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PRIMARY RECOVERY 

The Allegany Oil Field in New York is typical of fields whose primary recovery is 
produced by dissipation of the energy supplied by gas in solution in the oil.Secon
dary reco'lery must be obtained by restoring energy to the reservoir. 

Discovered in 1879, the field reached its all-time peak production of 20,000 bar
rels of oil per day in 1882 and its all-time low in 1912 with only 1,550 barrels per 
dayo At this time the 46,500,000 barrels which had been produced, represented less 
than one third of the total oil produced to date~f- and about 18% of that estimated to 
have been in place originally. 

Such a decline in production is normal in the solution-gas-drive type of oil 
field when the natural gas is produced and the energy which forces oil through the 
pot'e;S into the well bore is thus dissipated. This fact is first borne out when the 
.. :ell ce ases to flow and must be pumped. Further natural energy dissipation reduces 
the volume of oil which can be pumped from the well until it becomes uneconomical to 
opsrateo Often a vacuum is pulled on the producing well to help increase production 
a:1d prolong the inevitable natural end. Such a stage had been reached in the Allegany 
field in 1912 '\\Then each well averaged only about 1/8 - 1/10 barrel of oil per day. In 
ether v:ords the primary recovery phase was completed and the stage set for secondary 
recoveryo 

RESTORATION OF ENERGY AND SECONDARY RECOVERY 

Secondary recovery has been defined as the recovery by any method (natural flow 
or artificial lift) of those hydrocarbons which enter a well bore as a result of aug
mentation of the remaining natural reservoir energy after a reservoir has approached 
its economic limit of production by primary methods. If this rejuvenation takes place 
earlier it is most often called pressure maintenance and the division between the two 
is very indistinct. Usually secondary recovery is accomplished by the joint use of 
two or more we~_l bores 0 

The first method of secondary recovery used was that of injection of gas and/ or 
air, into one -Nell, often combined with the use of a vacuum on the oil producing wells 
in ordelo to further increase the pressure differential between input and producer. This 
procedure was later found to be more successfuI than waterflooding .in the oil sands of 
western Pennsylvania, Ohio and west Virginia. Waterflooding was discovered by acci
dent; prior to 1907, by the leaking of fresh water through faulty casing onto the oil 
sand of a depleted well. 

The additional pressure thus put on the sand face caused an increase in oil pro
duction on nearby wells and, when recognized, started a flurry 6f purposely made nleaks tl 

in the casing of other wells. From this randorri "conversion" of oil wells into water 
intake wells the process became refined by applying greater control to the amount and 
condition of water which could get onto the sand face. Coincident ,with this advance 
came definite patterns for the injection wells. Through the years this has developed 
from one injection Well surrounded by. producers, through the progressive line flood, 
to the pattern of 4 injection wells on the corners of a square and producer in the 
center, called the IIfive-spot". It is this pattern which is used almost exclusively 
in the Allegany Field and the Bradford Field and. which is the most. economical and 
efficient for pattern type waterflooding. 

~f- Total is 150,000,00 barrels to 1/1/57 



40 FACTORS INFLUENCINGWATERFLOOD 

Of all the factors which affect waterflooding, uniformity is the most important 
and oil satu.ration next. Without the required degree of homogeneity, both horizontal 
and vertical, the oil cannot be removed efficiently or economically. Without suffi
cient oil content the process cannot make money, even if all oil is removed, so th~re
fore it is useless. 

GEOLOGICAL FACTORS 
Geological factors play a most important part in determining the success uf a 

water flood. It is in their application to preliminary estimates and later operation 
that the geologist can be most helpful to management. The more important geological 
features which influence a waterflood in its planning and development stage are the 
thickness, depth, COIIlPosition, shape and structure of the reservoir. 

Thickness of the reservoir is important because the greater thickness me~lS more 
reservoir volume. No overall minimum can be applied because of varying costs of deve
lopment and operation and the price of oil. In the Allegany Field 8-10 feet of net 
pay thickness is the minimum that can be economically flobdedat present. 

