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FIGURE 10.—Map showing areal distribution of oil and gas wells drilled into lower part of lower aquifer unit (modified from Newell and others, 1987).
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= t freshwater heads in lower part of lower aquifer unit. HYD ROLOGIC freshwater heads in the lower part of the lower aqu
FIGURE 9 —Geolydralagic map shoscing egusvlent fresle: ¢ " ’ 1,900 feet above sea level in southwestern Kansas to less than 200 feet above
CHARACTERI STICS sea level in central Kansas (fig. 9). Distortion of the equivalent freshwater-head
contours in central Kansas reflects the extensive development of oil and gas
For discus:sion of hydro.logic characteﬁst?c?, the. lower aquifer unit of the reservoirs in this area (fig. 10).
Western Interior Plz.ams aquifer .system g c‘hwded into lower and upper parts; Equivalent freshwater heads in the upper part of the lower aquifer unit were
the lower‘part consists of rocks in the extensive Arbuckle .Groupt and the upper based on about 190 records of drill-stem tests (fig. 11). The distorted equivalent
part copsmts of rocks that overlie the Arbuckle up to and including the Hunton freshwater-head contours also reflect the distribution of oil and gas develop-
Formation (table 1). ment in the south-central part of the State (fig. 12). Equivalent freshwater heads
in the upper part of the aquifer unit range from about 2,200 feet above sea
Equivalent Freshwater He adS level in the southw?st‘ to' about 200 feet abox{e sea level in south'-central Kz'msas.
5 Because of their limited extent and relatively poor hydraulic connection to
" 101° . 97° 96° s gl The petroleum industry is frequently the most common source of hydrologic the regional ground-water flow system, oil and gas reservoirs are affected greatly
40° ~j»—1— —————————— L 1o | data from deep saline-water systems, and pressure data from drill-stem tests by development, and thus, drill-stem tests in areas of oil and gas development
| MT mmmmmmmmmmmmmm }—‘ ““““““““““ ALLLET] G A S——— T S are a common form of the data. In determining fluid levels and probable direction do not reflect predevelopment conditions. To visualize what fluid levels may
I E i of fluid flow in a variable-density aquifer, hydrologists most often convert the have been before the extensive oil and gas development, the many available
] : 1 pressure data from drill-stem tests to equivalent freshwater heads (Jorgensen drill-stem-test data frorg the lower part of the lower aquifer unit were screened
| i | and others, 1982). Equivalent freshwater heads are a measure of the altitude in search of those records that contained the highest values of equivalent fresh-
; CHEYENNE i RAWLINS H NORTON to which freshwater would rise in a tightly cased well fully penetrating the top water head, regardless of date, and that did not reflect the obvious effects of oil
f i l of an aquifer. The direction of fluid flow is not always orthogonal (at right angles) and gas development (DG. Jorgensen, U.S. Geological Survey, oral commun.,
i | | to the equivalent freshwater-head contours in variable-density aquifers; however, 1987). The resulting interpretation (fig. 13) shows that predevelopment fluid
| ' direction of flow can be determined by using the Darcy equation in three levels in the lower part of the lower aquifer unit range from about 1,500 feet
[ T T Lr mmmmmmm dimensions and pressure and density terms (Jorgensen and others, 1982). above sea level in southwestern Kansas to about 700 feet above sea level in
! i On the basis of about 260 records of wells and drill-stem tests, equivalent southeastern Kansas.
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FIGURE 12.—Map showing areal distribution of oil and gas wells drilled into upper part of lower aquifer unit (modified from Newell and others, 1987).
FIGURE 11.—Geohydrologic map showing equivalent freshwater heads in upper part of lower aquifer unit.
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! Reglonal FlOW through a unit width of an aquifer under a unit hydraulic gradient; it equals
) = ] . _ ; the hydraulic conductivity multiplied by aquifer thickness. Storage coefficient
T The lower aquifer unit m the Western Inter}or Plams. aql'nfer‘ system is part (dimensionless) is the volume of water an aquifer releases or takes into storage
! of two separate, laterally .ac'l]acent f.low systems with oPposﬁe directions of ground- per unit area per unit change in hydraulic head (Lohman and others, 1972).
| water moverr_lent a“‘fl distinctly different water q}xallty. ThrothO‘ft most of the As estimated by Spruill (1987), transmissivity values for the lower part of the
! % POTTAWATOMIE State, the unit contains generally eastward-flowing saline water; in the area of lower aquifer unit in southeastern Kansas ranged from 400 to 1,070 [(ft*/d) /1t*]
i \7 southe.astem .Kansas that corresponds ta':> the Ozark Plateaus aquifer system, ft, and storage coefficients ranged from 3 x 10 to 7 x 10-* (Spruill, 1987).
| EILEY ?\\ the unit contains generally' W ard-flowing freshwa.te.r. The bOL.mdal:y b.etfzveen Freshwater for domestic, public, and industrial supplies is withdrawn from
the_two flow systems, W}TICh ot often called t.he transition HORE, B0 indistinctly the lower aquifer unit and stratigraphically equivalent units only in southeastern
defined area'about 25 miles wide that contains water of mixed type (Jorgensen Kansas and only from the lower part of the aquifer unit. Wells drilled into the
and others, fn press). . ) lower part of the lower aquifer unit generally range between 500 to 1,800 feet
g In an aquifer that contains water of constant density (freshwater, for e%ample.), deep in southeastern Kansas (Bevans and others, 1985). Here, wells commonly
= flow can be assumvjd o b‘? orthogonal % the contours f)f the PSR yield 30 to 150 gal/min, although well yields in some areas may exceed 500
surface; howe.ver w1t.h aquifers that contau:m wate'r of varzlable density, §th as gal/min (Bevan and others, 1985).
EXPLANATION the lowc;,lr aquifer uniotjt'he Western Interior Plains aquifer system, this is not In the rest of the State, wells in the lower and upper parts of the lower aquifer
always t ‘ecase,-and e directions of regional flow ooy only be 1r:nphed. .A]th(?ug_;h unit are primarily oil and gas wells or wells used to inject the briny water that
AREA OF LOWER PART OF LOWER AQUIFER a Potentllometrlc Surcfla-ce li:?oes not ;X1St for a vanable-d.ensxty aquifer, it is, is produced during oil and gas operations into the lower aquifer unit. Carr and
UNIT nev;]arthe e:ss, lassufr:\eh in this hrep;rtt at wate\z; ﬂqws ?]pproxtmately o%’thogonaﬂy others (1986) estimated that an average of 20 barrels of brine for each barrel

