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EFFECTS OF WATER-FLOODING ON OIL PRODUCTION
FROM THE MeCLOSKY SAND, DENNISON TOWN-
SHIP, LAWRENCE COUNTY, 1LLINOIS

gy Alfred H. Bell and R. ). Plersol

TNTRODUCTION

A preliminary statement of results of an investigation of the effects of
water-flooding on oil production irom the McClasky sand in Dennison Town-
ship, Lawrence County, has been issued.! More detailed data are herein
prosented.

The writers are indebted to the Associated Producers Company, Robin-
son, Illinois, the Big Four Oil and Gas Company, Bridgeport, Illinois, the
International (il and Gas Company, Washington, Pennsylvania, and the Ohio
Oil Company, Marshall, Illinois, for supplying the data upon which this and
the previous report are hased. The fcld data have been collected hy Mr.
Frederick Squires, a planctable survey of the area was made by Mr. Walter
Roe, and the illustrations and tables have been prepared by Mr. Perry
McClure, all of the Survey staff. Water analyses are by the State Water
Survey.

The location of the flood-area with respect to the Southeastern THinois
oilfield is shown in figure 1. An index map of wells and leases is shown in
figure 2, and well data are listed in the Appendix.

Only those wells which penctrated the McClosky sand are included in
the maps and tables in this report although many other wells in the ares were
drilled to shallower sands sitch as the Bridgeport, Buchanan, and Kirkwood.

STRATIGRAFPHY

The sticcession of subsurface strala in this area down as far as the
McClosky sand horizon is shown in the columnar section (fig. 4). “McClosky
sand” is the name applied to the very oblitic purous oil-producing patt of the
————

1Tiell, Alfred H, and Pieranl, R. J.. Eftects of water-flooding on oil production

from the MeClosky gand 1n Trennison Township, Tawrence County: 11linoia State
Ceoul. Survey Information Circular No. 1, February a7, 10381,
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Ste. Genevieve limestone, which formation has a total thickness of approx-
imately 140 feet. . The Ste. Genevieve is the uppermost formation of . the
Lower Mississippian series which consists of the “Mississippl lime” and in-
cludes the black “Chattanooga” shale at the base, and which has a total thick-
ness of about 1400 feet. Tt underlies the Chester or Upper Mississippian
series in which oceur the Tracy, Kirkwood, and part of the Puchanan sands.
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The McClosky sand® is not a single porons stratum but comprises one
to three lenses which range in thickness from less than one foot to 25 feet
and which occurs anywhere through a thickness of about 30 feet of the Ste.
Genevieve limestone.  For instance, drill cattings from the Associated Pro-
ducers Company J. F. Snyder well No. 20, SE. J4, NE. I4. sec. 25, T. 3 N,

TRich, John L., Ol and CGas in the Vinconnes quadrangle: Tllineis Htate Geol,
Survey Bull, 13, pp. 168-155, 1016,



FROM ‘THE MO CLOSEY SANT [N DENNISON TOWNSHIP a

Ro12 w.
ol s
! 1 & | | .
|‘g i ] 1 .
ne 20 81 | T
e ® I 20, LLguTr . 3
] | : — . : x 5| e
i0 | 5 r g
- © Ll
LI T H g n : K
ty 1 romeerrgTeptol 8 v
13 = 2 WILLIS SNTLH I ooy &
I"D b iy B | B - ol 20%{
w! 1 .
a o . {2 0
L I R B 13 il s gy
I 23 26 __° 0 3 e @ 2 " T
3 —m= T & TR e T T T T o al-—= =T e . oLE T FT TR
i ;s FTATmG 0
. T EE TG T T e
i F x 316 -
32 35 an | i 2z a 7 A
E - T | S N R AL Lol I LY
i Mg 1 4 302 R g0
4 z o
1 2 L3 o &
e w || o 3
':'Ef&'izo =iz lc"\' u ympiimaim b _,_.,I__EE_BE:__ .
: a B
g ¥ I SR
B 1z
n I LI Fle 3
T L N T =
17T Y 1Y od |
. I
L) LLD RYkh |
) 1 A (LI ]
| B R I 5.0
I i 14 7 |
o 5,0 I o o \
—————————— '—|' 0w T LnGHTY -
a';' v towe 1 # ‘2 A }
; ; Garr | 5 ‘
40 / : a 1z | saore
§ 1
e | & 3 0 2
| -9 ® 1 e, @ g 2. :_ ______
. TR gl ETT T
Yl ::;,l GDI I;I' g- I |
L CHa ke
: | rag 7 : W 2 _:._4_-:.::_:_
1 : BLH, LEIGHTY ”:D H ?| e | -!
a8 o - 4 | * ]
I | S @ agm® :"‘ [Fe TGMI;IIHB"" |
1 3—'— 9 5 Ly~ T T oT T T T s
} b ay W 7 ' 2o ]
! Lye L.dCuntn
| Locodue § ., - I~ & scsn 2 3’ :le;? — 2!9:
1 2y - 1
i ; e 22 1g T , |
5
1 ' 0 Ry | ]
————— T = L T
1 j 27 ol 1
‘ L o op| o Bk I
| . Lod JEuntn o
Y, - “-hg'-l za L:;l a7 Sun 1
I'MM ! ! PRAOPERTY MAP OF
1
|2 {3 4 M CLOSKY F1L.OOD AREA
l £ aal PART OF DCHHRINN TOWHSHIP
:ac? SR (- L AWKE NEE COUNTY, ILLINOIS
o |
RS L T
B 5 i
[ 43 .
T. be - 2219 LEGE HE
) ! ":,ﬁ-‘j 11 O MCCLOGAT AAND PAADUCEH
" | 2 | i | {mART OM MLECHT)
| a2 i ”I B ML LIORRY WANG MON-PROBUELR
=y 1% : 32 wi mumur s (0D ARRiedia)
I
|
SCALE \
a___ \a iz 34 { bt 1
|
|
d 1
1
e Gfate dealogicdt Jurve
Srata Grolegieal Jurvey
FiG. 2