Depth of the reservoir affects the cost of development and the pressures which can 
be usedoMaximumdepth at which a flood can be operated depends upon the estimated 
recoverable oil, the spacing of old Weiis"aild the cost and necessity of completing 
nSi', 011es or reworking old ones. Shallow depths limit the amount dr pressure which can 
be used' (empirically determined to be equivalent to about one pound per foot of depth) 
and may expose the formation to the deleterious effects of surface-connected joint 
planes or other fractures. 

Composition of the rock determines whether it is primarily silica or carbonate 
rocko. Sandstones ,are generally the most efficient waterflood medium, dolomites next 
and limestones last because of their relative uniformity of texture. 

Shape of the reservoir may have a considerable bearing on the pattern of wells 
used, the spacing between them and their orientation. In large oil fields this is not 
so much a f,actor as it is in the small lense type of field, or in the ifshoestring" sand 
bar field where the permeability is usually greater parallel to the long axis. 

Structure of the reservoir is important, but critical only when severe faulting or 
folding has .r.aused isolate~ production units or steep and variable dips which would 
dictate. spacing and pattern adjustments. 

Uniformity .of the above features is certainly to be desired but is not nearly as 
critical as tte uniformity of the geological 'factors which largeiy control the effic
iency and operation of the flood, namely texture, mineral composition and shale part
ings. 

Te,xture of the ,.reservoir body is controlled by grain size, shape and arrangement. 
These in turn affeCt permeability and porosity and. therefore riot only the rate at which 
fluids c,an mqve through the reservoir, but also the volume that cart be put in, the 
amountlJi'c·oi1 that is left .after primary recovery and the percent that can be moved by 
waterflo;o(f~. Generally a fine, even textured sand will yield less primary and more 
secondary oil than a coarse textured reservoir. Grain size and arrangement, plus the 
amount and t.ype of cementing materiai, also control pore diameter and distribution 
which are the most influential factors fn determining the rate of fluid flow. 

The full effect of mineral composition of the reservoir rock on the operation of 
a waterflood is not completely determined. \'ie do know t.h.qt. tho s'WQll:i..l:l.s o£ CO,...+.;;\; n 
~lay minerals in the presence of fresh water oerlously impairs the rate of water 
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throughput. We suspect that changes in mineral content alter the we tt ability 0 

While shale partings are in a sense part of mineral composition, they are thought 
of here in the broader sense of a sedimentary condition which can isolate pqy horizons 
from each other horizontally (lensing) or separate them vertically and thus act as a 
permeability barrier to any natural gravitational separation of water, oil and gas. 
While the shale of itself is not a deterrent and many operators prefer to find some 
shale barriers, the isolation of pay layers vertically and horizontally cannot be too 
great and still permit fluid movement from injection well to produceru 

PHYSICAL J\ND CHEMICAL FACTORS 
We find that many physical and chemical. properties of the rock also warrant con

sideration'in planning and conducting a waterflood. Oil, water and gas saturation are 
most importanto. Without enough oil no flood can be economical.. With the required 
oil saturation and too high a relative water saturation perhaps only water will move. 
When gas saturation is too high dangerous by-passing and waste of water may oc.cur. 
Effective permeability to water will vary as the relative saturat:i')n ()f the rock with 
water, oil and gas changes, thereby changing water injection ratps. 

Permeability and porosity of the pqy and of the other formations exposed to water 
injection determine the rate of fluid thruput and the volume of fluid used respective.,~ 
lye 

Wettability is actually a physical property of the rock, derived from a combina
tion of geological and chemical factors. It is that property of a rock which renders 
the rock preferentially oil wet or water wet and determines if the formation will flood 
successfully. 

Character of the natural oil and natural water are important. Each must be com
patible with the injected fluid and the viscosity of the oil must not be too high. 
Allegany crude oil is about 4-6 centipoise at a formation temperature of 6BoF and is 
considered almost ideal .• 

DEVELOPMENT OF WATERFLOOD OIL PRODUCTION 

After acquiring a waterflood prospect there is always information that would be 
desirable to have which would help determine the best method of operation that will 
produce the most oil economically, so the first well drilled on the prospect is usually 
cored and analyzed. 

