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The BLrine-Disposal Froblem in Kansas

Uil (and the accompanying nuisance, salt water) has been produced in Kansas for

nearly a century. In 1866, petroloum production in the state amounted to 124,467,713
barrels (Guebel and others, 1967). Along with this oil, it is cstimated that 1,857,198,740
barrels of oll-field brine was produced. This latter figure, howevar, is misleading
unless one understands that water used in the process of secondary recovery of oil is
facluded in this estimate. In secondary-recovery operations large quantities of water,
mostly from deeper formations, are injected into the ofl-producing formation, and

some of this water is again produced along wth secondary-recovery ofl. Inasmuch

as water produced with ofl 18 added to other water and injected, the process is one of
recycling. According to the State Board of Health's estimates, 3,160,653 barrels of

brine is being placed in disposal ponds and into disposal wells dally in Kansas.
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Figure 1 shows location of ofl and gas producing areas and administrative districts in
Kansas; figure 2 shows, graphically, annual ofl production in Kansas from 1890 to 1856
inclusive.

Problems relating to ofl~field brines and the hazards of polluting fresh water both in

the subsurface and on the surface in areas of secondary recovery (waterflood operations)
are somewhat different from problems incurred in areas of primary oil production,
Waterflooding is practiced largely in oil fields in the eastern part of the State, whereas
primary methods account for most of the ofl production in central and western Kansas.

Kansas produced an estimated 15.1 million barrels of oil by means of waterflooding
processes (Goebel and others, 1957) dnring 1956. This ol was produced from about

7,000 ofl wells in secondary~recovery projects, in which approximately 1,060 repressuring
wells were in operation. An estimated 1,202,040 barrels of water (including large

amounts of recycled water) was injected daily in repressuring wells.

From the foregoing discussion, it is seen that great floods of brine are brought daily
from the deep rocks to the land's suriace in Kansas and that these salty waters may
constitute a real hazard to the State's supply of fresh water, the importance of which
needs no explanation. ;

It is, of course, recognized that the bringing of oil-field brines to the land's surface is

a necessary part of petrolsum production; the overall problem, then, involves the disposal
of salty waters with minimum economic and sesthetic damage. The Immediate economic
hazard involves the danger of pollution of fresh water, and perhaps all attentuating hazards
in reality are joined with fresh -water pollution preblems.
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I one is to understand the pollution problems that are generated by produced oil-field
brines and to formulate procedures that are desmed feasible as diaposal practices, it
is necessary to review the general water-supply situation in Kansas.

For water for various uses, the people of Kansas must depend on underground water
(obtained from wells), on streams, and on supplies artificially impounded. Wells range
in capacity from those yielding a gallon water or less per minute to those ylelding several
hundreds of gallons per minute; streams range in size from small streams to Missouri
Hiver; and artificially impounded supplies range from water beld in farm cisterns to the
largest artifial lakes in the State. Hemce, it is necessary to protect both surface and
underground water from pollution by ofi-field brines. The relative amounts of usable
water that comes from the various sources concern us little here, |

The total storage in underground {resh-water reservoirs in Kansas probably is some
200 million scre-feet (Foley, Smrha, and Metzler, 19568). The western and south-
central parts of the State contain the largest reservoirs, which are mainly in Tertlary
and Pleistocene sediments in the High i lains and in some topographically lower regions.
In most of eastern Kansas, large ylelds of fresh ground water can be bad only from
Pleistocene deposits, chiefly below the flood piains of larger rivers. In the extreme
southea gtern part of the State, however, bedrock aquifers that lie at a depth of about
1,000 feet yleld large amounts of {resh water.



In most parts of eastern Kansas fresh water is not found at depths below 250 to 300 feet.

In places the depth to salt water is less than 100 fect. However, there are some exceptions
to this general situation. OUne small city obtains its supply from wells slightly nmore than
400 feet deep; and in some places in the eastern part of the Statc usable water has been
found at about 509 fest. The ococurrence of salt water at shaliow depth is due in part to

careless handling of oli-field brines.

