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Ignition is the first step to combustion oil re- 
c,o,.el.y. This important phase utilizes sophistica- 
ted techniques to ignite the oil bearing formation 
I,~. illcl*easing the reserlroir temperature near the 
injection wells to a level that will promote ac- 
li\.e combustion in the formation. Equipment and 
methods of ignition are discussed herein. 

Propel’ ignition starts the successful combus- 
tion project. Once the reservoir is ignited, the 
high temperature burning front moves through 
the formation, and exceedingly high oil recover- 
ies have resulted from this type recovery process. 
Poor or improper ignition can result in decreased 
combustion efficiency with a considerable a- 
lnount of the injected air by-passing the burning 
front. Since all air injected must be compressed, 
unreacted air represents an economic loss; and 
when onlv limited combustion is achieved, the 
overall economics of a thermal project can be se- 
riously affected. 

A recent article by Strange’ discusses various 
ignition schemes with numerous references to 
the subject. Strange’ classified ignition methods 
as to the broad categories of spontaneous and 
artificial ignitions. Some crude oils, particularly 
those in many of the California heavy oil rescr- 
voirs, are of such chemical nature as to be sus- 
ceptible to spontaneous ignition when contacted 
by injected air. Time of spontaneous ignition var- 
ies from a few days to several months. The igni- 
tion process can be accelerated by increasing the 
down-hole temperature at the injection well bJ 
artificial means. 

Where the reservoir is not susceptible to spon- 
taneous ignition, artificial methods must be used. 
The many different techniques that have been 
used include: surface heat injection, chemical 
methods (generally a substance readily suscepti- 

ble to oxidation such as phosphorous), and down- 

hole heaters. Electric-al heaters anal gas or liquid 

fueled burners are witlel?. used for ignition pur- 

Poses. These have advantages over other ignition 

systems in that well bore temperatures can be 
maintained at desired levels, the rate of heat in- 
put to the formation can be varied, and the op- 
erational period can be of such duration as to in- 
sure ignition if at all possible. Bdth electrical and 
gas bottom hole heaters are described herein. 

WELL COMPLETIONS 

As a highly important’ preliminary step to ig- 
nition, consideration must be given to the desir- 
able ignition points for a ‘particular formation: 
The main factor to co:?sider is which section 01 
sections of the formation should be jgnited to re- 
;Ilize maximum oil recovery from the project’. 
Once this is decided, the injection well comple- 
tion can be designed. Often, existing wells arc 
found suitable or can be reworked for ignition: 
The injection well, ,however, must be completed 
so that air enters at the se,l,ected point, and the 
well must be properly cemented to confine the 
high pressure air to the formation or zone igni- 
ted. Wells ha1.e been successfully ignited through 
perforations, open hole, slotted liners, gravel 
~)n**lts ard through tubing’ set on .conventional 
pxckers. Successful ignition jobs confine the high 
temperature zone to the format.ion interval, and 
in most cases conventional down-hole equipmert 
witlistnrds ignition temperatures. 

When it is desirable to separate closely spaced 

formation stringers, the impermeable shale 

separations between the formations should be 

c*ompetent.. and high temperature cement usetl 

in cementing the pipe through these sections. 

Once the injection well is completed, hack 

rlowifig of the well should be avoided. If this 

does occur, however, any oil that might enter 

the well bore should be removed from the well 

before ignition to prevent excessively high tem- 

peratures. Thermal *expansion of the casing does 

not normally occur in open-hole completions, 

and experience with numerous perforated com- 

pletions indicates that well damage due to ther- 
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nal expansion seldom occurs but almost never 
occurs to the extent that the injection well must 
)e reworked. 

XLECTRICAL, IGNITION E:QUIPMENT 

Although a wide variety of electrical heat 
generating devices are available, standard re- 
;istance type heaters are normally used in down- 
lole ignition. Fig. 1 shows surface equipment for 
electrical ignition systems. Basic equipment re- 
luirements are simple--an electrical cable of 
uitable length, high pressure lubricator, elec- 
rical power supply, an air injection system, and 
he electrical heater. For best control and max- 
mum efficiency of the ignition operation, down- 
bole temperatures should also be measured. 

Power supply systems generally used are 220, 

ig. 1 Surface Installation for Electrical Igni- 
tion. 