TESTING 

There are three types of cores that can be taken. The diamond core, taken with 
rotary tools operating a diamond bit, cuts a solid section of the formation. It is the 
most expensive method but also allows a more complete analysis and it usually recovers 
all the formation. 

Next preferred is the Baker core taken with a special bit operated on percussion 
type tools 0 The core take.n is removed in ilbiscui ts"v-.rhi.ch are large enough to run 
most q,nalyses. The drawbacks to this type of coring are frequent loss of core and 
biscuits not large enough to run a complete analysis. 

Chip coring, as the name implies, is a method of recovering fairly large chips of 
the producing formation. It is easy and inexpensive to take but requires special hand
ling in the laboratory. Not all laboratory tests can be run on chip cores. 

After the core is taken it is cornmon practi~e to obtain an electric log of the 
well. This log, compared with the core, will give information that is very useful~ '"in 
well completion work and, when compared. with electric logs of other wells on the lease 
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Ir~ J: J.,~';orc1 ClGrUer evaluation of changes in reservoir characteristics 0 The inter~re
tation 01 electric logs is highly specialized work. 

Core analyses will indicate the formation thickness, pay thickness , permeability, 
porosity; oil saturation, water saturation, and residual oil saturation after labora
tory f~,ooding< From this data accurate estimates of recoverable oil can be made, the 
most economic well spacing can be determined, the method of completing the wells can 
be decidej and the general economics of the whole operation can be planned. 

}\ typical core in this area would show perhaps eighteen feet of "payil sand, thir"':" 
teen percent porosity, five millidarcies permeability, forty-five percent oil satura
tion that on laborat'ory tests ,will waterflood down to a residual oil saturation. of 
twel1ty-,five percent. Connate· water can be calculated and usually runs around twenty 
percent of pore volume. 

DRILLING 
The ddlling of input and producing wells is identical. In this area the accepted 

pr2ctice is to drill a ten inch hole through the unconsolidated formations and set 
eight inch pipe, This averages 40 9 of depth. An eight inch hole is then drilled 
through all the ground water formations (from three to five hundred feet in this area). 
Six ill1d one-quarter inch casing is set at this point and a six and one-quarter inch 
hole is 'chen drilled to and through the producing formation to a point forty or fifty 
feet below it. Average total depth is 1500 feet. The ilpay!1 formation drill cuttings 
are saved and can be compared with the electric log which is taken as soon as the hole 
h2S reached total depth. From the cuttings and electric log the shot is determined. 
l!Jells are shot in this area with liquid nitro-glycerin which is lovrered into the hole 
~_n thin metal containers to a point opposite the producing formation. An average shot 
would use three quarts of nitro-glycerin per foot of producing formation. The shot is 
detonated by a nsquibil containing two fused sticks of dynamite. The purpose of shoot
ing a well is to break up or fracture the producing formation which groatly increases. 
the effective well bore and therefore increases the rate at which the well can produce 
fluids or take injected water. Both injection and producing wells are shot. Up to 
this pcint both are completed in exactly the same manner. 

COMPLETING 
The equipping of an injection w,ell consists of running tubing, usually two inch, 

on a packer which is set immediately above the producing formation. Approximately 
twenty sac];:s of cement are placed on top of the packer to hold it securely against 
the P1'8ssur'e that is to be applied. The tubing is then connected to a line which 
brings 1:Jater from a pressure plant. Each well is equipped with a meter so that the 
aInoJ.nt of vJater being injected can be determined and controlled. See fig. 3 for dia
gr&l' of a typical 1'later injection well. 