A sizable amount of brine turned loose cn the surface eventually {inds its way into natural
drainage courses, where it pollutes fresh water. Also salts that are residues from
evaporataed lmpounded waters eventually will be redissolved by surface water that finds
its way into natural drainage courses or that becomos underground water. ODuring the
fiscal year of July 1, 1966, to June 30, 1857, the State Hoard of Health received 231

complaints in reference to alleged oil-field brine pollution.

Both surface and underground waters may be polisted by oil-field brines other than the
“produced watersa.” That is to say, improperly plugged wells and improper completions,

which are not germane to this paper, cause pollution.

It should be noted that surface waters may becomse polluted with highly minerallzed
waters in a natural manner. Acoording to ¥Foley, Smrha, and Metzler (1u55, i'ig. -13),
natural saline ground water is contributed to streams in two major areas in Lansas.

Une area is a southwest-northeast trending belt about 25 miles wide and 150 miles long
extending from northern Barton County and northestern itush County to the northeastern

part of lepublic County and the northwestern part of V. ashington County. The Smoky ilill,



8aline, Solomen, and Republicen Rivers cross this avea. The other area lies along the
lower part of Rattlesnake Creck in the northeastern part of Rice County. Highly mineral-
ized waters also are added naturally to surface waters in some other parts of the State.

Industries other than that of oil production may contribute to stream poliution. According
to Foley, Smrha, and Metzler (1968, p. 103 and Fig. IV~8), sources of industrial
pollution in Kansas include oll refineries, chemical and fertilizer plants, railroads,

salt plants, wmilk processing plants, meat and roultry packing plaats, and alrcrait metal

Regulations

In Kansas the use of surface ponds and the use of injection wells are recognized as legal
methods of oll-field brine disposal. Both the State Board of Health and the State Corpor-
ation Commission are charged with administrating laws and with issuing rules and
regulations pertaining to bride disposal.

" Rules and Regulations,' as authorized by General Statutes 65-171 and as amended by the
1857 Legislature, promulgated in 1967 by the Kansas State Board of Health, contain these
paragraphs:

The storage or disposal of salt water, oll, or refuse in
surface ponds shall be prohibited unless a permit for such
storage or disposal shall first be obtained from the State
Board of Health, except that such ponds that are in use on
or before July 1, 1967, may be used without a permit until



Janwary 1, 1058, subject to the rules and regulations for
the prevention of surface and subsurface water pollution
and s0il pollution detrimental to public health ox to plant,
animal or aquatic life of the state.

Applications for permits for storage or disposal of salt
water, oil or refuse in surface ponds shall be submitted
in duplicate to the Director of the Uil iield Section,
Division of Sanitation, Kansas State board of Health, on
forms obtainable from sald Director.

1. Operators shall provide satisfactory evidence that
surface ponds intended for the storage of salt water, oil
or refuse will not cause surface or subsuriace water
pollution or soll pollution detrimental to public health or
to plant, animal, or aquatic liie of ths state. The State
Board of Health may require the installation of cbservation
trenches or holes to determine seepage or leakage.

2. All surface ponds shall be designed for normal
operation with a mintmum of thirty (30) inches free-
beard measured at the lowest point of the top of the dike.
Freeboard shall never be less than twelve (12) inches,

measured from the lowest point of the top of the dike.
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Under date of Getober 4, 1957, the Director oi the Gil Field Section of the State Board
of Health made these statements:
The bill[House Bill #215, 1957 Legislature)and
the rules set up to gulde its administration provide
that permits will be issued only for ponds which do
not seep and which do not carry any threat to public
hesalth, animal, aquatic or plant life. Permits must
be obtained for ponds constructed after July 1, 1857,
and all ponds in use after January 1, 158, must have
a permit. In most areas this requires that a pond be
sealed, and if it is making mucih water, the brine will

have to be re-injected or hauled to a disposal well.

In Kansas permits for salt water disposal and for water injection for repressuring
and pressure maintenancc are issued by the Conservation Ofvision of the State Corpor-
ation Commiasion, but applications are reviewed by the Director of the Cil Field
Section, State Board of Health. Hecent legislation (House Bill 515, 1357 Legislature)
has made it mandatory that the State Board of Health, the State Water iiesowrces
Board, and the State Gu:ological Survey submit recommendations to the State Corpor-
ation Commission for the protection of fresh and usable waters in refexrence to under-
ground disposal of brines. The State Corporation Commission is authorized to use

these recommendations in promulgating rules and regulations.



