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INTRODUCTION

This report describes the methods of development and operation and
giveg the results of controlled water injection into oil sands in Illinois.
It is the third of a -group relating to water-floocding cperations in varig
States; previous reports have covered prodects in Oklahome2/ and Kansas.g
Systematic water flocding has been in progress, in these States, for more
than 10 years. In Illinois the Tide Water Associated 0il Co, has been
injecting water into one or two wells on each of five leages 1in the Robinson

2/ Taliaferro, D, B., and Logan, David M., History of Water Flcoding of Oil
Sends in Oklahoma: Bureau oi Mines Rept. of Investigations 3728, 1943,

182 pp.
6/ Grandone, Peter, History ci Water Flocding of 011 Sands in Kansas: Bureau
of Mines Rept. of Investigations 3761, l9hh 14k po,
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field for several years; the cldest dates back to 1933, These operations
are congidered as exploratory, however, and the results obtained could not
be expected to equal those obtained from systematic developments in which
injection wells are arranged in patterns so as to ¢rive oil toward each
nroducing well from several directions. The possibility of increasing
recovery of oil from the older fields of Illinois by systematic water
flooding has been seriously considered only recently.

Many shallow fields in southegstern Illinois appear well-guited to
water flooding. Squires and Bell(/ have shown that in may places accidental
water floods (floods in which the water entered the oil-bearing formation
through leaky casing or in some similar accidental method) have resulted
in phenomenal increases in the rate of oil production. An example of the
results obtained is an accidental flood in the Kirkwood sand in Lawrence
County. According to Squires and Bell:

The Oscar Smith end T. C. Combs farms, sec, 20, T. 4 N., R.
12 W., Lawrence County, experienced an impressive accidental flood.
The flood involved three pumping wells, covered an estimated 10
acres, lagsted for 7 years on the Smith farm and 11 years on the
Combs farm, and increased normal production by 36,689 and 60,606
barrels, respectively, which is a recovery of 7,338 and 12,121
barrels per acre for the whole flcod period and 1,048 and 1,102
barrels per acre for each year the property was flooded.

Fields producing from the Casey sand in Clark and Cumberland Counties
and from the Robinson sand in Crawford County are attracting attention at
this time because oi the shallow depth of the sands. Most of the newer
fields (discovered since 1837), located principally in the south central
part of the State, are producing from-greater depths than the older fields,
therefcre water flooding in this ares probably will be more costly. Water
injection has been started, however, in the Patoka field in Marian County
and in the Clay City field in Clay County.

On July 1, 1943, no applied systematic flood in Illinois had been in
operation long enoush to permit precicting its outcome, The most outstanding
of the few projects then in operation were the two "floods" of the Forest
0il Corporeation; onc had produced oil for only 4 months and the other had
produced no oil. Although the operations are few in number they are being
watched with keen interest, Several operators are making preparations to
initiate water-floodinz projects when the economic considerations involved
in this type of undertaking promisc more financial success.

7/ Squires, Fredrick, and Bell, Alfred H., Water Flooding of Oil Sands in
Illinois: State Geol. Survey Rept. of Investigations 89, 1943, 101 pp.
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Water for Flooding

Obtaining an adequate supply of water is one of the ma’or problems
facing thce water-flood operator in Illinois., The Wabagh and Embarrass
Rivers and the North Fork oif the Embarrass flow throuvgh’the oil-producing
areas in the eastern part of the State and will providé, throughovt the
year, a supply of water adequate for water-flooding projecis along their
banks. Elsewhere in the older Illinois iields the operator of a water-
flood must look to shallow wells for fresh water or to wells completed in
the deeper-scated formations for brine as a flocding medium,. Most of the
projects in operation July 1, 1943, were using fresh water from shallow
wells; however, the .available supply from thesc wells usually wasg small.
Some operators were forced to drill a number of water wells to obtain an
adecquate supply for flooding.. ‘

Many opcratorg in Oklahoma and Kansas are using brine successfully as
a flooding medium, and this mediuvm may prove practical in many places in
Jllinois. If brine is used the treatment rcquired to condition it for
injection remains the same, whercas the treatment of river water must be
varied from time to time, depending on the quantity of suvspended matter
and salts in solution in thc water. The Felmont Corporation and Adams
0il & Gas Co. plan to use brinc in a project being developed in the Patoka
ficld in Marion County, Ill. Where available, frosh wateor takcen from
shallow wells has beoon used without chemical treatment or “iltcring, and
thore has been no evidence of the plugring of injcction wells. The mincral
analyses of watcrs used on somec of the Illinoie watcr-flooding projects
arc shown in table 1,
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TABLE 1. - Analyses of weters used for floodingﬁin Illinois

Source

S Porest 0il | Kewanee 0il Tide Water
. C. K. Cokey 0il Co.| Corporztion| & Gas Co. The Ohio 0il | Pure 0il Co. Assoc. 0il
Antonopulos "floodM "floods" "floodl Co., C. =, Clay City Co. Drake #1
flood (shallow - (shallow (shallow Siles "flood! field "flood" "£lood"
Radical, p.p.m. | (spriang) well) well) well) (spring) (river) - (shallow well)
Calcium (Ca) 72 L9 gl Lo ' 54 42 54
Magnesium. (lig) 3 oL 32 1 10 L 20
Sodium (¥a) Lo 506 43 19u 56 66 o1
Carbonate (COz) 12 36 ol ' 6
Bicarbonate (&CO3) 2ul | y21 U15 561 183 146 592
Sulfate (S0),) he 6 56 5 107 82 5
Chloride (C1) 7 6U5 25 18 25 35 177
Total solids o5 1,687 655 gus 435 381 1,089
Sp. gr. at 60° F. | 1.000 1.000 1.000 1-1,000 1.000 1.000 1.000
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DISCUSSION CF INDIVIDUAL WATER-FLQODING PROJECTS IN ILLINOIS

Felmont Corporation and Adams 0il & Gas Co..

The Felmont Corporation and Adams 0il & Gas Co. on July 1, 1943 were
developing jointly a pilot water-flooding project in sec. 21, T. 4 N., R.
1 B., 3 P. M, in the Patoka field, Marion County, Ill., to determine the
feasgibility of water flocdinz in this field., Nine new wells had been
drilled to serve as water-intake wells, and the injection of water was
started in October, 194%. The pilot project, covering 60 acres, was
developed on a five-spot pattern, with 660-foot epacing between like
wells,

The above operatorsg/ own, Jjointly, most the productive area of the
Patoke field, which covers about 700 acres, and if the pilot flood is
successful they plan to water-flood the entire field. Tentative plans
call for drilling a total of Ul water-intake wells if the project is
extended. From core analyses, recovery records, anG past experience, the
operators estimate that the production by means of weter-flooding may
approximate the quantity of oil that this field has produced to date.
From the date of discovery (1937) to Januvary 1, 1943, the field produced
2,325,000 barrels of oil,

Produvction is from the Benoist sand, which ig at an average depth of
1,420 feet and has an average thickness of 25 feet, The Tformation temper-
ature and pressure were 80 F. and %0 pounds per square inch, respectively,
at the time water injection was started. It is reported that under these
conditions of temperature and pressure the oil has an absolute viscosity
of 5.35 centipoises, The gravity of the oil is 38.6° A.P.I. at 60° I,

From study cores the sand was found to have an average porosity between
19 and 20 percent and to have an average o0il saturation ranging from 50 to
55 percent., The permeability of the sand averaged 150 millidaroys, and in
streaks it is as high as 400 millidarcys. Wells in the center of the field
have produced no water, but some wells in a town-lot area on the south end
of the field and some on the northwest edpe are producing water. '

Water for flooding will be taken from a well completed in the Tar
Springs sandstone. The water must be treated before it is injected into
the Benoist sandstone., Treatment consigts of aeration, the addition of
alum and lime, and then filtration. Therc is some cvidence that chemicals
will be required to prevent organic growth,

C. K. Antonopulos

C. K. Antonopulos started a small water-flooding project in sec., 34, T,
14 N., R. 14 W., and scc, 3, T. 13 N., R, 1k W., 24 P, M. in the Warrenton
field, Bdgar County, in January 1943, The Benoist sand, which is only 150
feet decp and ranges in thickness from 31 to 61 fect in this area, is being
flooded. Six water-intakc wells and two oil wells have bHecn drilled to
form 2 five-spot patterns, with likc wells spaced 330 fect apart, The

8/ Since this manuscript was prepared the Sohio 0il & Gas Co. has purchased
the Adams 0il & Gas Co.
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operator plans to produce the oil by flowing rather than pumping the oil-
producing wells. A map of the project is shown in figure 1.

