, 
to evaluate the steam drive mechanism.2 Recent- 

ly, the search for additional oil reserves has 

caused a great deal of effort to be directed toward 

the evaluation of thermal recovery methods. Im- 

provements in steam generating equipment and 

spectacular results obtained from steam stimula- 

tion projects have accounted for increased popu- 

larity of steam injection. These spectacular re- 

sults have also caused a cloak of secrecy to be 

placed on steam injection projects. 

This paper discusses two steam injection meth- 

ods which are currently being used by the oil in- 

dustry: steam drive and steam stimulation. Each 

method has inherent advantages and disadvan- 

tages. Variations andf’or combinations of these 

methods have been used to utilize the advantages 

of both processes. 

of California 

STEAM DRIVE 

This process invol\:es continuous steam injec- 
tion into a well(s), with production being taken 
from other well(s). Oil is displaced by a complex 
driving mechanism consisting of a cold water 
drive, followed by a hot water drive, which in 
turn is followed by a gas (steam) drive. Reduc- 

tion in increases the sweep efficiency 

of a steam drive over a conventional waterflood. 
Thermal expansion of reservoir fluid in the heat- 
ed zone increases recovery from both the swept 
and non-swept portions of the reservoir. In addi- 
tion, a portion of the “residual oil” in the swept 
zone is recovered by steam distillation. Labora- 
tory studies by Willman et al, and steam distilla- 
tion data can be used to estimate oil recovery by 
steam drive.3 

During steam injection, heat losses occur in the 
wellbore of the injection well and in the reservoit 
itself. Ramey has published data which are useful 
in estimating wellbore heat losses.’ Heat losses in 
the reservoir mainly involve vertical heat flow 
by conduction to strata which occur above (and 
below) the reservoir being flooded. Several meth- 
ods may be used to estimate these losses. 3,5,e,7 A 
graphical solution of heated radius (after vertical 
heat losses) using the Marx and Langenheim 
Method is shown in Fig. 1. ‘,’ 
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Graphical Solution oE Marx 

and Langenheim Eq. for 

Calculating Radius of Heated 
Zone, aEter Vertical Heat 

Losses 

R. C. Hawthorne 
D. N. Forster 

12-6-62 

Example : 
Ho = 18 x IO6 ETU/HR. 

AT = 450 OF. 
h = 20 Ft. 

Heat Loss in Wellbore = 13% 
How Long Before r = 200’7 
Enter T:p of Chart at 

H,h/ AT = .645 x 106. Drop 
Vertically to Slanted Line 
Where R = 200’ , Move Horiz- 
ontally to Slanted Line 

Where h = 20’, and Read 
Injection Period of 9% 

on Bottom Scale. 
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VISCOSITY OF CRUDE OIL 
AT OIL FIELD TEMPERATURES 
- GAS FREE at 0 PSIG 

- - GAS SATURATED at 500 PSIG 

---- GAS SATURATED at 1000 PSIG 

- OF 
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~)~Y~\~c~I~~c~III 01’ irlll~~irnlcn~ is (affct.tc4 in the vici- 

ilit!. of t IIC, \\~c~llbo~~c~. I’c~~~nie~rI~ility intprovement 

ni;i>. ~~s~ilt !‘t~~iti the t~~rno\~;~l of ljitunten or wax! 

cit~l)osits in Ilie \.lc.inlty of the \vellltore. Perntea- 

I)ilit>, iml~;rii~nient ina> t)c (‘ausecl by clay swell- 

ing. ti~ir to c~ontac~t \\.ifli fresh \vater. 

.I\fter l)i’odu(‘tion has cieclined to normal, the 

cnt ircb ~Jimxw ma> he repeated. The number of 

c~,~.c~lcs \\.lii(.Jt (‘an t)e J)~3~fitabl?~ performed, and 

t hc ~~ltim;~tc~ ixxw\~ei~y tJ\r steam stimulation is un- 

lino\\~it ;I( this tinte. 

S’l‘I~:;\\I I)J?J\‘JS - FJl~:I,l) I2l~:SI’I,TS 

I);112 fi,ont t~4.o steam tfi~i\~c3 Ii;r\.c been reported 

in recent literature. ‘I‘. M. Doscher et al reported 

the reslllts of a modified steam drive conducted 

irt C‘anacla’s At hal~sc~;~ Tar S;III&.‘~ Recovery ef- 

flc,ienc;es of f,O-‘iO.pc~~~ c.cnt were reported. This 

test entJ~lo~~J the injcc*tion of an alkaline solu- 

tion (in addition to steam injection) to recover 

the bitumen c,ontained in the Athabasca Tar 
Sands. 
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Jiri Juranek reported oil recoveries equal to 
550 per cent, expressed as 100 times the ratio of 
output energy to input energy, for a steam drive 
in a Czech reservoir.” In other words, the heating 
value of the crude recovered from this steam 
drive was equal to 5.5 times the amount of ener- 
gy used to generate steam for injection into the 
reservoir. 

STEAM STIMULATION - FIELD RESULTS 

Owens and Suter reported results of three 
steam stimulation treatments (first cycle) made 
in three separate areas.O Figs. 3,4, and 5 show the 
results of these tests. These treatments do not re- 
present optimum treatment: however, they are 
representative of several treatments on different 
wells in each particular area. 

These results show high initial well producti- 
vity, and incremental oil recoveries ranging from 
2.2 to 6.6 bbl per million BTI! injected at the sur- 
face. Incremental oil recovery is defined as extra 
oil recovered during the producing period. The 
heating value of incremental oil recovered ranges 
between 7.9 and 23.6 times the energy used to 

generate the injected steam (based on boiler ef- 
ficiency of 60 per cent and net heating value of 
oil equal to 18,000 BTU,‘%). Produced fluids from 
the well in Area B (see Fig. 4) removed 143 mil- 
lion BTU from the treated zone before the BHT 
returned to normal. This represents only 4.6 per 
cent of the total heat injected at the surface. 

Water production after stimulation was negli- 
gible, and ranged from 29 to 43 per cent of the 
amount of water used to generate the steam slug. 

Owens and Suter reported that tests made in 
other areas indicate that an upper oil gravity lim- 
itation of 15 “API exists for profitable application 
of steam stimulation.R 

CONCLIJSION 

Steam injection has recently become an impor- 
tant secondary recovery method, especially in its 
application to reservoirs which contain low grav- 
ity crude. Steam ‘drive application is limited by 
the magnitude of heat losses, and the amount of 
additional oil which is recoverable. Steam stimu- 
lation can be successfully applied to wells which 
produce 15 “API crude, or less. 
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It is anticipated that industry technology will cj. Lauwerier, H. A., “The Transport of Heat 
be greatly improve{1 as restrictions are lifted in in an Oil Layer Caused by the Injection of 
the exchange of information on steam injection Hot Fluid” , Xppl. Sci. Res.. Sec. A. 195.5, p. 
operations. 145. 
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