Under the date of Cotober 14, 1587, the State Corporation Comuidssion Conservution
Olvision, includad ifa 83 order Docket No. 34,780~C (C-~1815):
The Commission iu passing upon applications for
the uso of nonproducing formations for disposai
use, will give consideration to the determinations
on file with the Comumission (denomination Tabie H)
made by the State Board of water Hesources, the
State Board of Heaila, and the State Geologioal Survey
establishing minimum aafe depths ior salt brine or
other ofl field waate disposal wells for all producing
areas in the state, in determining whether such form-

tions may be safsly and legally uwed.

In Juns, 1367, the State Lioard of Health, the state Viater ussources Loard, and the
State Geological Surve; submitted to the State Corporation Commission a table

{Table I, referred to above) in which mindmuis depths for disposal wells in each of
the Kanaas counties were recommended. In some counties onl; depths were apevifled,
and in some, geological horizons (for example "Top of Cheysnns Eandstone) were

glven a8 recommended minlmwn deptas for disposal wells.

The Effect of Brine Disposal and nforcement Procedures on Cil Production

The brine disposal enforcements required by the new statutes, rules, and regulations
seem to have little, i any, eifect on the State's production of oll, in that Kansas haz

had an annual increase in the production of oll duriag the past six vears.
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The Board of Health enforces its rules and regulations for correct oil-fisld brine disposal.
Whenever the Board receives a complaint of improper digposal from any citizen or from
one of the Board's geologists, an investigation is mads. If &t is found that the brine

is polluting fresh water, the operator of the lease where the alleged improper disposal

is taking place is asked to cooperate by correcting the situation. If the operator refuses
to cooperate, legal action may be taken. Generally the condition is corrected immediately
and cooperation is assured. Seemingly most oil producers in Kansza do not object to

the disposal regulations. There is littlc evidence of any adverse effect on oil production
in the State.

Penalties for Improper Disposal

Laws that cover various disposal procedures and the drilling of all wells that penetrate
salt-water-bearing formations provide for fines ranging from $25.00 to $1,000.00.

Resume of Brine Production and Methods of DMsposal

Although ofl was discovered in Kansas in 1860 and corimereial production followed scon
(Jewett, 1984, p. 26), little attempt was wade t6 prevent damage from salt water for
many years. This statement can be made in spite of the fact that nearly all known oil-
producing formations in the State contain some brine and in spite of the fact that damage
to land and to water must have been taking place. Undoubtedly in the early days of
Kansas ofl production irreparable damage was done. Nevertheless, fow complaints
were made. As pointed out by the State Board of Health (1956, p. 2), "Land was cheap
and the royalty checks were eagerly sought. " Early Kansas ofl and gas reports made no
mention of brine~disposal problems, but references were made to salt waters as a
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menace to the successful operation of oil wells (Fath, 1521, p. 172).

The time arrived, however, when landowners, city ofiicials, and ofl operators began to

give serious oconsideration to the problems of brine disposal.

The first attempt to curtail and prevent damage to land and water by Kansas oil-field
brines was through the use of surface ponds planned to hold brine. Seemingly it was
assumed that evaporation would take care of the salt water. It was evident that the
evaporation does not remove the dissolved minerals in the water, and furthermore it
was soon found that ponds fllled and overflowed unless they leaked substantially into the
subsurface. Many streams were polluted and probably many fresh-water aquifers were

contaminated from these ponds.

In eastern Kansas, evaporation from exposed water surfaces generally is nearly equalled
by rainfall. Vhere such is the case it is snevitable that ponds into which quantities of
brine are placed will overflow. X is said that operators purposely breached pond levies
in times of high water stages in nearby streams. Such practice, cbviously, was well
taken under the circumstances, as it allowed brines to enter surface waters when the
least amount of pollution would take place. In all probability this practical method of

brine disposal is still taking place in some parte of Kansas.