440, or 880 volts. The electrical power can be 
supplied by temporary generator units or from 
normal field power sources, through suitable 
transformers. The use of commercially avail- 
able power is usually justified because of de- 
pendability and convenience. Down-hole elec- 
trical heaters are designed as to a specific volt- 
age and power phase. Load requirements range 
between 10 and 40 KW, and the power supply 
must not only be compatible with the heater de- 
sign hut also must be capable of the maximum 
load delivery. A temporary transformer located 
near the injection system is highly satisfactory 
for this service. 

The lower end of a 20 KW, 440 volt heater is 
shown in Fig. 2 before it is to be inserted into the ,’ 
pressure lubricator. Several standard heaters are 
available in sizes ranging from 20 to 40 KW. The 
maximum diameter of the heater is 3.25 in. which 
is adaptable to running in oil wells completed 
with four in. or larger casing. The heater ele- 
ments are made with an alloy metal sheath ma- 
terial of 0.625 in. 0. D. which can operate con- 
tinuously at 1500” F. Electrical resistance wire 
inside the elements is insulated with magnesium 
oxide. Another heater design which uses only 
three elements can be run through 2 in. pipe. 
This 10 KW, 440 volt heater is only 1.61 in. O.D. 

The design of electrical heaters is quite flexible 
and a heater can be built for almost any special 
application. Fig. 3 shows that the power delivery 
of a specific heater decreases with the length of 
electrical cable (depth). A single phase 20 KW, 
440 volt heater will deliver only 13 KW down- 
hole with 2000 ft of No. 8 electrical cable. Fig. 3 
also shows that power loss is less if three-phase 
440 volt heater design is used. Line losses can be 
reduced by using larger electrical cable or by in- 
creasing the voltage. No. 8 cable is normally used 
at shallow depths and No. 6 and No. 7 for deeper 
holes. 

Cable insulation is normally made of oil resis- 
tant rubber or plastic. If temperatures higher 
than 300°F are anticipated, Teflon insulation is 
suggested. The insulated cable is supported by a 
double-wrap wire armor with a breaking strength 
of about 16,000 Ibs. Particular care should be 
taken to make certain that the oil saver shown 
in Fig. 1 will afford a pressure seal against the 
electrical conductors. 

Proper operation of the igniter is indicated by 

current and voltage measurements. Heater tem- 

peratures can be controlled by varying the power 
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Fig. 3. Electric Heaters Decrease in Power Delivery 

Due to Line Losses in the System. 

to the heater, either by adjusting the voltage, or 
by simple on-off control of the heating cycle 
Temperatures can also be controlled by proper 
adjustment of the air injection rate. It is always 
desirable to measure the heater temperature. 
Thermocouples can be used for this purpose. 
These can be built into the heater and the tem- 
perature signal transmitted to the operator 
through small lead wires in the conductor cable; 
but at shallow depths. It is convenient to equip 
the injection well with a thermowell pipe. Tem- 
perature surveys can then be measured at any 
point opposite the formation, as well as for heater 
control. 

Electrical ignition has certain operating char- 
acteristics superior to other heating systems. The 
main advantages are: (11 position of the heater 
can be changed so that all parts of the well bore 
are exposed to ignition temperature and (21 tem- 
perature control of the heater is fast and depend- 
able. Disadvantages may be listed as: (1) practi- 

Fig Fig. 2 View of 20KW, 440 Volt Electrical Heater and Pressure Lubricator 



DOWN-H()LII: GAC; I(:I\:ITlON EQI~IPMENT 

The gas lgnltlorl systems arc. extremely easy to 
run and are not limited as to depth or, within 
practical limits, rate of heat. generation. The par- 
ticular system described herein was developed b> 
Pan American Petroleum Corporation2 and has 
been used in numerous oil fields. 

Basically, the ignition consists of injecting gas 
down the tubing and air down the annulus at a 
controlled ratio. The gas and part of the air 
stream are mixed and burned inside a down-hole 
heat-shield which protects the oil well casing 
from excessively high temperatures. The excess 
air that is available for cooling the heat shield 
varies from 78 to 93 per cent, and this air, now 
preheated, enters the formation to initiate and 
support combustion. 

Fig. 4 shows two of the heat-shields. The stain- 
less steel shells are lined with a refractory ma- 
terial which confines the gas flame temperatures 
inside the shield. 
--- 

-- 
---_-- 

Fig. 4 Down-hole Heater-Shields for Gas Burner 
Tgnition 

The down-hole burner is measured into the 
hole by wire line. The burner is shown in Fig. 5 
as it extends from the wire line lubricator. The 
small lines shown at the well head are for gas 
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while the air enters through the two in. line. The 
nitrogen cylinder near t hc well head is used 
\vhilc 1o:lclin.q thtl ignition clicniic~al in tlic burner 

nnd as ;I snfct\r mcasur-c. it is used to separate 

gas-air interfacaes during the operation. 

