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ABSTRACT

The Arkansas River is subject to many types of pol-
lution downstream from the Oklahoma-Kansas State
line, and its inferior quality together with its erratic
flow pattern has caused it to be largely abandoned as a
source of municipal and industrial water supply. Cur-
rently, the Arkansas River is not directly used as a
source of public supply in any part of the basin in either
Oklahoma or Arkansas.

In general, the chemical concentration of the river
water increases downstream from the Oklahoma-Kansas
State line to Tulsa because of tributary inflow from the

Salt Fork Arkansas River and the Cimarron River,
both streams being sources of large amounts of natu-
ral salts and industrial wastes. A decrease in concen-
tration of dissolved solids is noted downstream from
Tulsa due to tributary inflow from the Verdigris,
Neosho, and Illinois Rivers; another increase in con-
centration occurs with tributary inflow from the Cana-
dian River, which is largely oilfield wastes. A pro-
gressive decrease in concentration is noted as the
river flows through Arkansas to the Mississippi River,
because all major tributaries below the Canadian River
have a dilution effect upon the chemical concentration
of the Arkansas River water.
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4 CHEMICAL QUALITY CF WATER, ARKANSAS RIVER

Proposals for storage and regulating reservoirs on
the Arkansas River in both Oklahoma and Arkansas
have been made by the Corps of Engineers and others.
Additional proposals are being considered in the pres-
ent Arkansas-White-Red River Basin Inter-Agency
Sub-Committee studies. If constructed, these reser-
voirs will provide an opportunity for control of flow
and beneficial use of Arkansas River water both at and
downstream from these sites. Impoundment alone will
greatly reduce the extremes in water quality, and by
reasonable control of municipal and industrial wastes,
the water at some points on the river would be com-
parable in quality to many existing municipal and in-
dustrial supplies in the basin,

INTRODUCTION

Purpose and Scope of Report

The U. S, Geological Survey has carried on a pro-
gram for the investigation of the quality of water re-
sources in cooperation with the States of Arkansas
(since 1945) and Oklahoma (since 1946), This program
has included the collection of data in the Arkansas
River basin which embraces about two-thirds of the
area of Oklahoma and about one-fifth of the area of
Arkansas. Results of these investigations in the re-
spective States are published annually by the States of
Arkansas and Oklahoma and are also included in the
series of annual Water-Supply Papers of the U, 8.
Geological Survey, “Quality of surface waters of the
United States. ” This report presents a summation of
data collected under these cooperative programs in the
Arkansas River basin and an evaluation of the effect of
tributary inflow on chemical quality of the Arkansas
River.

In Oklahoma, during the period from October 1946
to September 1952, daily records of chemical quality
were collected at six locationson the Arkansas River
and at 22 locations on its tributaries. In Arkansas,
during the period from October 1945 to September
1952, daily records were collected at three locations
on the Arkansas River and at three locations on its
tributaries. Figure 1 indicates the locations of these
34 daily sampling stations. Figure 2 indicates the
years of available records for the nine stations on the
Arkansas River and on the Cimarron and Canadian
Rivers, the two most important tributaries insofar as
the effect on the chemical quality of the water in the
Arkansas River is concerned. It is important to note
that these records were not collected for the specific
purpose of evaluating the quality of water of the Ar-
kansas River, but rather as part of a general evalua-
tion of the quality of water resources of Oklahoma and
Arkansas. Hence, there are current deficiencies in
records necessary for full evaluation of the quality of

the Arkansas River. These areas where further study
seems to be worthwhile will be pointed out along with
the areas where present information seems adequate
to support reasonable conclusions.

Personnel and Acknowledgments

The cooperative investigations of water resources
in the States of Arkansas and Oklahoma on which this
report is based were conducted by the Water Resources
Division of the U, S. Geological Survey, Carl G.
Paulsen, Chief Hydraulic Engineer, Investigations of
water quality were under the general supervision of
S. K. Love, Chief, Quality of Water Branch.

The program in Arkansas was carried on in cooper-
ation with the University of Arkansas Engineering Ex-
periment Station, Dr. W. W, Grigorieff, Director;
the program in Oklahoma was in cooperation with the
Division of Water Resources of the Oklahoma Planning
and Resources Board, Ira C. Husky, Director, and
the Oklahoma Agricultural and Mechanical College,
Division of Engineering Research, Dr. Clark A. Dunn,
Executive Director.