This property was first drilled about 3i years ago, so when the water-
flood development was started the casing in the old wells was in poor con-
dition and permitted considerable quantities of surface water to enter the
wells. The 4O-acre lease on which the flood is located has produced about
39,000 barrels of oil, "Both o0il and water wells were completed alike, as
the operator.plans to flow the production from the oil wells. All wells
were drilled through the sand, and each was shot with 25 quarts of nitro-
glycerin, A string of l—-lnch tubing was set on the top of the sand with
a packer and cemented in place with 10 to 14 sacks of cement mixed with
sand in a ratio of about 3:1., It is estimated that there is about 70 feet
of cement above the packer. All casing used while the wells were drilled
was removed after the tubing had been cemented.

Figure 2 shows the analysis of a ccre of the oil sand from a well
drilled on the property. It will be noted that the porosity of the sand
averages about 20 percent and that its permeability varies widely, ranging
from O to $O millidarcys.

Water for flooding is obtained from springs on the lease and is injected
without chemical treatment or filtration. Two fresh-water wells (84 feet
deep) have been drilled to serve as a standby water supply. A mineral analy-
sis of the flood water is shown in table 1. Water injection was started
January 17, 1943, and on Febrvary 1, 19&5, the injection pressure at the
wellhead was 60 pounds per square 1nch Since that date the pressure has
been increased steadily to 210 pounds per square inch on July 1, 1943,

On that date the volume of water that had been injected into the six
individual wells ranged from 912 to 6,911 barrels per well; the total volume
1nJected was 13,200 bvarrels, On that date the fluid level in the oil wells
was 59 feet below the surface and rising steadily. The operator expected
them to begin flowing in the near future.

Cokey 0il Co.

The Cokey 0il Co, is developing a small water-flooding project on its
R. O. and L., Cochonour farms in sec., 25, T, 10 N,, R. 10 E., 24 P. M.,
Crawford County. The project is being started with two newly drilled oil
wellg, three newly drilled water-intake wells, and one old oil well converted
to a water-intake well. The four water-intake wells, located approximately
in a rectangle 400 feet long in a north-south direction and 330 feet in
an east-west direction. One oil well is in the center of the rectangle and
the other is about 40O feet north of it.

Production is obtained from the Siggins sand ‘which is about 30 feet
thick and found at a depth of 630 feet. An analy31s of the core of sand
from one of. the wells is shown in figure .. The average po*ﬂosa ty of the core
from this well was about 20 percent and the average normeablllty 419 milli-
darcys. The measured temperature of the producing horizon was 68° F. No
sample of freshly produced oil was availablec for analysis at the time the
writers visited the property.

160 -7 -



R.I. 377

Both 0il and water wells were complieted without shooting. The water-
intake wells are equipped with 2-inch tubing. set at the top of the sand
with a burlep packer, and enough cement was placed above the packer to
fill the annular space for about 4O feet, The oil wells are cased and
will be puvmped through 2-inch tubing.

Water for flooding is obtained from a fresh-water well about l% miles
gsouth of the project. The water will be injected, without treatment, by
a triplex prmp installed at the water-well location, On May 28, 1943,
injection of water by gravity was started into the converted oil well. About
1,200 barrels of water had been admitted tc this well te July 1, 1943. The
other intake wells were ready for service at this date, and it was expected
that the injection of water .under pressure into all four wells would be
started in the near future. The oil wells had not been pumped since water
injection was begun, and the operator planned to postpone operating them
until enough water to "bank" the oil around the producing wells had been
injected.

Forest 0il Corporation

Flood No, 1. - The Forest 0il Corporation No. 1 flood, covering 40 acres,
is in the Westfield pool in Clark County and in the center of the SW%.sec;
21, T. 11 N., R, 14 W,, 2d P, M. It hag as its objective the recovery of
0ll by water-rlooding the Upper Casey sand,; which is at an average depth of
300 feet and ranges in thickness from 30 to 50 feet. The project is being
developed on a five-spot pattern, with like wells spaced 660 feet. Nine
water-intake wells and four oil-producing wells, makinz up 4 five-spot
patterns, were drilled during the summer of 1042 and the injection of water
was started on August 10, 1942, The oil wells, although drilled at the
same time as the input wells, were cappned, A map of the project showing
the locations of the water-intake and oil-producing wells is shown in
figure k.

The intake wells were shot with an aversge of 21 quarts of nitroglycerin
each. Usually the wells were not cased (except abouyt 20 Teet of 8-inch
surface pipe), ‘but in a few holes which caved badly, about 100 feet of 6&-
inch casing were used. They are equipped with a string of l%-inch, cement-
lined tubing set on top of thc .sand and cemented in place with 10 sacks of
cement. The oil wells werc completed in the same manncr and equipped to
produce by flowing.

A shallow, fresh-water well about 6 miles from this project furnishes
enough water for both Forest Cil Corporation flooding projects. The water
is of excellent quality. and requires no chemical treatment or filtration.
Sand filters, installed and used for a few months; were found to be unneces-
sary and were removed., A mineral ansalysis of the water is shown in table 1.
The injection pressure at the surface was maintained at about 100 pounds per
square inch until November 30, 1942, when a booster pump was installed and
the injection pressure was increascd. On July 1, 1943, the injection
pregsure was 295 pounds per square inch,

160 -8 -
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The sand thickness ranges from 30 to 50 feet, and the average perme-
ability is about 100 millidarcys. The permeability, however, varies widely -
from only a few millidarcys to more than 500 millidarcys, so that it is
possible that channellng will occur in the more permeable strata and that
much of the sand will not be flooded effectively., The profiles of the
permeability and oil content, as determined from a representative core
from this project, are shown in figure 5.

A sample of the oil produced from this property was not available for
analysis but is believed to be similar to that produced on nearby flood
No. 2. The temperature of the Upper Casey sand was found to be 60° F, at
a depth of 320 feet in the Siggins field and at this temperature the oil
produced on the No. 2 flood had a viscosity of 8.8 centipoises and a
gravity of 36.6° A.P.I.

From date of first water injection to July 1, 1943, 235,860 barrels
of water had been injected into the nine intake wellg, The volumes of water
injected each month are shown in the following Summary of Operations.

uummary of oneraticns
Foregt 0il Corporation water-flooding progect 1
Clark County, Ill.

Well pattern 5-gpot 660' x 660' Location (sec. 21, T, 11 N.,
- : . (R. 14 W., 24 P.M.

First injection Avg. 10, 1942 Sand flooded Casey

First oil increase Delayed flood Top of sand 300 ft.

Date discontinued  Active Sand thickness 30 to 50 ft.