Producing wells, when completed to flow, are equipped in exactly the same manner. 
If they are to be pumped, a pump barrel is run on tubing to a position near the bottom 
of ti1e hole, The pump plunger is run into the pump barrel on sucker rods which. are 
used to activate it. These rods in turn are activated by single well jacks, or by 
j ad::s conne cted to a centr al power by surf ace rods. Single well jacks are in wide 
spread use where cheap electric power is available. See fig. 3 for diagram of a typi
cal pumping oil well. 

Hater lines are buried below frost level to connect each injection well to the 
pressure plant. Separate oil and gas lines are laid to each producing well to connect 
them with t:le fluid gathering system. If oil wells are to be pumped from a central 
power surface rod lines are run from it to each well jack. If oil wells are pumped 
individually some form of fuel, electricity or gas, must be lead to each well. 
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44 This completes the development of the waterflood property and brings it to the 
operational stage of injecting water and producing oil. The detailed layout of a c~ 
plete waterflood system can be seen in fig. 3. Development costs up to this point will 
average $]000 per acre at the present time in the Allegany field. 

PREP MATION AND INJECTION OF WATER 

In order to properly waterflood an oil reservoir an adequate source of water must 
be found and equipment installed to put this water under press~e into the "pay" re
servoir. 

A good flood water should be clear and free from any foreign particles or bacter
ial gro\~hs. It should be neither corrosive nor scale-forming. The flood water should 
be compatible with the sand formation to avoid swelling of the clays, and with the 
formation water to avoid deposition and plugging of the sand. 

SOURCE 
The water used in this area comes mainly from gravel and rock formations. Gravel 

wells are found from 20 to 50 feet below the surface, while rock wells are found from 
100 to 300 feet below the surface. The gravel water well requires more work in com
pletion and vull produce a higher quantity but lower quality water. The amount could 
range from 50 to 150 gallons per minute. The rock water wells are deeper and as a 
rule produce less but better water. Rate of production varies from 30 to 85 gallons 
per minute. Water from rock wells has a better chemical stability with no dissolved 
o:.ygeno The gravel water is chemically less stable and more corrosive than rock 
1'iate:c. 

Air lift jet pumps were used soon after the beginning of pressure flooding in 
19300 30me of these are still in service, but due to the large amount of dissolved 
oxygen jetted into the water, turbines, submersible pumps and pumping jacks have 
tillcen their place. These later pumps produce oxygen free water and reduce pitting 
and corrosion. 

TESTING 
Mineral analysis is necessary to tell the characteristics of a water. Dissolved 

oxygen, pH and free carbon dioxide tests are run at sample location. Tests for the 
amount of sulfates, iron, manganese, alkalinities, chlorides, hardness, silica, cal
cium, magnesium and total solids are made in the laboratory. From this analysis can 
be calculated the amount of settling tankage that will be necessary before filtra
tion and the chemical treatment required. 

TREATI'1ENT AND FILTRATION 
Inorganic chemical treatment is usually ,added to the water as it enters the set-

. tUng tanks or ponds. This tre atment is used to co agulate the he avy minerals and pre
pare the water for filtration. The chemicals used are coagulants, caustic materials, 
chlorine or chlorine solutions. The caustic material used in this type of treatment 
will raise the pH to an 8.4 to 8.8 range from the average of 6.5 to 7.5 usually found 
in natural waters in this area. Chlorine residuals before filtration should be from 
100 to 0.5 parts per million. After filtration they should range from 0.5 to 0.3 ppm. 
The chlorine will also act as a bactericide in this treatment. 

Filters are used to remove the coagulated minerals, foreign particles and bacter
ial growths. Anthracite coal is used as the filter bed more often than sand and gravel 
because the density is. lO'Wer md it requires lower backwash rates.. The filter media 
is one foot of walnut size on bottom, one foot of hazel-nut size in the middle and one 
and a half feet of fine grade (similar to sugar gruns) on top. The rate of filter-
ing should not exceed 2i gallons per minute per foot of area. Backwash rates for coal 
beds should be 6 to 9 gpm, sand andgra.vel 13 to 16 gpm per square foot. Filtered water 

'1 
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storage is provided in order to keep the plant running during backwash of filters and 
during the shut-d0WDS and repair of low pressure equipment. 