Geological Survey offices contributed information
used in parts of the report and the assistance is ac~
knowledged of S. K. Jackson, District Engineer, Okla-
homa City, Okla,; John L. Saunders, District Engineer,
Fort Smith, Ark.;S. L. Schoff, District Geologist,
Norman, Okla.; and Roger C. Baker, District Geolo-
gist, Little Rock, Ark.

ARKANSAS RIVER DRAINAGE BASIN

Location and Extent

The Arkansas River and its tributaries drain an area
of 160, 640 square miles in parts of Colorado, Kansas,
New Mexico, Texas, Missouri, Oklahoma, and Arkan-
sas. Of this total, about 44, 800 square miles lie in
Oklahoma and about 12, 100 square miles in Arkansas.
Thus, the area included in this report comprises about
35 percent of the drainage area of the Arkansas River,

The principal tributaries of the Arkansas River
downstream from the Oklahoma-Kansas State line are
the Salt Fork Arkansas, Cimarron, Verdigris, Neo-
sho, Illinois, Canadian, and Poteau Rivers in Okla-
homa and Mulberry River, Illinois Bayou, Petit Jean
Creek, Fourche La Fave River, and Bayou Meto in
Arkansas, The following table lists the drainage area
and average discharge for these tributaries, during
the period October 1946 to September 1952, at loca-
tions near their junction with the Arkansas River.
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Drainage area and average discharge of principal tributaries to the Arkansas River in Oklahoma and Arkansas,
October 1946 to September 1952

. Average discharge for water year
Drainage (acre-feet)
Stream and location of measurements area
(sq mi) 1948 1949 1950 1951 1952
Salt Fork Arkansas River at Tonkawa,

OKla.iieiieieenesrranannnns teesseserseessvansesanan 4,528 1,720 1,510 4,640 1,120 3,560 1,040
Cimarron River at Mannford, Okla,, . 18, 849 3,460 2,410 5,210 3,390 |.iaee
Verdigris River near Inola, Okla........... 7,911 8,920 10, 120 11,330 8, 400 12,880 7,220
Neosho River near Wagoner, Okla.......... 12, 307 16, 930 18,870 |ieeiiireneeee] aeseennneneed 27,960 14, 850
Illinois River near Gore, OKla......c.ceev... 1,622 3,810 3,510 4,370 5, 080 2,870 2, 320
Canadian River near Whitefield, Okla.,... 47,576 17, 850 12, 700 15, 840 19, 760 9,110 5, 200
Poteau River near Wister, Okla............. 1,012 3,270 2,070 2,900 3,210 1,710 2,180
Mulberry River near Mulberry, Ark....... 372 1,330 831 1,540 1,730 1,050 1, 480
Illinois Bayou near Scottsville, Ark,....... 242 |iiiiiiiinnens 668 1,020 1,370 607 1,070
Petit Jean Creek at Danville, Ark.......... 741 1,230 1,690 2,130 2,910 1,110 2,230
Fourche La Fave River near Nimrod,

FL S o N 680 1,190 1,780 2, 340 3,160 1, 140 2, 460
Bayou Meto near Stuttgart, Ark............. 560 664 1, 440 1,550 2,530 1,070 994

Physical and Geologic Features

The Arkansas River enters Oklahoma at the northern
boundary near Newkirk, just east of the 97th meridian,
crosses the State in a southeasterly direction, flows
past Tulsa, and enters Arkansas at its western bound-
ary near Fort Smith, north of the 35th parallel. The
river flows in a southeasterly direction past Little
Rock near the center of the State, and empties into the
Mississippi River east of Dumas, Ark,, west of the
91st meridian,

Oklahoma

The Arkansas River flows across alternating beds
of sandstone and shale of Pennsylvanian age totaling
several thousand feet in thickness. The shale beds
predominate and generally are dark in color. The
sandstone beds are fine to medium in texture and
brown in color. Most of these rocks are carbonifer-
ous to a degree. Included are at least seven beds of
workable coal, ranging in thickness from 2 to 6 feet,
and ranging in character from bituminous to semian-
thracite. Petroleum and natural gas are found through-
out the basin, except in the northeastern part.