FFEECT OF WATHR-FLOODING ON QI FRODUCTION

GLA- GAMT

g

Ao 12 W,
1] I I T l o
la ! " |
I o | . ! .
] & | GES Lk E _a
i I 3 "L%? - b 2
& ] - =l
la | 5 g
) - :
| e
I
I

T v
3 N N P,
. B \.,\fj o
s © B [
-
/4:"“
-
T
- - LY o
//?’_,"' 1 L
# Fa]] |
/ - T
‘7 i
! i
A Ia
f! 1
/ 1
! e
!
IJ ! -
5 6L

T
RO L
H
|

=
- ) -~ s.cum“% 1 o 3
e T n o) o | Ry i STRUGIURE MAP OF
S ) ol = TOP QF KIRKWOOD ZAND

PART OF GENMISON 10WHSHIP
LAWREHSE COUNTY, LY IHOIS

LECEHD

O WC CLOMRY ZAMD FRODUCED
{rupT DR PRESENT)

O WCCLGEAT JAND WO - FRODUCER

/" CORTOUR DOH HIRRWIOD SAHD
CLLYATION BELGW SLA - LEVLL
COHTOUK MTECAYAL =10 Fee T

e

SCALL
14 177 Jr4 1 un L

e Sl Giulopical Survegy

F1a. 3



FROM THE M CLOSKY SAND IN DENNISON TOWNSIIIP b

EFTH
W FEET
o

arn -

w0l —

AQD

1007 -

1790 &

COLLUMMAR
SECTION

2

CARBDHDW.E | Mt LEAHESOAD
PENMSTLvAN 1A

Ny [ LE17 4]
| POTTSWELE

JUCHL AN

CHE STER
MISS ISSIPPLAY

A.r2 W,

o —r—]

1 : H
e ! -
le @ = a q,
] F 1
I H [ £
™ s o T

i ) f, 4 e
: o * d-'""-"i g
I Z A

u
1
1
1

Zra

Srrep

bres
1

o
|
Wl
‘r_,F 4B ALER

¥

i

L A BUCHARAH

T

\

L FIEHHER |
- I

STRUCTURE MAR OF

TOF OF MC CLOSKY SAND

PART OF DEMMIZON TOWMSHIK
LAWRENGE COUMTY, wlLinds

LEGERD

& M cLouAY Aanl PRODCCE
{ PaaT om pREBENT)

B W CLOSHY BAND HOH - AROMIGER

7 COHTOUR GH ug dLuanT Al
[LEVATAON BELOW AL - LEWEL,
FEHTOUR WTCAvAL - 10 FICT

SCALE
1sd [F¥] 34 | MLE

fitinoi ditare Gaoiogicel Sprvdy




3 EFFLCT OF WATER-FLOODING. 0N OIL PRODUCTION

R. 12 W., in the northeast part of the fluod-area, show that the McClosky
sand here consists of 12 fect of white, petroliferous, odlitic, slightly sandy
litnestone. The cap-rock consists of the upper 18 feet of Ste. Genevieve
limestone which is white to light brown and dense to cerystalline.
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STRUCTURE
Most of the elevations (Appendix) on which the structure maps {tigs.
3 and 4) are hascid were obtained from skeleton logs in which the sands were
correlated by the driller. The majority of the anomalous elevations not used
in preparing the structure maps ave for the McClosky sand and this is prob-
ably due to the fact that it consists of more than one lens, Owing to the
variability of the McClosky sand, a structure map on the more consistent
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Kirtkwood sand is included for reference, although the structure of the
MeClosky sand 1s the more important for the present study.