Formation temp. 60°F 1/ Gravity of oil 36.6°A.P.I. (600{60o

Viscosity of oil at 60°F, - 8.8 centipoises.l/'

Cumlative Cumlative
Acres Injection| 0il oil production, water:oil
Date flooded wells wells bbl. per acre ratio
Jan. 1, 1943 40 9 L. Not produced to July 1, 1943
July 1, 1943 Lo 9 4 :

'Monthly record of water injected and oil produced

1942 B 1943
Water . 0il ' Water 0il
injected, produced, injected, produced
bbl. bbl. ‘bbl. bbl,
January L 28,816
February : 24,073
March 26,568
April 25,565
May 28,035
June

~1/ Formation temperature and crude 011 sample oBtalned in Siggins
pool (flood No. 2). See text.
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Monthly record of water injected and oil produced (Cont'd)

19L2 <l 1943
‘Water 0il Water 0il
injected, produced, ‘injected, produced,
bbl, bbl. . bbl. bhl,

July

Avgust 21,550

September 22,497

October 21, 68“

November 9,956

December 27,115

Tetal 102,802 Nil ' 133,058 il

Cumuiative water injected to Jul y 1, lohﬁ - 235,600 bbl,
Cumulative oll preduced to July 1, ldu) - bl

O

Flood No, 2. - The Forest 0il Corporation No. 2 "flood" is in the
ulg31n field in Cumberland Ccunty and covers 40 acres, comprising the
NW~ NEM sec, 13, T, 10 N., R. 11 E., 3d P, M, The oil-producing horizon
is the Upper Casey sand, at an average depth of 290 feet and an average
thickness of 30 feet. The temperature of the producing horizon, measured
at a depth of 320 feet in a test well, was found to be 50° F. At this
temperature the oil produced has a viscosity of 8.8 centipoises and a
_gravity of 36.60 A,P.I.

This project has been developed on a {ive-spot pattern, with like
wells spaced 330 feet, so there are 25 water-intak ce welle and 16 oil-
rroducing wells on tne 4O-acre tlock. If the project is expanded the
managemnent has indicated that the new development probably will be on a
gimilar pattern with a spacing of LLO feet between like wells. Figure L
includes a map of the development to July 1, 1643, showinz the locations
of all wells. The injection of water into all intake wells was started
on June 20, 1942, 01l wells were Grilled at the same time as the input
wells but were capped until March 2, 1943, when about 375,000 barrels of
water had been injected into the sand. The injection pressvre is con-
“trelled by velves at each wellhead, so that the rate of advance of water
through the sand from the various injection wells will not vary widely.
The average, controlled injection pregsure has becn varied irom 13C to
400 pounds per square inch. All oill wells are flowed; thereby the cost
of rods, pumping jacks, powers and other equinment and enecrgy chargeablc
to the cost of 1lifting the o0il has been eliminated.

Both the oil-producing wells and water-intalke wells weore shot with
an average of 20 quarts of n1tro~lvcer1n eacnh and werc completed without
casing. All wells were equipped with l—~1nvn cement-lined tubinz and a
packer set at the top of the sand and cemented in place with about 10 sacks
of cement.

The average permeability of the Upper Casey sand is about 75 milli-
darcys on this project, and core analyses indicate that the sand contains
about 700 barrels -of oil per acre-foot, of which about 275 or 300 barrels
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are estimated by laboratory tests to be recoverable, Figure 6 shows a
graph of the permeability and oil content determined on a typical core
from this property.

When the production of oil from the project was started, it was pre-
sumed that the oil had been "banked" in the center of the five-spot patterns
by the water injected during the preceding 8%-month period (375,000 barrels)
and that the wells would flow a large amount of oil before water would appear.
Most of. the wells, however, produced large quantities of water from the
date they were [irst opened and much less oil than was expected,

The large quantities of water and relatively small quantities of oil
produced were originally ascribed tc the possible presence of "md veins"
or soft streaks in the formation. It is reported that some success in
reducing channeling has been attained in Oklahoma by the injection of
aguagel and fibrotex, Numerous injection wellg on this project were treated
by injecting agquagel alone, or aquegel and fibrotex together, under high
pressure, and then washing the excess material out of the hole, Temporary
plugging of channels was sometimes attained., No permanent good effects
resulted, however, ‘and in some instances the channeling was increased,
Three test wells were drilled on the project to determine the location of
the channeling, but these wells were not cored and no useful information was
obtained.

A careful study of water-input histories was made in the fall of 1943,
and input-decline curves of many wells indicated that the channeling began
when, upon completion of the pressure plant, the pressure was raised to
over 300 pounds per square inch. Sevoral wells were tested by determingin
the water-input rate at soveral pressures. Thesec tests revealed that wells
that probably had not channeled proviously showed a sharp increase in in-
jectivity index (barrels of water injected per day por pound per square
inch differential) at 375 pounds per square inch, indicating that a rupture
in the formation occurred at the pressure. The input-decline curves showed
that rupture took place at a somewhat lower pressure carly in the life of
the "flood", possibly as low as 275 pounds per squarc inch, After the tcst
the excessive input rate did not recede to its former value, showing that
the rupture was permanent.

Tests with fluorescein dye tracer showed that the watcr passcd from one
input well to a producer in less than 24 hours. Electrical conductivity
tests on an untubed test well showed that the wator was channeling ncar the
top of the sand and could be sealed off by a packer. The company now
Pbelieves that the channeling was principally caused by eoxcessive initial
prossures,

It will probably be impossible to rcomedy the situation in this develop-
ment, for the following rcasons. All of the wells are tubed with cement
packers, so remcdial work on the wells is impossible., The producing wells
were open to thc sand but capped at the surface, so that the channeled
water doubtleoss entered the sand in the vicinity of the producing wells,
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geriously injuring their productivity.

The old wellg were pluzged with

permeable gravel at the bottem of the hole, so that water probably entered
the sand surrounding them,

The {'ailure of this project to yield results expected can be ascribed
principally to the operators' unfamiliarity with local conditions and does
not necegsarily condemn the water-flooding method for uee in this pool.

To July 1, 1943, 5,021 barrels of oil had been recovered from the
project by the injection of 480,812 barrels of water, a ratio of 1 barrel

of oill produced to 95.8 varrels of water injected.
June 1943 the ratio of water injected to oil produced was 21.3.
produced by flooding amounted to 126 barrels per acre.

During the month of

The oil

The volumes of

0il produced and water injected each month are shown in the following
Summary of Operations,

Forest 0il Corporaticn water-flooding project 2

Surmmary of operations

Well pattern

First injection

Cumperland County, Iil.

5-gpot 330' x 33%0' Locaticn

June 20, 19kp
9

First oil increase March 2, 1943
Date discontinued Active

Formation temp.

Viscosity of oil at 60°F,

60°F

Sand flooded
“Top of sard

Sec, 13, T, 10 N., R, 11 E.

5d P, M,
Casey .
290 ft.

"Sand thickness 30 to 50 ft,
Gravity of oil 36.6CA.P,I. (60°F.)

- 8.8 centipoises

: Cumulative Cumilative
Acres Injection | 0il oll production, water:oil
Date flooded wellg wells bbl., per acre ratio
Jan. 1, 1943 40 .25 16
July 1, 1943 Lo 25 16 126 95.8
Monthly record of water injected and oil produced
1942 _ 19%%
Water 0il Water - 01l
injected, produced, inge-ted, produced,
obl. bel. bbl. bbl.

Janvary b5, 375
February 28,10k
March 38,711 11
Lpril 36,711 1,060
May 36,211 1,562
June 10,574 - 33,865 1,588
July 27,487
August 35,830
September L3, 451
October Ll 062,
November 51,139
December 49,292 ,
Total 261,835 0 218,977 5,021

Curmilative oil production to July 1, 19k3 -

5,021 bbl.

Cumulative water injected to July 1, 1943 - 480,812 bbl.

160
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Kewanee 0il & Gas Co.

The Kewanee Oil & Gas Co. started:the injection of water by gravity
into the Baldwin No, 5 well in the Robinson field, Crawford County, sec.
17, T. 7 N., R. 14 W, 24 P, M., on March 24, 1943, The well formerly was
ugsed as an air-input well, but as no beneficial results were obtained from
the injection of alr it was converted to a water-input well.