From about the longitude of Muskogee eastward, the
river flows through the major physiographic division
known as the Interior Highlands, which is divided into
the Ouachita province on the south and the Ozark
Plateaus on the north. The river is in the Arkansas
Valley section of the Ouachita province. The highest
ridges rise more than 2, 000 feet above sea level and
as much as 1, 500 feet above the valleys. The bedrock
is of Pennsylvanian age; well-indurated sandstone
forms the ridges and gray shale forms the valleys.

North of the Arkansas Valley section lies the
Springfield-Salem plateaus of the Ozark Plateaus
province. The rocks underlying this portion of the
State belong principally to the Boone formation, a
series of chert and limestone beds of Mississippian
age, The maximum height of the hills above their

bases is about 400 feet, and the average is about 250
feet, Solution of the limestone bedrock has resulted

in an underground drainage system, and springs abound
in the valleys.

From about the longitude of Muskogee westward to
the Oklahoma Panhandle, the drainage basin of the
Arkansas River lies in the Central Lowland province
of the major physiographic division known as the In-
terior Plains. In Oklahoma this province includes the
Osage Plains section. From about the longitude of
Shawnee eastward, bedrocks of the Osage Plains con-
sist principally of shale and sandstonewith a few lime-
stone beds. The average dip is westward and ranges
from about 30 feet to the mile near the Kansas border
to about 60 feet to the mile in the southern part of the
region. The surface slope is southeastward, and the
relief is rarely more than 300 feet. Extending west-
ward from Shawnee for a distance of approximately
100 miles is the part of the Osage Plains known as
the redbeds plains region, which consists of soft red
shale and red sandstone, Over most of this area the
height of the hills above the streams is not more than
100 feet. West of the redbeds plains region and ex-
tending almost to the Oklahoma Panhandle is the Gyp-
sum Hills region of the Osage Plains. This region is
similar to the redbeds plains region except that the
weathering of gypsum beds has produced a somewhat
more rugged topography.

The major part of the Oklahoma Panhandle is in the
High Plains section of the Great Plains Province, and
is on the monocline sloping eastward from the Rocky
Mountains. The extreme eastern part of the Panhandle
is in the Plains Border section, which is transitional
between the High Plains and the Central Lowland. The
High Plains consist mostly of loose sand, clay, and
gravel of Tertiary age.

Arkansas

The part of the Arkansas River basin from Fort
Smith to Little Rock lies in a major physiographic
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ARKANSAS RIVER DRAINAGE BASIN

province known as the Interior Highlands and the part
below Little Rock is in the West Gulf Coastal Plain.

In the West Gulf Coastal Plain area the Arkansas
basin is less than 30 miles wide and generally less
than 250 feet above sea level, The relief is low with
with indistinct stream divides, The unconsolidated
deposits immediately underlying the basin consist of
clay, silt, sand, and gravel of Tertiary and Quater-

nary age.

In the Interior Highlands area, the Arkansas River
basin is as much as 85 miles wide, and it lies in the
three subdivisions of the area. The northern part of
the basin is in the Boston Mountains. The Boston
Mountains. consist of a dissected plateau with moun-
tain summits standing from 1, 850 to 2, 250 feet above
sea level and rising from 500 to 1, 300 feet above the
adjacent valley areas. The southern part of the Ar-
kansas River basin is in the Ouachita Mountains,
These mountains consist of long, generally eastward-
trending ridges having altitudes of 1, 500 to 2, 000 feet
above sea level with linear valleys having altitudes
from 400 to 1, 100 feet, The bedrock of the Interior
Highlands province consists of shale, siltstone, sand-
stone, and some coal of Paleozoic age. In the Interior
Highlands area the Arkansas River flows through a
broad valley known as the Arkansas Valley. The Ar-
kansas Valley trends eastward and is from 30 to 40
miles wide. The valley consists of: flat alluvial areas
which border the Arkansas River and are only a few
feet above it; terraces with flat to gently rolling sur-
faces that make up a considerable part of the valley
area; asymmetrical, generally eastward-trending
ridges that stand from 600 to 1, 000 feet above sea
level; and flat-topped mountains, 1, 800 to 2, 800 feet
above sea level. The alluvial material in the bottom
lands bordering the Arkansas River consists of clay,
silt, and sand. The terrace deposits mostly consist
of a drab loesslike silt, although sand and gravel de-
posits occur at some places, particularly on the ter-
races along the tributary streams near the mountain-
ous areas,