Organic treatment is also used usually after filtration to inhibit corrosiveness, 
sequester heavy minerals and lower the surface tension of the water. Many of the 
organic compounds also have bactericidal qualities. All of the above mentioned chem
icals are fed by a constantly proportioning chemical feeder. The cost of the above 
treatment ranges from one to two mills per barrel of water. 

INJECTING 11ATER 
From the filtered water tank the water gravitates into the suction side of the 

triplex positive displacement pump. This pump produces the pressure used to inject 
the water into the tight, fine-grained sands. Leaving the pump the water travels thr
ough the distribution system until it reach6s each injection well. The distribution 
system consists of a main line (usually under 4" diameter) with smaller sized laterals 
(1~!I-2i1) running to the intake wells. The entire system is buried below the frost 
line. At the injection well a barrel-registering meter is used, similar to the home 
water meter. Typical water well surface connections and equipment can be seen in 
fig. 3. 

When water is started into a new injection well pressure is gradually raised for 
a few weeks before full line pressure is used. The rate of injection. may be high at 
first until partial fill-up of the reservoir is obtained. The steadi~d rate of an in
jection well will average one-half to one barrel of water per day per' foot of sand. If 
pressures are raised too rapidly at the start of injection, or are carried too high at 
any time, a condition of "break-through!! or ilpressure-partihgfl may occur. This criti
cal pressure seems to average about one pound of sand face pressure per foot of depth. 
We feel this could be caused by the lifting of layers of shale which may be above, be
low, or ~Qthin the sand formation. It may also be vertical fracture along the zones 
of joint plane weakness. If a well is shut off immediately and left idle for several 
days this may correct the IIbreak-t(lroughit. Otherwise selective plugging agents can be 
injected into the formation break to plug off the flow rate in this section. 

Over the 15 year life of an average lUlegany field waterflood an injection well 
will take about 75,000 bbls. of water. This amount of water has gone into an area of 
~ acres (330~ square in an average five-spot). If we assume that the recoverable oil 
from the average five-spot will be 7,500 bbls., there will be 10 bbls. of water injec
ted for each bbl. of oil produced. As the cost of treating and pressuring the water 
for injection will averag.e l~ cents per barrel we thus have a total water cost of 
about 15 cents for every barrel of oil produced. 

PRODUCTION OF OIL 

The production of crude oil in the Allegany field involves lifting the fluid from 
the producing sand in the well bore to the surface of the ground. This lifting is 
accomplished. either by flowing or pumping the well. Sand characteristics, time and 
economics involved determine which method shall be used in producing the oil well. 

'!'he flowing met/Dd uses the energy of the water drive to force the oil and water 
to the surface through the tubing. 

In the Allegany field primarily two different means are used in pumping wells, 
that is the individual well jack and the Oklahoma style jack pumped by a central power. 
The main difference in these two methods is that the individual well jack is a unit 
complete in itself with a motor to supply power to the jack for lifting the rods and 
bottom hole equipment. The power to the Oklahoma style jack is supplied by a cable 
or rod line from the eccentric of the central power. 
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Two different types of central powers are in use today, the gear power and the 

bandWheel pO\\'er. The gear power uses a gear and pinion powered from the engine by a 
belt to motivate the eccentric whereas the bandwheel power uses a horizontal band 
wheel powered by a belt running from the engine to motivate the eccentric. 

Generally about 25 wells are pumped .off of one central power. About four barrels 
of fluid per hour can be pumped from each well. Since this is normally more than will 
flow into the ~'ell bore it is not necessary to pump all the wells simultaneously, and 
the pumping times of the individual wells may be staggered throughout the pumping 
period. 

At the beginning of production in a 11aterflood only oil and gas are produced. .At 
peak oil production water will generally appear in the producing well. After peak oil 
production tile S3J..8 arr:ouI1t ~f fluid i3 'prcduced but the oil keeps decreasing and 
'Vlater irlcr'sasing ur:.til the water-::,il ratio becomes excessive. Nhen this condition 
8xis'ts the 2.oase b3c0J7.9s unprofi'Uabl'3 to operate and is abandoned. 