The well was completed in the Robinson sand, which occurs here in two
lenses, one at a depth of 927 to 937 feet and the other at a depth of 958
to 966 feet. This well, penetrating both sands, has a total depth of 977
feet, and both sand sections have been shot with nitroglycerin., The casing
in the well is not cemented, and the tubing was removed before water injection
was started.

Water for flooding is obtained from a shallow, fresh-water well but
the supply is small, As no adequate, cheap water supply is available the
operator is planning no further water-flooding development. A mineral
analysis of the waler being used is shown in table 1.

The quantity of water that the input well has taken by gravity has
been small and has had no effect on the oil production., It is estimated
that about 30 barrels of water a day entered the well to May U, 1943, and
from that date to July 1, 1943, the volume has approximated 10 barrels daily.
The total volume of water to enter the well to July 1, 1943, is approximately
1,800 barrels.

Niagara 0il Corporation

The Niagara 0il Corporation has been introducing water into the Robinson
sand on the P. Dennis Heirs lease in secs. 29 and 30, T. 7 N., R. 13 W,,
Crawford County, since July 1936, The lease was developed in 1906, and for
several years before the injection of water, air was injected into a few wells.
Production is from what is known locally as the 800- to 1,000-foot Robinson
zone, and the productive sand section ranges in thickness from 20 to LO feet.
Water is being introduced into the P. Dennis Heirs No., 2 and No. 23 wells
(see fig. 7). The No. 2 well was completed November 26, 1906. The oil
sand was found at a depth of 827 to 94k feet, and the well was completed
by shooting with 140 quarts of nitroglycerin. Six and one-quarter-inch
casing was set with a packer at a depth of 796 feet. Well No. 23 was com-
pleted March 11, 1909, the oil sand being logged at a depth of 865 to 953
feet, This well was shot with 170 quarts of nitroglycerin, and 6%-inch
casing was set with a packer at a depth of 780 feet, Water was introduced
into well No. 23 beginning about 1932, and in 1936 it was converted to an
air-injection well until approximately 1939, when the well was reconverted
to a water-injection well. Since then the quantity of water injected nas
been metered, but due to incomplete knowledge of recompletion data there
is some doubt that water is entering the pay sand. Water was introduced
into well No. 2 about 1941, but no records were kept.
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Water for flooding is cbtained form four shallow fresh-water wells on
the P. Dennis Heirs lease and two on the adjacent E. F. Frazier lease. These
wells are completed in a shallow sand at depths ranging from 60 to.80 feet,
knewn locally as "quicksand.” Three of these wells were.completed with
6%-inch casing anc three with 10-inch casing. They are pumped by means of
a central power, as are all the oll-producing wellsg., Water for injection
into well Ne. 2 1s pumped into a 250-barrel elevated tank, where suspended
matter settles out. The water Irom the tank enters the well without chemical
treatment or filtration. Although the caging fills with water (there is no
tubing in this well) the only edditional pressure that can be applied at the
wellhead by the system is that due to the elevation of the tank, Water for
injection into well No, 2% is produced into a pit, where it is picked up by
a small pump and injected intc the well., This well has never filled with
water at any injection rate used to July 1, 1943,

The available records on this project are incomplete, and as.the oil
from many wells that are uvnaffected by the injection of water is pumped into
the game tank with oll from the affected wells, the data available do not
vermit {rawing any conclusions regarding the benefits cbtained by flooding.
No records of the oil produced before August 1940 are available. An increase
in the rate of oil production from P, Dennis Heirs No. 1 and from E, F,
Frazier wells Nos., 1, 2, and 7 has been reported.

The Ohio 0il Co.

C. B, Siler Flood

Late in 1942, The Chio 0il Co. was about to abandon an old well on its
C. E. Siler A/C 2 leasec in the Robinson field, sec. 5, T. 5 N., R. 12 W.,
2d P. M,, Crawford County, Ill, As a supply of good water was available
from a nearby spring and could be injected into the well at little or no
expense, the engineer in charge decided to see if water injection would
have any beneficial effect on the rate of cil production, before plugging
the well, The rods and tubing were removed from the well, and the water
without being treated or filtered was allowed to flow into the well by
gravity.

By the time 1,000 barrels of water had entered the well, the nearest
offset well had shown a material ‘increase in its rate of production, and
within a few months the rate of production of wells on The Ohio 0il Co.

G. H, Allison lease and the Kewanee 0il & Gas Co. W. H.-Allison lease had
increased also (seec fig. &). When the injection of water was started in
September 1942 and threc leascs wore producing an average of ‘9,14 barrels

of 0il daily. In April 1943 the averase daily production of the three lcases
reached a peak of 22,28 barrels, and in June 1943 their average daily pro-
duction was 21.1k barrcls., The wells on these leases had not produced water
previously, and water was Just beginning to appcar in some of the wells on
July 1, 1943, at which date 13,972 barrcls of water had been injected. Water
injection was continuing at thc rate of 80 barrels of water daily. The
following Summary of Operations shows the volume of o0il produced by each

of the three leases affected and the volume of water injected each month

that the project has bcen in operation.
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The production is from the Robinson sand which, in the water-input well,
is found at a depth of 908 feet -and is 35 feet thick., The input well vas
completed with 875 feet of 6i-inch casing (net cemented). The operator
believes that it was shot rather heavily, although no record of the size
of the shot is available., The temperature of the Robinson sand was measured
in the well that offsets the intake well on the north and found to be 84O F,
At that temperature the oil produced has a viscosity of 6.6 centipoises and
a gravity of 34° A,P.I., A mineral dnalysis of the water injected is shown
in table 1,

As an increase of more than 2,000 barrels of oil has been obtained in
the past few months from this simple, inexpensive project, it appears that
a gystematic water-flooding development in this locality would be profitable.
It suggests also the possibility of profitable water-flooding operations in
other parts of the rather extensive area underlain by productive sand. The
ratio of water injected to oil increase by water flooding is only 10.2:1.0.

Summary of operations
The Ohio Oil Co., C. E, Siler water-flooding project
Crawford County, T11.

Well pattern Irregular Location Sec. 5, T. 5 N., R, 12 W,
First injection Sept. 21, 1942 Sand flooded Robinson
First oil increase Dec. 1942 (2?) Top of sand 908 ft.
Date discontinved Active Sand thickness 35 ft.
Cumulative Cumulative
Acres Injection 0il oil production,| water:oil
Date flooded wells - wells ‘bbl. per acre ratio
Jan. 1, 1943 10 1 5 '
July 1, 1943 10 1 5
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Monthly record of water injected, oil produced and
increased oil production due to flocding

Water C. E. Siler Afc 2 W. H. Allison G. H, Allison
1942 linjected| Production Increase}/ Production Inorease}/ Production Increasa}/
Sept. ) 150 ! : N
Oct. ) 1,200 155 i 1502/
Nov. | 2,512 150 2142/
Dec. | 3,773 155, - 186 2L - o 212 156
Total | 7,485 610 0 186 12k 6LO 156
1943
Jan. | 3,269 217 62 186 124 212 156
Feb., | 3,219 | 200 66 182 126 196 130
March | 2,897 221 66 217 ¢ 155 217 151
April | 2,072 240 90 214 | 15h 214 150
May 2,753, 248 93 212 ;150 212 ' 155
June 2,431 | 240 L 90 180 1 120 21 150
Total 16,641 1,366 boLeT 1 1,11 | 829 1,265 892
Cumulative oil production to July 1, 1943 - 5,258 bbl.
Cumulative oil increase to July 1, 1943 - 2,368 bbl.

Cumulative water injected to July 1, 1943 - 24,125 bbl.

;/ These figures obtained by extrapolating the production decline curve for the
lease before water injection was started, reading. the indicated production
and subtracting this figure from the actual production.

