
-4 ? 4$&*;.$y - / 4, ';.-:-. 7H 
&letin No. 1-5 

BRINE IN SURFACE WATER 
OF THE LITTLE ARKANSAS RIVER BASIN, KANSAS 

C .  D. Albert 
U. S. Geological Survey 
Quality of Water Branch 

KANSAS STATE DEPARTMENT OF HEALTH 
ENVIRONMENTAL HEALTH SERVICES 

Topeka, Kansas 

October - 1964 



BRINE IN SURFACE WATER 
OF THE LITTLE ARKANSAS RIVER BASIN, KANSAS 

J. Lee Mayes 
Chief Engineer and Director 

Environmental Health Services 
Kansas State Department of Health 

D. M. Culbertson, District Engineer 
U. S. Geological Survey 

Water Resources Division 
Lincoln, Nebraska 

C. D. Albert 
U. 5. Geological Survey 
Quality of W a t e r  Branch 

Environmental Health Semices 
KANSAS STATE DEPARTMENT OF HEALTFI 

Topeka, Kansas 
In Cooperation With 

U. S. GEOLOGICAL SURVEY 
Water Resources Division 

Lincoln, Nebraska 

October - 1964 



CONTENTS 

Page 
I 

uu rlela was te - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Jndestrial waste ----------------------------  4 

Natural salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

Chloride from brine in surface water - - - - - - -- --- --- - - 6 



&+' Page 

gwe 1. Logation of oil fields, sampling sites, and gaging 
stations in the Little Arkanme River basin, 

2 

2. Relation of chloride concentration to water dis-  
charge of Little Arkansas River and floodway at 
Valley Center, 1960 water year------------------- 7 

3. Variation of daily mean water discharge, specific 
conductance, and chloride load of Little Arkamas 
River and floodway at Valley Center, 1960 water 
year-----------------------3--I- .C.--L---r--C-C.-- 9 

4-5, Relation of specific conductance to chloride con- 
centratiorm: 

4. Lime Arkansas River and floodway at Valley 
Center, 1960 water year---------------------- 10 

5. Turkey Creek near Buhler, 1960 water  year - - - - 11 

6. Average sodium-chloride ratios for low flow 
samples from the Little Arkansas River basin, 
1960 wateryear---------------------------------  14 



iv. 



C. D. Albert 

Abetract 



The natural environment in the Little Arkansas River basin has 
been altered within the past 40 years by surface storage of oil field 
brines, The brine from oil field development from solution of natural 
ealte, and possibly from industrial waste, contributes dissolved solids 
to ewface water in the Little Arkansas River basin. Information on 
the characteristics, amount, sources, and areal distribution of brine 
is useful in predicting water quality trends and in planning water' re- 
sources development. 

Previous hydrologic investigations in the area include those by 
Williams and Lohman (1949) on ground water,  by Jones (1945, 1950) 

I 
on oil field pollution control, and by Rall and Wright (1953) on com- 
position of oil field brines. The Wichita Water  Department has been 
collecting water quality data in parts of the basin since 1952, and, in 
cooperation with the city of Wichita, the U. S. Geological Survey collecte 
data on chlorides in surface water duringthe 1980-61 water years. An 
automatic conductivity recorder was installed about June 196 1 by the 
U. S. Department of Health, Education, and Welfare on t4e Little Arkan- 
sas River at Valley Center. Data on brine storage amounts and on 
the location of storage ponds were  furnished by the Kansas State De- 
partment of Health. 

" a3 Field waste ? -. I' I '. 

., 

Major oil pr  began in 1914 in the w&lch-!! 
area of Rice and McEhVson counties; since then 16 $$ 

4 mUliob barrela of a i l  4 
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water aquifers. The totd number of holes that have been drilled has 
not been determined; however, probably only about 10 percent pro- 
duced oil. 

General statutes on oil field abatemest were enacted irz 1935 
by the Kansas Legislature and were revised periodically through 1957. 
During this period, pollution problems became well  defined and brine 
control methods w.ere developed (Jones, 1945, 195 0). The chloride 
concentration of brine,, which can be determined readily by titration 
in the field and the amount of brine produced were used as a basis 
for enforcing deep disposal. 

t Major oil production in the Little Arkansas River basin is from 
rocks of M i s s i s  sippian and l o r  Ordovician Age. The associated brines 
have high concentrations of dissolved solids, with chloride as the 
principal anion. Rocks of Missis sippian Age produce brine having 
about 6 percent chloride by weight, ,whereas total dissolved solids 
are- about 1 1  to 6 percent by we3ght, respectively (Rall and Wright, 
1953). 