The principal structural feature is an anticline whose axis trends a little
west of north and cast of south and passes through the west part of see. 35.
From the highest part of the anticline the general dip is east, southeast, and
south.  Although the structures on the two horizons are generally similar,
they differ in detail.

INIT]'AL PR(:]])U[‘:TI(JNS

It may be noted that in two of the three areas of high initial produetion,
the thickness of the McClosky sand as averaged for leases or fractions of
leases (fig. 5) is above the average for the whole area which is 8.2 feet,
In this connection it should also be noted that many ot the wells in areas of
high initial production may not have been drilled through the sund and that
accordingly the total sand thickness may he greater than that recorded
whereas in many of the wells of low initial production the sand was com-
pletely drilled through so that its fotal thickness is recorded.  This accounts
for the high average thickness for some of the leases near the edge of the
producing area where initial productions were low.

Initial production and thickness of sand may be corrclated only where
the openness and ather conditions of the sand are uniform. Lack of correla-
tionn between initial production and sand thickness may be due to variations
in sand texture, regarding which there is little direct information, or to
reservoir pressure at the time of drilling,

Froonp ADVANCE
IRODUCTION RECORDS

Curves of per cent production by years for many leases (A-D, fLgs. 6
and 7) show that following a period of decline there was a marked increase
in production.  Study of the dates of drilling (including wells to all sands)
indicated that in most cases such increascs could not be due to the drilling of
new wells. Further data, given helow, show that the increases were undoubt-
edly due to water-flooding.  The benefits of the water-flood are shown by the
fact that the annual production of a number of leases in the area has been
increased in ratios from a minimum of 1.2:1 to a maximum of 20:1.

Fach group of curves refers to leases located along lines that radiate
from the L. K. Leighty lease in the east half of sce. 35 (fig. 7). It will be
noted that there has been a sequence of time for maximum increased produc-
tion in these radial directions.

FLUGGING-BACK RLECORDS

A few years after the time of maximum increased production, the water-
oil ratio increased rapidly, eventually making it necessary to plug back the

# Produetion records include Letalz for all sands.
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wells to one of the higher sands. The approximate position of the flood
front at successive five-ycar intervals (fig.8) indicates that the Hood
advanced outward from a central area in the vicinity of the L. K. T.eighty,
L. Jenner, and A. L. Could leases in the southeast part of sec. 35, 1t there-
[ore seems clear that the increases in production were the result of ofl being
pushed ahcad of the water-flood. The spacing of the lines indicates the rela-
tive rate of advance of the flood.
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HY[PROSTATIC LIEVELS

Fluid levels determined in 18 wells at or near the plL1ggi1lg—back stage
(Table 1, fig. 9) were uscd to determine relative pressure in various parts
of the McClosky sand reservoir. 1t is probable that in some cases the
ohserved levels are not true equilibrium levels becanse sufficient time for the
Aluid to rise to cquilibrium bad not clapsed before the measurements were
made. The present tendency for flow in the McClosky sand, as indlicarad by
the fluid-level lines, is outward from a center in the vicinity of the L. Jenner
and A. L. Gould leases in the southeast part of sec. 35 and is thus consistent
with the advance of the flood as shown by the production curves and plog-
ging-hack records.
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Source aF THE Froon WATER
Previous to the tapping of an vil reservoir in which the interconnected
openings are larger than capillary size, the water-oil contact is at the same
level in all parts of the reservoir,  Adjacent unconnccted reservoirs may have
different oil-water contact levels,  An oil reservoir may exist below vne con-
taining water and yet he connected with it if the point of junction is at the
highest part of the water-bearing lens.
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The history of the McClosky water-flood shows beyond question that
the main lens of the McClosky sand has connected porosity throughour the
area. However, in the southwest part of the area (south of the south line of
the L. K. Leighty lease, E. 14 sce. 35) there is evidence that there are three
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distinct lenses at differcnt vertical elevations which are connected in the

region north of the L. A Buchanan well No. 31

The oil-water contact is believed to have been originally belo

satid at —150% feet,

TapLE 1 —Measured fluid levels
(Datum, gea-level)

w — 1400
feot because the L. A, Buchanan No. 35 well, drilled in 1913, produced oil
for cight years [rom the McClosky sand at an clevation of —1389 feet and
i 1994 the L. A. Buchanan No, 47 well produced ofl from the McClasky