2/ Estimated

Hendricks-McFadden Flood

The Ohio 0il Co., on July 1, 1943, was developing a 4O-acre water-
flooding project in the East Plymouth pool, McDonough County, in the center
of N3 sec, 15, T. 4 N., R. 4 W., 4th P, M, This property was first drilled
during 1914 and 1915, was produccd normally to 1926, and was subjected to
vacuum Trom 1926 to 1935. Gas injection was started in 1935 and was continued
until recently. To date the two leases involved in the project have produced
between 1,400 and 1,500 barrels of cil an acre or about 110 barrels of oil
per acre-foot of sand. At the time water flooding was startcd the Hendricks
lease (160 acres) was producing about 7 barrels of oil daily and the McFadden
lease (160 acres) was producing about 55 barrels daily.

The water-flocding development is on a five-spot well pattern, with
like wells spaced L4O fecl apart, so thore are 16 water-intake wells and 9
0il wells on the 40-acre block. (Sce map, fig. 8.) The oil wells are old,
but new wells have been drilled for the water injection., The development
was completed in June 1943, and the injection of water was started on June 29,

Production is from the Hoing sand, which occurs at a depth of approxi-
mately 485 feet and is about 14 feet thick, with no shalc breaks in it. The
sand is much more permeable than most gands that are being water-flooded
successfully in Pennsylvania and the Mid-Continent areas; permeability probably
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will average nearly 1 darcy. The success obtained in flooding this type
of sand will be of interest. Figure 9 shows the porosity, permeability,
and oil content of one of the cores taken on this project. While the
core was cut, oil was used as a drilling fluid to avert contamination,

The temperature of the Hoing sand, measured on the McFadden leage, was
68° F, At this temperature the oil produced has a viscosity of 8.6 centi-
poises and a gravity of 36.6° A.P.I. Water for flooding will be obtained
from shallow fresh-water wells on the leases,

Pure 0il Co,

The Pure 0il Co. is conducting a water-flooding experiment in the
Clay City field in Clay County, I1l,., that is unusual in that it is the
first project in the State, and one of a few in the Nation, in which a
limestone resgervoir ig being water-flooded, Natural water drives common
to many limestone reservoirs furnish all the energy needed to produce the
0il, but in the Clay City field only small vclumes of water are produced
with the oil, therefore the operator is experimenting with the injection
of large volumes of fresh water into a few flank wells.

The Clay City field was discovered in 1937, and its development con-
tinued through 1938 and the first half of 1939. Production is from a
porous zone of Fredonia limestone, Although the limestone is 50 to 100
feet thick, the section from which oil is produced usually ranges from 6
to 12 feet in thickness. The zone of porosity is known generally as the
"McClosky limestone.” The cil-productive section has not been electrically
logged in most wells, but the section of greatest uplift appears to run
through the field from northeast to southwest and to occur at an average
depth of 5,000 feet,

Satisfactory cores of . the oil-productive section of the limestone could
not be obtained so no core-analysis data are available. Most of the wells
flowed naturally at first but were soon put on the pump., Many of the best
wells have produced more than 100,000 barrels of oil -each,'and a few have
produced over 200,000 barrels of oil. The well spacing throughout most
of the field is one well to 20 acres, as is shown by the map in figure 10.

The reservoir temperature is 95© F., and at this temperature the stock-
tank oil has a. viscosity of 4 centipoises. The gravity of the oil produced
is 390 A,P.I. at 60° F., On July 1, 1942, the gas:o0il ratio for most of the
wells in the field was estimated to be between 1,000 and 1,500 cubic feet
per barrel. Very. little water has been produced.

The wells were completed with 5%-inch casing run to the top of the
McClosky and cemented. Usually about 225 feet or 8-5/8- or 9-5/8-inch
casing is run as a surface string. None of the wells were shot, but each
was treated with 5,000 gallons of acid. The wells are pumped through 2-
inch tubing, usually by large central powers serving several leases, however,
a few wells have individuval pumping units.
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The Pure 0il Co. owns most of the field, and in the fall of 1942 the
company management decicded to experiment with the injection of water into
wells on the flanks of the field to augment the ratural production., Three
wells on the west flank of the field (Clay City Panking Cc. A No. 8, A. G.
Stanford No. %, and C. D, Duff A No. 5), ag shown on the map in figure 10,
were selected to serve as water-intake wells. Water injection was started

into Clay City Banking Co. A well No. 8 on Septeubsr 10, 1942, and during
the period to July 1, 1943, a totael of 393,358 barrels of water had been
injected into this vell, at an average rate of about 1,400 barrels a day.
Injection into the C. D. Duff A well No, 3 was started September 30, 1942,
and to July 1, 1943, a total of 275,266 barrels of water had been injectéd,
at an average rate of about 1,000 barrels daily. Injection of water into
the A. G, Stanford No. I well started on October 16, 1942, and to July 1,
1943, a total of 225, 776 barrels of water had entered this well, or at

an average rate of about 900 barrels daily.

The Little Wabash River flows along the edze of the field and serves
as a source for "flood" water. The river water is pumped into a settling
pond and from there is pumped to the injection wells, where it passes
through a tubular carborundum filter and then enters the well by gravity.
The water is given no chemical treatment and probably is turbid when it
enters the injection wells, as the river water contains large amounts of
guspended matter during wet weather. It is believed that the filters alone
are inacequate for the large volumes of river water passad through them,
The pumper in charge of one of the injection wells revorted that the filter
on that well had been back-washed only twice during a 60-day period. This
has had no aprarent injurious effect on the wells, as they continue to take
water by gravity.

The movement of the water front from the intake wells has been very
erratic, as might be expected in a limestone reservoir. Complete records
of the water produced by the wells surrouncing the 1nvake wells are not
available. Semples of the water produced from several of the wells were
taken on June 12, 1943, and analyzed., The chloride-ion concentration in
these samples, in parts per million, is shown on the map in fisurc 10 by
small figures in parentheses next to the wells from which the samples were
taken. As the interstitial water contains about £5,000 parte per million
of' chloride and fresh water is being injected, the approximate movement of
the injected water is indicated by the reduction in the chloride ccncentration
of the water produced with the oil., 'The erratic movement of the water is
best-shown by the chloride saturation of the samples of water taken from the
wells surrovnding the injection well on the Clay City Banking Co. A lease.
One of ths first wells on this lcase to be affected by the injecction of
water was the No. 11 well, althovgh several other wells are closcer to the
water-injection well., The monthly oil production from the No. 11 well in-
creased from 299 barrels during December 1942 to 1,498 barrels during the
following month, but by the end of February 1943 Lho well was producing only
water. The rhlorlde content of water from the No, 11 well after oil pro-
duction had ceased was found to be G,MOO p.p.m,, whercas thc chloride content
of water produced from Clay City Banking Co., 1, 3, and 9 wells and from
Holmes Consolidated 3 well (all of which arec closer to, or the same distance
from the injection well) had not varicd appreciably from the chloride content
of the connate water,
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Table 2 shows the monthly oil production for each of the wells that
have shown an increase in oil production as a result of water injection.
The table covers the period from July 1, 1942, to July 1, 1943, and the
total production of each well before July 1, 1942, as well. It will be
noted that some of the wells affected showed a repld increase in the rate
of oil production, and after a peak was reached the decline in the rate
of production was rapid. FEach injection well hag affected one or two
producing wells in its vicinity in this manner. Other affected wells
have shown a more gradual increase in the rate of oil production, and -
although insufficient time has elapsed to obtain conclusive evidence - it
is believed the increased rate of production will be sustained over a
longer period,