An estimated 15 million tons of chloride was pumped to the sur- 
face in basin oil operations in the period 1924-62. However, because 
large amounts were released and flushed during heavy rainfalls, the 
amount of cldorides retained as evaporites probably was only about 
1 million tons. These estimates were  made after discusping early 

I operation procedures and disposal methods with various people associ- 
ated with the oil industry. 

Brine monitoring showed ,that about 320,000 tons gf &@ chloride 
was placed In surface pond6 %z the basin during 1945-68 #?a& 2). 
The annual rate of &aside stored in sur£ace ponds- 
as a result of control rneasureB, from an average o 

I during1945-62toahout1,400tonsdurfng1962. 
measures have been established and disposal me 
com~lete elimination of storage rsarrda ie unlikelv. ? 

.Industrial Waste  

Water pollution from industrial waste is ~m 
t of waste releases into Tur 
y investigated. Near @an= 





pumped water). Saturated brine solutions are stored in sealed surface 
pits and are circulated into the "jugs" to, force hydrocarbons to the 
surface. Suck pits may be a minor hazard; one failed on May 18, 1960, 
and allowed brines to flow into Blaze Fork Creek. 

Natural Salts  

The Wellington formation of Permian Age, which crops out in 
some areas and underlies much of the bas*, contains salt beds. In 
the western part of the basin these salt beds are now overlain by ex- 
tensive alluvium but were previously at or near the , eroded surface. 
The water in many domestic wel ls  that are drilled into the shale 
sections of the Wellington has as much as 700 pgm Cparts per million) 
of chloride, Therefore, the inflow of ground water from the Wellington 
and runoff from the outcrop of that formation contributes some chloride 

CHLORIDE FROM ERNE IN SURFACE WATER 

Durhg.tbe -1960 qnd 196 1 water yeara, data m, 
tration and an we&£& cdndi3stance (a general 

the Little. -'at 
Valley Center, p e e i d i k a l l ~  for Turkey Creek 
during low flow periodrs selected reaches af 
A f e w s a m p l e s w e r e ~ y z e d f o r o W e r d i s s o J v ~  

Chloride concentration8 show a wide range 
discharge at Valley C a t e r  (Fig. 2); hewmr,;  
ueually less than 250 ppm, which is %he upper. 

unusually high concentratioas on May 2s-2 
failure of the bsine pit m a  
load of about 2,700 tons of 

The amount &d intensity of rahf&,tbhq&@$-;md"6hemkcsl qaG 
of ground water W o w ,  a d  ih4 ard.tolii$k@&o&ies are factQ& 

, &at together datermine the ape;cific c s a z d ~ t a ~ ~ a n d  chlar1de &,&a U- I .  
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or w e  river water. Although the chloride concentration at Valley 
Center decreases during periods of increased water discharge, the 
decrease in concentration is proportionately less than the increase - - 

in water discharge and, therefore, the chloride load is actually 
greater during such periods. The variations of specific conductance, 
chloride load, and water discharge for the 1960 water year are shown 
in Figure 3. 

The relation af specific w n d w h ~ a  &%&ride concentration 
(Fig, 4) shows that as cmduetagce ride cancentra- 
tion incsea~es at a slightly higher rat 
of low flow and high conductance, Vae 
slightLy higher percentage of the total di axlids than during 
periods ~f higher flaw at Valley Center. I 

I 
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Little Arkansas River at Valley Center is, a 

potential chlor 
and natural salt in the basin, The methods 
and the period of -tiine involved, however, 

from the basin, whereas the contribution from 
probably remained about the same. 

Brines may be distinguished on the basis 

the ratio for oil f ield brine in. the Little As 

collected during, the 196 0 water year at VaUe 
5 5 / 100 '.to 68 / 100. The range, indicates con- 
field w'astc and natural salts. 

Points 1 aqd 2, 


