Helght of Elevation Elevation
{ompany T.ease and well Mo fluid MaeClosky top of
colutnn sand fluid
Assuciated J. F. 8nyder 11 B2h —136% —834
Producera I, F, S8nyider 16 3441 —1347 —66
Company J, F. Snyler 1% 610 —1357 —IB7
J. ¥ Snyiler 21 600 —1365 —Ta5
Ohlo Oil L. A. Buchapan 31 5233 —1332 — 744
Company A. L. Goulld 1% 1068 — 1307 —254
H. H. Gould 9 455 —1277 .—B22
J. J. Goull 3 Tnn —1324% —629
J. J. Gould 13 730 — 1305 —575
J. J. Goulid 12 #4700 —1308 —B35
L, Janner 13 255 —1899 -—444
.. Jennet 14 Ly Riti1] —12h% —23%
L. Leighty b2 33 350 — 1260 —AR10
L. Lelghty 117 432 —12549 -—-867
I, K. Leighty ©22 345 —1296 —-951
G. Hyan *31 182 —1306 —1124
. Withera 11 440 —1336 —B75
Vandermark 17 956 —-1326 —-110

s Falimated.

b Dyt ROt uEe
¢ Taeated near To.
A Located nenr Lelghly No.

The first well drilled in the southw
drillecd in 1908, in which the elevation of the oil
approximately 100 [eet above the water san
southern part of t
Acaded out by water in 1
drilled into the MeClosky sanc

showed water immediately.

Taritlings in
extended in a channel-like belt throughout the

4 in hydrostatic level map (g, o).
Laighly N“é 31,

estern arca was the M, Tinley No. 1,
sand 15 —1311 feet of
d in the wells in
he }. B. Kerr and L. A Buchanan leases,
913, In the meantime the J. B. Kerr No. 24 well,
1 at an elevation of —1306 feet 1 1911,
1013 and 1914 showed that water
fength of the J. B, Kerr lease,

the extreme
This well was
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its advance being due to the release of pressure through wells drilled from
1908 to 1913, J. B. Kerr No. 31 well appears to he in a water-bearing lens
deeper than the surrcunding oil-producing McClosky sand such as found in
L. A. Buchanan Nos. 35 and 47 wells.  Also there appears to be an intercon-
nected lens which includes the sand encountered in L, A, Buchanan wells
Nos, 36, 3%, and 42 and Maggie Finley well No. 1 at an elevation of about
— L300 feet. L. A, Buchanan well No. 4% seems to be inoa lens at a higher
level than wells Nos. 32 to the west, 35 to the south, and 45 to the cast in
which the sands are respectively al elevations of —1356, —138% and —1352
feet.

Indications are that the water drove the oil ahead in the J. B. Kerr
lease previous to the drilling of wells Nos, 32, 31, 29, 28, 25, 24, and 30 and
L. A. Buchanan wells Nos, 28 and 3. Unfortunately these wells were not
Arilled in time to be benefitted hy the water-flood but the L. Jenner wells Nos,
17, 18, 19, and 20 were drilled in advance of the flood and showed initial
daily productions of 1400 10 1600 barrels.

The “channel” through which the water enters the area appears to be
a lens of porons sand hounded on the cast and west by tight sand and having
an clevation different from that of the cil-producing sand in the south part of
the [ B, Kerr and L, A. Buchanan leases, These lenses scem to merge in a
region north of the L. A, Buchanan No. 51 well and therefore form an
apparent sotrce of flood spreading outward from a central arca approxi-
miately covered by the 1. Jenner and L, K. Leighty leases.

In the results of water analyses (Table 2) attention is called particularly
to the relative amounts of total dissolved solids, which generally increase
with the deprh of the aquifer.t Woeighted averages of parts per million of
total solids for waters from the Bridgeport, Duchanan, Kirkwood, and Tracy
sands, named n descending order of depth, are respectively 16,000, 17,000
35,000 and 53,000, A weighted average for {ive analyses of MeClosky sand
water outside of the fooded area is 50,000 whereas for five analyses of
MeClosky sand water from the food-area it is 70,000 parts per million, or
nearly 50 per cent higher. These figures indicate that the flood water came
ot from a horizon higher than the MeClosky sand but either from a deeper
part of the MeClosky sand or from some lower water horizon, possibly in
the Ste. Genevieve or a lower formation.

These observations cxplain why it is possible to have a well, such as
H. H. Gould No, 18 at McClosky sand elevation of —1268 feet, plugged back
on account of water in 1918 whercas the T.. A, Buchanan No. 38 well at
MecClosky sand elevation of ~1856 feet 1s pumping oil at the present time.

+ Moulton, Gail F., Turther contripbutions to the geolopy of the Allendale odl field,
with @ revised structure map: Illinots SBtale (Feol. Survey Report of Invoatigationd
Naoo T, p. 18, 1925
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