Fig. 5 Downhole Burner and Injection Well for 
Gas Burner Ignition 

A 3500 psig pressure, portable gas compressor 
is shown in Fig. 6. This machine is completely 
water cooled and has a maximum capacity of a- 
bout 20 MSCFD. Fuel gas is compressed to the 
necessary pressure and discharged through an 
orifice meter at closely regulated rates. 

Fig. 6 Gas Compressor for High Pressure Gas \ 
Supply to Burner 



Accurate gas and air rnetering are the most im- 
portant features of this ignition system. Fig. 7 
,il,oll’s the integral orifice DP cell gas meter At 
Lilt qht side of Fig. 7 is the air injection meter. 
[‘n&l acliabatic Wnditions. the temperature of 
11,~ ‘\,r deli\rered to the formation can be con- 
troll(~d by adjusting the air-gas ratio. Just as in 

elec’tri(*;il ignition, the quell bore should 1~ free of 
oil to a\,oitl esc-essi1.e tcml1cratures. Temperature 
,1leasuren~ents at or af)o\.c the heat-shield ;~r(’ 
rllacle routinely anti by ccluipping the hole lvitli 
21 small thermowell string, sand face tempera- 
tures can be measured tllld csontrolled to a high 
degree of accuracy. 

Fig. 7 Gas and Air Meters for Gas Burner 
Ignition 

Hl~:AT REQ[‘lRl1:RIENTS 

‘I’ernpeJ~ature rise of thtl lnjec*ted air can be es- 
timated from Id’ig. 8 1vhic.h is al)plic~ablc to both 

jias and elec~tric~nl ignition. Fig:. 8 is intlicti\re of 

stal~ilizeti heating cy)nclit ions \\~lieI~ all heat gen- 

eratecl at the burner is :t~rnsfc~r~~l to the injec,tetl 

air stream, For example, :I gas lmrner operated at 

fi\~e MSCFD gas rate will inc,rease the air tem- 

perature !)OO”F if the air injection rate is 300 MS 

C’I<‘D. Fig. 8 also shows that a 40 KW electrical 

heater can heat about 200 MSCFI) of air to the 

;ame !)oo’ tempel.ature incrclase. This inclicatcs 

:lie clesirahilitv of gas ignition at higlicr air injcc,- 

Lion rates. The suggested maximum ratt for the 

gas but.ner is about 600 MSCFD of air at a !)OO”F 
tempcrnture rise at a gas rate of IO MSCFD. 

Although the rate of heat injection and the 
tcml)crnture lc\rel are important, the total quanti- 
t>r of heat injected also appears to be a factor in 
succ,essful ignition operations. Strange’ summar- 
izecl several field cases which indicate that the 
total hcnt injcc*ted during ignition ranges from 
about 0.4 to 33 MM P,tu per ft of pa,v thickness. 
TZn111cy:’ has presented technical cnonsidcrations 
of ignition heat rcquircmcnts. Oils susceptible to 
sl)onta!rcous ignition genei,ally require \.ciy little 
heat input after ignition temperature is reached. 
About one MM Rtu p:‘r ft is usuall,v sufficient for 
shallow oil sands over 20 ft thick containing a 17” 
to 25’ Al’1 oil. The heat supplied should probably 
hc incsreased for thin zones and for lighter, less 
\riscous, oil reservoirs. As a matter of practical 
operations, maximum heat should be generated 
for the deeper thermal projects because ignition 
(ant1 rc-ignition where necessary) is both time 
consuming and expensive, with both factors w 

sually magnified at depths over 4000 ft. 
The total ignition time may be approximated 

once the heat requirements are estimated, if the 
desired heat injection rate can be maintained. 
Fig. 8 is useful in this estimation. For example, 
if the formation is 30 ft thick and the estimated 
heat requirement is one MM Rtu per ft, the total 
heat generated will be 30 MM Htu. Assume that 
an ait. rate of 200 MSCFD is desirable and (aan be 
maintained, and that the operating temperature 
is 1000” (a !)OO”F increase o\Ter air density tem- 
perature). Fig. 8 shows that a gas burner rate of 
3.3 MSCFD (or a 40 KM? heater) is necsessary, The 
heat generation rate is 3.3 MM Btu per day based 
on ;I heating jralue of the gas = 1000 Rtu/cau 
ft ); thus the time required for the ignition will be 
ithut nine da.vs. 