As many of the wells affected had not reached their peak production
to July 1, 1943, it is difficult to predict the success of the project.
Figure 11 shows the composite monthly production of all of the wells sur-
rounding each of the intake wells for 3 years before July 1, 1943. From
these production-decline curves the increased production resulting from
water injection has been estimated. It is estimated that 7,400 barrels of
additional oil have been recovered to July 1, 1943, by the injection of
water into the Clay City Banking Co. A No, 8 well and that this 1s equiva-
lent to the production that wouvld have been obtained from the well for the
next 5 monthg, or to December 1, 1943, by primarymethods. .During June 1943
these wells produced 1, 982 barrels, ané it is estimated that without the
effect of water injection, they would be producing at the rate of 1;480
barrels monthly on December 1, 19L3,

Similarly, it is estimated that the wells surrounding the C., D. Duff
injection well had produced 9,000 barrels more oil to July 1, 1943, than
would have been obtained by primary production. This is equivalent to
the production that would have been obtained for 8 months following July 1,
1943, or to March 1, 19Lk, without water injection., During June 1943 these
wells produced 2,997 barrels of oil, whereas the normal decline curve
indicates that they would be producing at the rate of 1,100 barrels per
month on March 1, 194k,

The injection of water into the A, G. Stanford Na. 4 well has had less
effect on the surrounding wells, measured in barrels of oil, but the per-
centage increase in the rate of oil production is outstanding. The esti-
mated increased recovery as a result of water injected to July 1, 1943,
amounted to only 6,600 barrels of oil, but this is equal to the production
that would have been obtained for 19 months following this date or to
February 1, 1945. This group of wells produced 731 barrels of oil during
June 1943, whereas their estimated rate of production would.have declined
to 300 barreis  per month by February 1, 1945,

160 - 19 -



R.I. 3778 TABLE 2, - (il produced by wells affected by water injection in the Clay City field

To July July August  September October November December January February March April ¥ June
Foll w2 k2 192 942 1942 agh2 19k2 93 1943 agk3  igh3 LS\_K} 1903
Iato Clay City Daaking o A Hor 8 011 productien, bhi.
Clay City Banking Co. A No. 8 ay,026 181 170 88 Converted to water-injsction well September 19, 1542 )
Clay City Banking Co. A Fo. 1 107,112 136 47 U8 129 3L 197 258 258 315 281 303 259 :'
Clay City Banking Co. A No. 5 79,060 175 180 173 -° 178 183 238 354 933 1,321 1,000 '1,b61 887
Clay City Banking Co. A No: 7 95,213 179 © 189 180 187 151 630 - 16&9 s1 239 126 .07 : 107
Clay City Banking Co. A No. 11 a,4,176 397 397 389 349 299 39 1,le8 oL TWent to water. ot operated after Feb.
Clay City Banking Co. 4 No. 12 55,982 34 339 1 223 223 239 238 303 W1 L3 339 363
Holmes Comsoclidated No. L4 o 68,070 361 298 310 328 3u7 356 432 36 k27 379 Loo - 366 .
Total for Group . 573,939 1,713 1,720 L6 L3k LT 2,209, WLl 3,193 2,73 218 2,216 1,98
";3'0:’;?;::‘]’: :‘3';““ of water 011 produoﬁon,"bﬁl‘.
Ce Do Duff A No. 3 4,611 59 66 ’ 65 Converted to water-injeotion well September 29, 1942 »
C. D. Duff A o. 1 6,595 105 93 nh, o 10 a2 ne 1 e M 1 5B
Co Do Duff A Ko, 2 91,22, 9L 98 116 124 120 12, . 17 108 151 170 a6y 180
Geo. L. Travis No. 1 .. 205,339 20 ' 188 160 172 172 160 19 162 133 159 ‘152 194
Geo. L. Travis Fo. 2 , 56,536 w9 125 120 18 116 119 1ns 108 103 1n3 105 159
Geo. L. Travie ¥o. 3 51,518 240 190 179 172 172 156 19 161 137 159 163 196
Geo. L. Travis Fo. 4 12,013 120 12l 120 ns s 19 121 106 0, 10 106 158
Zoa Mosely No. 1 66,557 152 157 us 15 iso . 1:1 121 3 w8 305 37
Zoa Mosely No. 2 ‘ 9,726 T2 ' 60 15 L8 32 18 L3 I 215 212 23 L31
Bunyan Travis Fo. 3 118,529 213 217 208 216 203 206 310 661 2 26 329 39
Bunyan Travis No. 4 Th.25L 18, 186 178 187 176 76 1,502 2,499 502 162 199 339
Total for Group 9h,9k2 1,628 1,504 LU LWL 1,379 1,272 2,836 L3 2,613 1,89, LT 2,997
Tato A G, eantora Noo b T 041 produotien, Bb1.
A. G, Stanford No. L 3h,9k1 9 87 85 50 Converted to water-injeotion well Octobsi 16, 1942
A. 6. Stanford No. 2 78,831 76 6 % 6 60 6 2,59 1,765 100 204 2 9%
A. G. Stanford ¥o. 3 11,378 % . 8 & & 30 3 & AW WL m we s
Jo B Eolsan No, 3 54,545 mu 185 179 LA 177 208 228 215 2 220 28 26
J. H. Holuan No. 4 19,02 152 150 150 153 150 172 187 187 a1l 5:,'{:- 183 190
R. C. Hubble No. 1 11,170 62 &2 60 £ 3l . & 177 338 97 n 3%
B. C. Hubble Eo. 2 7.813 & 2 $0 62 34 25 57 n e 51 2] 27
Total for Group 248,090 4 £33 684 432 Les i o B0 ik w13 Giis
160 - 20 -
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Tide Water Associated 0il Co.

The Tide Water Asscciated 0il Co. is injecting water into one or two
wells on each of five different leases, all in-the Robinson field. 'All of
the leases are producing from the Robinson sand in Crawford and Lawrence
Counties., The first of these operations was started in 19%% and the most
recent in May 1941, Figure 12 shows a map of these leases, with the
location of all oil-producing wells and water-intake wells indicated. The
projects have been inexpensive, as old oil wells have been converted to
water-intake wells in every case and fresh water from shallow wells or salt
water produced with the oil has been injected without chemical treatment.

The old wells were shot and usually are completed with 6%—inch casing
set on or near the top of the sand and are pumped through 2-inch tubing.
When they are converted to water-intake welds, the rods and tubing are re-
moved and a string of 2-inch tubing, with a 2- to 3- or k-inch swage nipple
on the lower end, is rerun to the top of the sand, Several feet of gravel

is placed on top of the swage nipple, and the gravel is covered with a cap
of cement.

The mineral analyses of the waters used for flooding are shown in
table 1,

Table 3 shows monthly figures for the volumes of water injected into
each well, the total volume of water injected on each lease, and the volume
of o0il produced by each lease. The production frem the wells immediately
surrounding the water-intake wells was not measured separately; and, as
there were only one or two water-intake wells on each lease (varied in size
from 70 to 350 acres), the effect of water injection on the rate of oil
production from the lease as a whole was not always pronounced; it is
evident, however, that the water has had some beneficial effects,

Information regarding the individual projects follows:

Drake No. 2, - This lease, which includes 70 acres with seven oil wells
and one water-intake well, is in sec. 12, T. 7 N., R, 14 W. The lease was
drilled in 1908, and the Robinscn sand was found in the well being used as
a water-intake well, at a depth of 932 feet. The sand is 15 feet thick.
Water injection was started in August 1933, when the lease was producing
only 1.75 barrels of oil daily. An increase in the rate of o0il production
was evident 3 months after water injection was started, and about 2-years. ¢
later (October 1935) production reached a pecak of 7.04 barrels daily. On
July 1, 1943, the average rate of oil production had declined to about 3.0
barrels daily. A total of 218,685 barrcls of watcr had been injected into
the one well to July 1, 1943, and the lease had produced 17,322 barrels of
0il during this period, The o0il reccovered from the time of the first
development to July 1, 1943, amounted to about 1,200 barrels per acre.