The gas 1'lhich collects in the annular space between the casing and tubing is tak
en off at the casing head of the well and piped around the lease where it is used to 
run engines &~d furnish heat. The oil and water is pumped into pipe lines generally 
of 211 diameter which connect several wells to a separator. Since there is little emul
sion in the fluids produced they can be separated by gravity at the separator as shown 
in fig. 4. From the separator the oil is piped into stock tanks and the water is run 
to waste, Gas from the separator is returned into the gas line system supplying eng
ines and heat. 

The standard stock tank in this field will hold about 140 barrels, being lOY h~gh 
with a diameter of 10? After a tank is full a gauger from the refinery measures the 
amount of oil in the tank and allows it to enter the pipe line' leading to the refinery. 
Oil ~n the stock tanks must be at a minimum of 750 F, or must be heated to that temper
ature before the gauger will run the oil out to the refinery. 

Operating costs vary depending on the size of the.lease, the terrain, the charac
teristics of the fluid produced, the depth of the oil sand and the method by which the 
oil is produced. Generally we assume that over the producing life of a lease it costs 
$1050 per barrel to pump the oil and ~1.00 per barrel to flow it. 

ECONOMICS OF WATERFLOOD OIL PRODUCTION 

The oil producer has only two basic problems. One is the acquisition of reserves. 
Since the production of oil is a "wastingll operation, the only wCJY a producer can stay 
in·business is to acquire at least as much oil as he produces. He may acquire reserves 
in several "layS. He can explore and develop primary reserves. He can purchase known 
reserves, or he can acquire reserves that can be recovered by special techniques such 
as waterflooding is practiced in the oil fields of New York. 

The other problem the producer must solve if he is to remain in business is to 
produce his oil at a profit. This requires the use of efficient development and opera
ting practices 0 

In acquiring waterflood reserves, a producer may purchase the itFee" interests, all 
of the rights to the land and minerals. He may acquire only the mineral rights plus 
the right to use the surface far the development of the minerals. He may acquire a 
lease which gives him the exclusive right to prospect for and produce minerals from a 
property. 

In acquiring fee interests or mineral rights the producer owns all the oil and gas 
he produces, but has the cost of acquisition in obtaining these rightse Where he ac-



quires 2. leaSe (working interest), the producer bears the entire cost of producing all 
of the oil and the basic mineral owner usually reserves one-eighth of the gross oil 
pc:>oduced (task royalty), saved and marketed for himself at no cost of production. 
This type of 3.cquisi tion has the advantage to the producer of requiring relatively 
small amoill1ts of initial cash, and it also reduces his riskcapitalo 

Most secondary reserves are held by producers who have produced, or are in the 
process of producing, the primary reserves. Usually there is a considerable amount of 
i!lform(.'.tio:r.. c:.vailable '\.ffiich enables the waterflood producer to more accurately evaluate 
theprupertyas a secondary prospect. This information decreases to some extent the 
risk he must take. 

ACQUISITION OF RESERVES 
The oil producer deals in calculated risks. His success or failure is determined 

by h~c accuracy in determining ..mat his risks are. If the risks are high, as in prim
ary exploration: he must have the possibility of getting his investment back several 
tirrles before he can justify a lIwildcatn well. 

He may wish to spread his risk. This he does in many ways, by selling part of his 
working interest, by selling an overriding royalty on his share of the production or 
by 2. deal with a drilling contractor ..mo '\'lill drill a well for an interest in the pro
perty, He may get IIdry-hole ti money from people ..mo have interests in nearby proper
ties and who are willing to pay some part of the well costs, if it is "dry", for a 
test in the area. These are only a few of the myriad types of deals used in. the in
d1Jstr;r tc spread the risk. 