IS 17‘ i: I’RNTNG? 

Often t hc ac~tual time of ignition is almost im- 
1,ossil)lc to tfctcc.1. There at’e numerous indica- 
tions. llo\ve\~ei~. that are helpful during the opera- 
tion. The first inclination comes from tempera- 
tuw measurements made across the formation. 
Ii’ig. !) sho\vs temperature surveys during an elec- 
trical ignition. On (‘urve cl), with the heater at 
position 1 1 ). ignition is oh\.ious in the top eight ft 

of the zone. Also ol)\rious is that little or no air 

is entc>ring the formation I~low about 1 I ft fl~om 

t hc tol) of the zone. The well was c.hec*kecl anti 

santl fill csleaned out. Tht~n temperature (*uy. e (2) 
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as obtained with the igniter at position (2). 
1 case (2) ignition appears satisfactory but in- 
srpretation of the temperature results is not pos- 
ive. 

Fig. 10 shows similar, temperature l)rofiles tlu~,- 

g a gas burner ignition. Temperature survey 
) indicated burning at several points because 
le igniter temperature was only 48O”I~‘. Ac*ti\,c 
xning is obvious at 22 ft below the top perfora- 
3n, but is probably oil burning in the \\*ell-bore. 
?mperature curve (2)) measured se\,eral hours 
ter, shows several residual inflection points 
tributed to formation burning, although the 

ell had been cooled in between the temperature 

rveys. 

When down-hole tcmpclxtures exceed those 
shown on Fig. 8 for given injection conditions, 
additional heat is being generated by combus- 
tion. I’nder stabilized c*onditions, an incarease in 
temperature with dept.h below the heater is in- 
tlic,ati\‘e of combustion. 

Ail. injection perforn1nnc.e (luring ignition of- 
ten shows that cnombustion has occurred. Fig. 11 
shows the air injection rate and injectivit! 
during ignition. The air injectivity decreased 
from a stabilized \*alue of about one to about 0.c; 
SC’FI) JP’. A tIvo or three fold decrease of injec- 

ti\-ity during ignition is not unusual. Factors that 

cause this are increased air temperature and vis- 

cosity due to well bore and formation heating, 

200 400 600 800 1006 
AIR RATE, MSCFD 

Fig. 8. Temperature Rise of the Injected Air can be Estimated. 
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but primarily if the effect is sustained, the de- 
creased injectivity is attributed to oil moved by 
the burning front which reduces air permeabilit! 
in the zone ahead of the burning front. 

Increased injectivity sometimes occurs during 
ignition, however, when the well bore had been 
plugged or damaged in some manner. IJsually air 
injection at low temperature levels cleans the 
well bore. and where damage was severe, the in- 

jectivity increases. 

M’here combustion is highly effic>lent, the pro- 
duced gas contains carbon dioxide and carbon 
monoxide but no oxygen. Therefore, analysis of 
produced gases offers still another positive indi- 
cation of ignition Case J of Fig. 12 shows gas 

produced from an oil zone which is not too sus- 

ceptible to low temperature oxidatidn. A de- 

crease in oxygen content on the second day of 

ignition indicates combustion. After six days op- 

eration the oxygen content decreases until it is 

0 200 400 600 800 1uuu 1 zuu 

TEMPERATURE, o F 

Fig. 10. ‘remperature Profiles During Gas Ignition. 
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1”‘sitil.e that the formation is burning and even 
the (grlmn dioxide content has started increas- 

Ing. 

\VIicsre the oil is suxeptible to oxidation, little 
oI’ no osy,qen appears in produced gases. Case II 
(,f Fig. 12 shows 3 Ivery gradual increase in car- 
l)(jn dioside. In fact, no definite indication of 
burning \jras obtained during the first igniter op- 
eration period. The second heating period lasted 
12 davs but the detection of c80mbustion, as indi- 
c,ated hy the carbon dioxide c*ontent of the pro- 
duc8ed gas, was positive only after about 15 days, 

The lag in c*arbon dioxide appearance is due to 
its greater solubility in reservoir liquids. Carbon 
nionositie is also indicative of combustion, but it 

remains at about the one-two per cent level. At 
e\ren modest pressure levels, howe\.er, it is usual- 
1~ weeks or months before the produced gases 
reflect stabilized burning front conditions. 
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