For some time previous to 1935, the problem of ofl~fleld brine disposal was buflding to

a climax. Litigation pertaining to poliution of fresh water was costly to oll operators and
courts were granting heavy damage penalties. Three things were done by the State
Legislature in 1934 to safeguard water supplies from ofl~fleld pollution: (1) The (1l Field

Section of the Division of Sanitation, Kansas :tate Board of Health, was established, (2)
the Legislature passed an act that allowed the return of brine to subsurface formations



carrying miuereiied waters but not producing ofl, and (3) the Legislature passed an

act that allowed watexflooding of oll~producing formations.

At the present time there are about 1,863 surface ponds in use in Kansas. These
ponds receive an estimated 41,697 barrels of brine per day. There are also a large
aumber of "treatment ponds’’ that are parts of waterflood operations, and these

treatment ponds may be sources of pollution.

About 2, 843 brine injection systems in Kansas arc receiving am estimated 4, 321,001

barrels of brine per day. This includes secondary-~recovery operations.

In 19563, the Ul Fleld Section of the State Board of Health made a detailed study of

brine disposals in an area in Arkansas liiver Basin comprising about one~ilfth of the

oll-producing area in Kansas. The area covered by the study includes some of the

largest and smallest oil flelds, both old and new producing areas and some areas

in which repressuring is being done. All or major parts of Butler, Cowley, McPherson,
ilarvey, Sedgwick, Sumner, itce, Reno, Kingman, Barton, Stafford, and Prait

Counties, and small parts of Ellsworth, Marion, and Chase Counties are tncluded

in the area studied (Fig. 3). According to the Board of Health (1856, p. 6-7), "the

study revealed 852 surface ponds in use; these recelved 47,617 barrels of brine per

day. In comperisom 618, 349 barrels of brine per day were returned to the subsurface

through injection systems. "

The (4l Field Section of the State Board of Health (1856, p. 5,54, and 13) recognizec
that severity of the poliution problem at the present time ''is dependent upon (1) the

amount of brine entering surface ponds; () the concentration of the brines; (3) the
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geology of the area where ponds are located; (4) the amount and proximity of fresh
water supplies in relation to the ponds in a given area; and (5) the nature of the material
between the base of the pond and the fresh water aquifer.” Also it is recognized that
“proper casing and cementing oi...disposal wells is...essential if pollution of fresh
water is to be prevented” and "oil field brines are...corrosive to steel" and "that holes
develop in the tubing set in input wells through which brine is constantly flowing under

high preasure.”

In Kansas, surface ponds used for brine disposal are constructed in areas of widely
varying geologic conditions. In the State, brine is placed, through disposal welis,
into geologic formationsranging in age from early Cretaceous to Cambrian. Requisite
conditions for disposal wells comprise porous rocks that lie below the zone of fresh
water and the depth to these rocks ranges from less than 100 feet to more than 1,000
feet below the land surface. It is noteworthy, however, that the disposal of brine into
shallow formations is not generally recommended.

In 1954~1966 biennium, 201 ponds were eliminated by "pond orders” from the Board
of Health, and in the same beinnium, 1,542 ponds were eliminated by the installation
of injection systems (State Board of Health, 1956, Tables 3 and 4). In the twelve-
month period of July 1, 1656, to June 30, 1967, 123 ponds were: eliminated by pond

orders.



The Board of Health's report (1986, p. 15) states:
This method (subsuriace disposal) is now recognized
as the best method of disposal yet evolved. However,
it is seldom the least expensive nor is it always applicable,

nor have all the physical and chemical problems surrounding A

it been solved.....

Statistics on Brine Disposal

Tzble I contains data on amount of oll-field brine that at present is being handled in
Kansas. Districts, as divided by the Oil Field Section of the State Board of Health,

are shown in Figure 1.