Royalties themselves are dealt frequently. Royalties are sold by people who pre
fer a k"10wD amount of cash in hand to an indefinite amount to be produced at an inde
finj 1:,8 rate in the future. The three significant factors governing royalty values 
are the reserves attributed to the royalty, the price of the oil and the rate of pro
duction, 

The producer acqulrlng secondary reserves attempts to accurately estimate the 
nlwaer of barrels a property will produce. From this he subtracts the amount that he 
ml~st produce tJ the royalty or other interests. The balance is the production he 
",rill haVE left to generate his income. He must then estimate the price he is going 
to l'eceivb for his production. From this information he can determine ,vhat his gross 
income ,lill beo He then estimates the time it will take him to produce this income 
and the costs of developing and operating the property. 

The sum of these costs subtracted from working interest income gives him a bal
. ance 0 From this balance he must determine how much he can pay for the property, and 
. still 1e ave him a reasonable return on hi? investment for profit. 

As an example let us use the costs and figures mention~d in the foregoing pages 
and assume the present price for crude oil in the Allegany field of $4.88· per barrel • 

. It 'flill cost ~?l.OO to develop the property, 15 cents to inject the required water and 
$1.50 to pump it for every barrel produced. The royalty owner will get 61 cents for 
every bCl.rrel (1/8 royalty). If we assume 50 cents per barrel is paid to purchase 
the pre>perty, the operator will have only $1012 per barrel for a return on his invest
ment over a 15 year period. 

This is a very brief summary of the industry economics. There are hundreds of 
variations in the types of deals the producer can make. The prime considerations are 
alvrays the risk involved, the return he can expect on his investment, and the time it 
will take him to produce his income. 



EXTENT OF WATERFLOODING IN THE U. S. 49 

From the small increases in oil production which were first noticed around "leaking 
casing" or trpurposely dumped" wells in Pennsylvania about 1907, waterflooding has grown 
tc be a scientifically engineered, production practice accounting for over 5% of the 
nation 9 s 7,800,000 barrels of oil produced per day. 

From Pennsylvania the method spread to New York in 19120 Increased production from 
waterfloods was noted in Kansas as early as 1916, Illinois in 1924, North Texas in 1930 
and Oklahoma in 1931. California started waterflooding in 1946 and experimental tests 
were initiated in four fields in Michigan in 1956. 

At the present time 19 states of the 27 which produce oil have recognized waterflood 
production and in 7 of these it is of major value. Ninety percent of all the oil pro
duced in the Pennsylvania Grade oil fields of New York and Pennsylvania (including parts 
of Ohio, vvest Virginia and Kentucky) in the last 30 ye ars has been by waterflood. It 
accounts for approximately 30% of the oil presently produced in Illinois and Indiana, 
14% of Oklahoma 9s production and 13% of Kansas 9 • In Texas waterflood production is 
only 3% of the stateis total, but is the highest of any of the states at about 90,000 
barrels per day c 

ltJhere vlaterflooding is feasibile it will generally produce, as a secondary recov
ery process, as much oil as was produced by primary means. When it is initiated before 
the end of the primary recovery stage it can more than double the expected primary re
covery, i. fine example of this is the well known East Texas field from which ini tiA.lly 
the recovery was estimated to be about 40%. The field is presently producing about 
200,000 barrels per d~, and is estimated to yield an ultimate total of 6 billion bar
rels, 90% of the oil originally in place, because of water injection since 1938. 

There has accordingly been an increasing amount of application of injected water 
to the newer oil fields before they are primarily depleted, thus accomplishing a high
er efficiency of production and shortening the time required to produce it. 

It has been predicted that 25% of the countryis oil production will come from 
waterflooding by 1980.* 

~~This and other statistical data above are taken primarily from articles by lUbert E. 
Sweeney, Jr. of the Interstate Oil Compact Commission, and published in the Oil and 
Gas Journal of 3/26/56, po 73; the Petroleum Engineer of May 1956, p. B-120. l-USO 
from lISecondary Recovery of Oil in the Uo s.n (See bibliography) 