O AREA WHERE LOWER PART OF LOWER ot _fe ki ffnt o water-' e‘: contou1_rs.1 erg'cal ssboin also ?X'St betwee-n of oil, or a total of about 1,170 million barrels of brine, was produced during

2 AQUIFER UNIT IS ABSENT QgL ers'or sgrha'ce-wa(;‘el" units if a pf)tentlahgra fent ex1st's, assummg. hydrauhc oil production in 1980. Most of the brine produced during oil production was

acis . GO, : is condition occurs in southeast Kansa's I t}?e trans'mon £0ne returned by injection into the lower aquifer unit at a rate that ranged from 100

9 ——700—— EQUIVALENT FRESHWATER-HEAD CONTOUR— where water discharges upward from the Western Interior Plains aquifer system to 150,000 barrels per day (3-4,375 gal/min) during 1984 (Carr and others,

a8 Shows altitude at which water level would have to streams or to the near-surface water table. 1986).

Uy St(?Od ?l‘l a tightly cased well penetrating to t.he . Implied direcﬁf(;ns of reg:tzlional flow i.n the .l?wer par;l of the lower aquifer unit Discharge from the lower part of the lower aquifer unit is principally by well
mlfip‘omt of the lower part of the lower aqu1fe1t s oworrI;IO\;:ament f'omQSOLIl{t vu.leste{r;] Mlss'oux;l into souft eastern Kansasnand then pumpage for public and industrial supplies in southeastern Kansas. Bevans and
unit if water were fresh. Pashed f;vhere approxi- ;?to a omah( ig. 9). egiona how in e rest c;] Kansasl generz; Loz others (1985) reported that 14 Mgal/d was withdrawn from this area during
mately locate.d. Contour interval is 100 and 300 %m wes.tl-nor(ti AL SO;lt ~sout ‘t"laSt’ (e;xcept o il i the State 1983 and that water levels declined as much as 200 feet locally on the basis
feet. Datum is sea level é’ ere ol ":s“ f?]as Qevtehopment s fxsr:ptled the re-?xonal-'ﬂow p;ﬁem' of predevelopment and 1980 potentiometric-surface maps (Macfarlane and

=»  IMPLIED DIRECTION OF REGIONAL GROUND- : °:’pf‘:ne“ °t °‘;’thm tet “ppe‘;hpart fht x gwer iq“‘ e';lu“s't o ; °‘1191ht others, 1981). Withdrawal of brine during the production of oil and gas from
WATER FLOW Io le' dodrP ‘::Vt?s o ¢ wc:.is Ol ol -;sou 3 easlt ftl toug o}?t u e. ftiate ( 1%3 ). the lower aquifer unit accounts for the major discharge component in other
o g f:"p i tlll;e 1‘1“;4.0 P fa\;e °pmt‘;“ ntag};ona Oz’ £ sh GV ";1 gureh Il parts of the State. Carr and others (1986) estimated that 1,018 million barrels
3g°- thom S‘:‘h Wifh 15:?;‘" ’g i ea; ansas,K om the S‘c)iu;r -SOUth west to of briny water was withdrawn from the upper part of the lower aquifer unit and
ertl:] = t-?o i ; ﬂl]rec ctJl: mt s.outth westc:rnf ﬂf\nssas, AR e o that 152 million barrels was withdrawn from the lower part.
narinveR B B souib-soatiemst W e st o i e, Because the lower aquifer unit is deeply buried, natural recharge to the unit
originates mostly in outcrop areas in the Ozark region of Missouri. Some inter-
Ground-Water Awvail ability change of water with the overlying upper aquifer unit in the Western Interior
Plains aquifer system occurs where the aquifer units are in direct contact. From
In the lower and upper parts of the lower aquifer unit, water is under confined 1942 to 1986, the lower part of the lower aquifer unit has became a major
conditions. A confined aquifer is a water-bearing, permeable, geologic unit zone for disposal of fluids produced during oil and gas drilling operations. By
capable of transmitting significant quantities of water under ordinary hydraulic 1980, about 889 million barrels per year of briny water was being injected into
gradients and is overlain by a geologic unit that may be saturated with water the lower part of the unit, mainly in uplift areas in the central part of the State
but is less permeable (Freeze and Cherry, 1979). (Carr and others, 1986). The effects of fluid injection have not been determined,
Properties of rock that indicate its ability to yield water include transmissivity but the cumulative volume of briny water added to the lower aquifer unit could
and storage coefficient. Transmissivity is the rate at which water is transmitted cause notable changes in pressure and chemical composition of the aquifer fluids.
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FIGURE 13.—Geohydrologic map showing predevelopment equivalent freshwater heads in lower part of lower aquifer unit.
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