160 - 21 -






R.1. 3778 TABLE 3. - Water injeoted and 91l produoed on Tide Water Asscoiated 04l Co. leases subjeoted te
wmter O

)\ /) | W, DEKRE WO, Y YRR STV YOO TNES YA
X3 o} T 80 . T |00 .
Month and| o0il 041 umu o umu- | 041 — =y o — 011 - 011
Yoar produced,] Io.9}/ lative produced,|No. 15  lative No.16  lative mouthly lative | produced,|No.ll  lative Xo.26 lative monthly lative | produced,|No.28 lative produced,
bbl, [N total | bbl, total | b1, [N
1933
August L2
September| L5
Ootober L6
November ™
December -~
Total %
1934
J 109
February l“i
Maroh 1!
April lzz
Yay 136
June 135
July 161
August Ua
September| 164
October 177 .
November :72
Decembe:
To:;), g 1_-%
1935
January 782,323 173
February 155
Maroh 191
April 176
Yay 19
June 208 30
July 190 ﬁ
August 195
September| 196 ag
Oatober 218 L,050 L,050 4,050 4,050 Ll
November 197 n
Deceber 208 Lk, l00s !%
Total 7306 5,050 ko
1936 °
January 198 25 '
Pebruary lzz 252 2,700 6,750 2,70 6,750 N
March bt
April I
Yoy §52 g 1,90 8,690 1,960 8,690
June 90 1,087
Jul; 2,13 L66 205 3,720 L8,120 51| 1,705 10,395 T 1,75 10,395
August 3,150 87,616 20, | 3,720 51,840 511 1,085 11,h80 1,085 11,480 -
September| 2 90,136 199 3,600 55,440 | 1,950 13,430 1,950  13,L30
Ootober 2,810 92,946 91 3,720 59,160 3
November g.% 32.332 :62 3"}‘“28 62,760 52
December fl s 0!
T | 585 72 | B0 st T
1937
January 2,520 100,526 m 3,720 70,200 LL | 1,700 28,130 1,700 28,130
February | 2,275 102,801 179 3,360 73,560 39
B I owm o B iR oD 3|, o
pr , . E 8 3
Moy 2,160 109,671 192 3,720 84,600 83 0 0 28,130
June 2,120 111,991 196 3,600 88,200 68 L2o 28,550 L20 28,550 1,128
July 1,545 113,536 202 3,720 91,920 58 686 29,236 686 29,236
August 1,385 114,921 152 3,720 95,640 57 0 29,23 0 29,236
mme e MmO 208 2B £ 5 32 i
r . » 8 B B
November 2,272 122.% 177 3,600 106,560 23 0 29,2§ 4 ,2&
Decemb 2,676 125, 1 720 110,280 0 29,2 0 ,2
el P i | B o =%t
1938
January 2,772 168 3,720 114,000 56 0 29,236 0 29,236 .
| Boo mpy 1B | 3 e B o Bae o B
rol » » . » » »
Bl o B imoEk 3| ¢ 3% P 3%
Juae 2,700 Lz2,57 7 | 30 132.000 8l o 29,23 0 29,2% 90
July 3,150 145,697 178 3,720 135,720 80 o 29,236 0 29,236
August 2,766  18,L6: 183 3,720 139,LL0 8 710 29,96 710 29,96
September| 1,915 150,378 167 | 3,600 ,040 &8 927 30,873 927 30,873
October 2,304 152,682 163 3,720 146,760 n Ls2 31,355 Ls2 31,355
I i R | iR oEm oz 2 orm B
T | g 5 | B | e B
1939 .
January 2,001 158,502 139 3,720 157,800 Ls 0 32,232 68
February | 1,525 160,027 126 3,360 161,160 1 0 32,232 52
March 1,900 161,927 139 3,720 144,880 L8 0 32,232 58
April 1,530  163,L57 137 o 16,880 T2 o 32,232 &l
et Voo 16hist 4 o 1umse » o Rz G| s o 9%, 9% 599
June . 166,567 X [ 0 32,232 3 3
July ’:.509 168,156 158 o lﬂ-&:m h 800 800 33,032 71 1,332 2,295 2,395 2,395 3,727 L,690 588
August 1,427 169,583 158 0 14,880 68 1,910 2,710 1,910 34, K¢ 1,500 3,795 1,70h 4,099 3,200 7,689 580
Septeamber| 1,510 171,093 162 0 144,880 & 4902 ,612 1,902 36,8l &, 9% L7310  1,3WL  S,L43 2,280 10,174 516
Ootober 1,825 172,918 153 0 144,880 & 3.290 7,902 3,290 Lo,13L 63 1,008 5,739 1,092 6,535 2,100 12,274 622
November | 1,725 174,643 s 0 164,880 3L 3,960 11,882 3, L, 114 51 7% 6, . 8o 7,375 1,596 13,870 SL8
Deoember 1,570 176,213 139 ,720 168,600 % 1 15,067 3,185 L7,299 53 672 7,167 568 7,963 1,260 15,130
Total B hry 1 3 !;.LB?; f T.5%% binLa) E.g%
1940
Jaauary 799 177,002 3,720 172,320 35 0 15,067 47,299 27 soh 7,671 336 8,299 84o 15,970 369
February | Froten 177,002 125 3,480 175,800 56 2,10 17,207 2,140 L9,L39 57 612 8,33 2/ 8,29 612 14, Loo
March 9 177,973 3,720 179,520 93 2,65 19,672 2,l65 51,904 60 672 9,015 8,299 672 17,314 Lss
April 1,680 179,653 122 3,600 183,120 & 3,520 23,192 3,520 55,2l 59 6712 9,687 1, 10,261 2,634 19,948 L26
Nay 1,890 181,543 137 3,720 186,840 67 3,550 » 3,550 58,974 73 840 10,527 1,768, 12,025 2,60y 22,552
June 1,890 183,L33 m 3,600 190, 5 2,960 29,702 2,960 61,934 672 11,19 1,3LL 13,369 2,016 Ls7
July 705 184,138 129 3,720 194,160 4 2,650 32,352 2,650 L5804 76 672 11,871 1,092 1,461 1,76, 26,332 516
August 1,890 186,028 :ILE{ 3,720 197, bl 3,300 35,652 3,300 67,88, 45 612 12,543 7% 15,217  1,l28 27,760
September| 1,535 187,563 3,600 201, & 2,680 38,332 2,680 70,564 67 13,383 672 15,889 1,512 29,272 501
Ootober » 189,003 125 3,720 © 205,200 K] -~ 2,50 222 2,800 T3,L5L 61 62 14,055 672 16,561 1,3u4 30,616 521
mo| e ) e mm B bW MR RR G| B EE R WS R 2
Decembe 1,L10 152,173 11 A ) T, ’ . B B s '
Towl | T3 | B 157 %% | s oI : %3
1941
January 1,457 193,630 3,720 216,240 T 2,U80 19,667 2,480 ©i,899 70 8o 16,239 840 18,913 1,680 35,152
February 1,275 194,905 b33 3,360 219,600 65 2,730 52,397 2,730 84,609 n 672 16,911 sok 19,147 1,176 36,328 L58
March 1,035 195,940 128 3,720 223,320 » 1,560 1,580 86,209 86 612 17,583 612 20, 1,34 37,672 502
April 1,255 197,195 126 3,600 »920 T 3,0l 56,991 3,01, 89,223 132 672 18,255 672 20,761 1,3LL ﬁg.olé
198,110 131 3,720 230,640 8 3,090 60,081 3,090 92,313 15 672 18,927 672 21,433 1,3LL ,360 519 1,940 1,940 167
June 815 198,95 107 3,600 23,210 86 2,l90 62,5M 2,90 94,803 840 19,767 8o 22, 1,680  L2,040 2,630 4,570 287
July 780 199,705 122 3,720 237,960 81 3,10 65,711 3,10  97,9u3 0L 672 20,439 612 22,9L5 1,34 L3,384 498 3,268 7,838
August 9o 200,845 119 3,720 21, e 2,830 , 2,830 100,773 113 572 21,111 612 23,617 1,3l LL,72 we | 2,612 10,450 276
September 735 201,380 112 3,600 245,280 2,720 71,261 2,720 103,493 81 672 21,783 612 2,289  1,3LL L6,072 2,790 13,2l 287
Ootober 805 202,185 15 3,720 249,000 ;E 2,965 » 2,965 106,458 93 672 22,L55 672 24,961 1,34 L7,116 Lok | 2,734 15,978 30k
Yovember 1,295 mz.“h&o li‘: 3,600 252,600 zg 2;:9.5? 76'8& 2,630 109.062 a ;73 g';g"l g{;g g.ﬁ% i.S;g 5O.M‘O ﬁ) 2-657 ;18.;322 285
December | 1,010 L,Li90 1 3,720 »320 2, .7 2,890 111,97 B o B B .
o1 | 12317 - . %8 on R | e ; ben sH | 5 =8
1942
J 82! 231 106 JT20 260,040 %6 1,3 81,076 1,330 113,308 53 24,639 612 27,15 1,34 51,784 L33 310 21,35 266
F:nh“r:xy'y 762 202?56,382 105 g.)so 263,400 67 e 81, 510 113,818 76 672 25,311 672 27,817 1,34 53,128 47 | 1,700 23,135 243
March 206,934 108 3, 267,120 81 1,375 82,961 1,375 115,193 h 7l 26,055 T4 28,561  1,L,88 54,616 L2 | 1,995 25,130 286
April 837 207,771 103 3» 270,720 86 2,516 85,77 2,516 117,709 87 T20 26,775 720 29,281 1,L40 56'223 L30 1,485 26,615 252
May 208,613 1L 3,720  27L,LLO 89 2, 88, 2,929 120,638 27,519 TWs 30,025 1,488 57, L38 2 29,110 304
Jume 209,393 1m0 3,600 278,040 83 2,8, 91,220 2,8l 123,452 81 720 28,239 720 30,75 1,440 58, L37 | 2,437 31,847 27
July T10 210,103 101 3,720 281,760 & 2, 93,746 2,526 125,978 T Thls 28,983 Thl 31,89 1,488 60,472 W5 | 2,513 34, 234
August 791 210,894 9 3,720 o Kl 2,258 96, 2,258 128,236 K4 0 26,983 Tl 32,233 W 61,216 2,75 36,895 L7
Septenber| 797 211,601 95 3,600 289,080 k] 2,617 98,621 2,617 130,853 73 756 29,739 828 33,061 1,58, ,800 505 | 2,30 39,325 en
Ootober 817 212,508 8, 3,720 292,800 81 2,800 101,L21 2,800 133,653 1,116 30,855 1,860 34,921 2,976 65,776 521 | 1,970 11,295 252
November 311;2 23"“3?0 93 3,600 296,00 63 2,650 l&'%‘ 2,650 i%.;gg 6; i'ﬁg ;;.gg‘i'v i.% gg.gi 2.3702 %.2?2 htlib ‘;’.&gﬁ ﬁ.gz 285
Decembe. 214,063 93 3,720 300,120 0 104,0 [ » . » . s B » ]
| ol o | & # - & S AR S o 4 %
1943 <
J 60 214,82 B 8 e 1,840 105,911 1,840 138,143 6| 1,126 34,167 1,860 Lolla 2,976  Th,608 L2l | 2,170  LB,160 273
Y::::yrv L‘S 2¥5‘.hég g ;.% ;ff’hg,sg 76 1,60 13'5!.571 1,460 139,603 50| 1,638 35,805 1,680 L2,121 3,318 77,926 L3 | 1,800  Lg,980 219
Maroh Th2 216,210 95 3,720 510,920 100 2,2l 109,795 2,k !32.027 77| 1.0 36,861 1,82, L3, 95 2,880 80,806 L35 810 50,790
April 801 217,011 9 3,600 314,520 70 2,561 112,356 2,561 144,588 89 990 37,851  1,L40 15,385  2,L30 83,236 L8 | 2,395 53,185 251
w2 oz zfomogmEm o e BER Z| 3 FR ZEW I3 8% B|i R 8
June 218, 0 318,240 0 13, 530 8 B f s
T | T2 # | wm & : | =% 3% : =%t | T T
Grand
Total 218,685 17,322 | 318,240 6,135 | 32,232 113,751 7:306 | 39,68, 8,073 87,757 23,167 | 57,7045 . 6,800