16
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Table 1. - Statistics on oil-field brine production and disposal in Kansas

District No. of Barrels of No. of Barrels of Surface Barrels of
disposal brine re- repressur- brine re- ponds brine rec'd

wells ceived daily ing wells ceived daily daily

oo nonns B08ucirvnnss BAB,088.,.c000 98 csnvisve 106,806..,...8087......5,600
2icevisess 366..,.....466,716......266 ......... 300,610 .....225......6,075
8 coierons 89 000u00es 41,898 ..., 480000, B04,680......087......10,696
B soinsenne Bosivssnonoss BB vovune ™ jiinnnans o BB suves BB v 5000
Boveveosea296 s0vavss 474,192 000000120 000000i00 124,440 ..... 268 .....10,768

8. .'!.0!..“?.!..".1‘589'679I‘Q.‘l Ml.'.“l‘ﬂ 1%’596.'...0346."!..4'551

Toul¢a-.1.783~..... 3,118,961.o...1.“0--.-..o-lgzoagﬂoo...l.ass 00000 41’897
Total wells (including repressuring wellg)~ ~ ~ = - =« = = - -« o mamwa 2,843
Total barrels of brine intoall wells ~ -~ ~« s v v n v v c v v v = v« - -~ 4,321,001

Total barrels of brine disposed daily
(into wells and ponds) - ~ ~ -~ - ~ - ~ Pramausnsbesean e ee



Subsurface Reservoirs

Geologic (stratigraphic) units used for subsurface brine disposal reservoirs in Kansas
are shown in tabular form below (Table II)

Table I - Stratigraphic units used as brine disposal reservoirs in Kansas

Unit used as a brine
Geologic system disposal reservoir Hemarks
Quaternary (None)
Tertlary (None)
Cretaceous Chevenne ss
Jurassic {None)
Triassic (None)
Permian Wellington sh A zone formerly cccupled by

sait, but {rom which salt is
now abaent, and called the
"Lost circulation zone” is used
to some extent; depths from 250
to 1,325 feet. Disposal wells
in Barton, McPherson, Reno,
Saline, and Sedgwick Counties.

Districts 1,23,and 5. (See Fig.1.)



Pennsylvanian

Topeka ls
bouglas group

Lansing and
Kansas City groups

19

Sandstones in this division
commonly are known as "Big
Salt sand” and as "Stalnaker."
Disposal wells are in Elk,
Greenwood, Chautauqua, Wilson,
and Montgomery Counties.
District 3. Depths of disposal
wells about 400 feet.

Sandstone known locally as
"Layton sand"” is a disposal
reservoir. Porous limestone
also is used as a reservolr rook.
Wells are in Barber, Barton,
Butler, Cowley, Elk, Ellis,
Ellsworth, Kingman, Marion,
Ness, Pratt, Rice, iiush, Russell,
Sedgwick, Stafford, and Sumner
Counties. Districts 1,2,3,8, and
6. Depths from 2108 to 4,100 feet.



Mississippian

Silurian
Ordovician

"Granite wash"

(None)
(None)

Arbuckle group

Cosrse detrital arkosic material
resting on and derived from
Precambrian rocks in several
parts of Kansas is called "Granite
wash". Probably mostly where
used as a disposal reservoir,
the deposit is of Pennsylvanian
age. Welis are in Barton, Butler,
Ellis, Ellsworth, Grabam,
Marion, Rice, Hooks, fussell,
from 2,447 to 4,310 feet.

Rocks assigned to this group are
in part of late Cambrian age.
Disposal wells are in many parts
of the State. Depths are from

2,117 to 5,500 feet.
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Cambrian Lamotte ss Heagan s and Lamotte ss are
used as namea of the same rocks.
Wells are in Barton, Elisworth,
Hice, Hush, and Russell Counties.
Depths from 3, 330 to 8, 538 feet.

It is believed that the list of geologic formations that are being used as disposal reservoirs
cannot be increased with safety; and it may be that it will become advisable to curtail
disposal in some formations now being used as reservoirs.

Technical Problems Helative to Brine Disposal

The overall technical problem in reference to disposal of ofl-field brines is of geological~
hydrological nature. Cbviously the overall objective is to dispose of ofl-fleld wastes
with a minimum amount of damage. As stated elsewhere in this report damage that is
likely to result from the bringing to the surface large amounts of salt water almost
entirely fnvolve pollution of fresh water, either surface or subsurface.

All or most of the reservoirs that are being used for disposal are in places fresh-water
reservoirs. Hence, the complexity of problems is evident.
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