%/ Estimated at 120 barrels daily.
Lines frozen.

*Monthly figures not available.
160
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Cochran. - This lease, in secs. 28 and 29, T: 5 Ni, R. 11 W., includes
100 acres with 11 oil wells and 1 water-intake well, The producing horizon
is found at a depth of 940 to 961 feet in the single well serving as a
water-intake well., Water injection was started June 25, 1935, and although
the water is not metered, the rate of input has been estimated to be 120
barrels daily. On this basis the total volume injected to July 1, 1943,
is estimated to be 518,000 barrels, The rate of oil production from the
lease was about 1 barrel of oil per day when water injection was started.
Since that date the rate of production has shown a very gradual increase,
and during the first 6 months of 1943 it averaged 2.75 barrels of oil daily.

Drake No, 1. - This lease includes 1L active oil wells and 1 active
water-inta<e well on 80 acres in sec. 17, T. 7 N., R. 13 W., 2d P. M.,
Crawford County. On September 23, 1935, the injection of water was started
into a well which had served as an air-injection well from December 1929
to that date. Water injection continued at pressures ranging from 150 to
300 pounds per square inch at the wellhead until December 27, 1938, but
it had very little effect on the rate of oil production. (See table 3.)

A total of 32,232 barrels of water had been injected during this time.

During 1939 no pressure was applied at the wellhead, but water continued to
enter the well by gravity until July, when the well was plugged and abandoned.
On July 20, 1939, the injection of water was started intc a second well on the
lease, and to July 1, 1943, 113,000 barrels of water had been injected into
this well, At the time this well was converted to a water-intake well the
lease production was about 2.25 barrels of oil a day, and by the middle of
1941 it had increased to 3.50 barrels a day. During the first 6 months of
1943 the average rate of oil production from the lease was about 2 barrels

a day. Production on the lease is from three sandstone sections found in.

the now active water-injection well at depths of 890 to 905 feet, 920 to

935 feet, and 948 tc 968 feet. This lease has produced 108,265 barrels of
0il or 1,353 barrels per acre to July 1, 1943,

S. D. Meserve. - This lease, in sec, 9, T. 7T N., R. 12 W,, Crawford
County, covers 350 acres and has 46 active oil wells and 2 active water-
intake wells. The injection of water into 2 old oil wells was started July
1939, and to July 1, 1943, 87,664 barrels of water had entered these 2 wells.
The ratio of oil wells to water-intake wells 1s so large, however, that it
is difficult to determine what effect, if any, the injection of water has had
on the rate of oil production. When water injection was begun the lease was
producing ojl at the rate of about 19 barrels of oil daily, whereas the
average daily rate of production had declined to 1k.34 barrels during the
first 6 months of 1943, In the water-intake wells the oil sand is found at
depths of 1,050 to 1,080 feet. ‘

Ames, - This lease, in secs. 29 and 32, T. 5 N., R. 11 W,, covers about
280 acrcs. A total of 38 wells has been drilled on the lease, but only 11
oil-producing wells and 1 water-intake well remained on July 1, 1943, Water
injection was started in May 1941, when the lease was producing about 8.50
barrels of oil daily. During the following October the average rate of oil
production reached a peak of 9.79 barrels daily, and on July 1, 1943, the
lease was producing at the rate of about 8 barrels daily. A total of 57,745
barrels of water had been injected into the single intake well to this date.
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