Climate

The Arkansas River basin has madny local variations
in climate with an increase in precipitation in down-
stream areas and with large ranges between annual
maximum and minimum temperatures and amounts of
precipitation. For the period 1910 to 1949, U, S.
Weather Bureau records show that the average annual
rainfall ranges from about 15 inches in the extreme
western parts of the basin to about 50 inches near the
mouth of the Arkansas River. Figure 3 indicates an
average annual rainfall range on the Arkansas River in
Oklahoma and Arkansas of from about 30 inches along
the Oklahoma-Kansas border to slightly over 50 inches
at the mouth., The following table, taken from U. S.
Weather Bureau records, shows climatic conditions
at some locations along the Arkansas River in Okla-
homa and Arkansas.

Climate records of four towns in the Arkansas River basin
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Streamflow Records

During the period from October 1946 to September
1952, the records collected by the U. S. Geological

Survey for the Arkansas River show a wide range in
streamflow characteristics as indicated in the follow-
ing table.

Discharge at some gaging stations on the Arkansas River below the Oklahoma-Kansas State
line during the period 1946-52

Daily discharge

Drainage
Location areag (acre-feet)
(sq. miles) Maximum Minimum Mean
Arkansas City, Kans, 1 43,713 119, 800 397 6, 640
Ralston, Okla..... J 54, 465 255, 900 555 14, 800
Tulsa, Okla........ 4 74,615 295, 500 647 19, 150
Van Buren, Ark.... . 150, 483 765, 600 4,721 77,060
Dardanelle, Ark......... . 153,707 753, 700 6,050 87,290
Little Rock, ArK......ccoevee.ed 158, 201 704, 100 6,426 99, 390

The average annual runoff! for Oklahoma for the
period 1921-45 was 18, 700, 000 acre-feet of which,
11, 100, 000 acre-feet was contributed by the Arkansas
River drainage basin in Oklahoma, For Arkansas dur-
ing the same period the average annual runoff was
46, 300, 000 acre-feet of which 8, 600,000 acre-feet
was contributed by the Arkansas River drainage basin

lThis gaging station location is just above the Oklahoma-Kansas State line in Kansas.

in Arkansas.

The changes in chemical quality of the Arkansas
River are discussed on the basis of arbitrary division
of the river into three segments: Oklahoma-Kansas
State line to Tulsa, Tulsa to Van Buren, and Van
Buren to Little Rock, These divisions correspond
roughly to the major changes in chemical quality as

CHEMICAL QUALITY

influenced by tributary inflow,

The units in which data are presented and other
terms used in this report are defined as follows:

Cubic foot per second (cfs) is the rate of discharge
of a stream whose channel is 1 square foot in cross-
sectional area and whose average velocity is 1 foot

per second.

An acre-foot is the quantity of water required to
cover an acre of land surface to the depth of 1 foot
and is equivalent to 43, 560 cubic feet, The term is
commonly used in connection with storage for

irrigation,

Drainage area of a stream at a specified location is
that area measured in a horizontal plane which is en-
closed by a topographic divide such that direct sur-
face runoff from precipitation normally would drain

lLangbein, W. B., and others, 1949, Annual runoff
in the United States: U. S. Geol. Survey Circ. 52.

Definition of Terms

by gravity into the river basin that lies above the speci-
fied location. Areas of drainage basins given herein in-
clude all closed basins or noncontributing areas within
the area.

A part per million (ppm) is a unit weight of a con-
stituent in a million unit weights of water. One part
per million equals one ten-thousandth of one percent
(0.0001),

An equivalent per million is a unit chemical combin-
ing weight of a constituent in a million unit weights of
water and is calculated by dividing the concentration in
parts per million by the chemical combining weight of
the constituent,

Percent sodium is computed by dividing the equiva-
lent per million of sodium by the sum of the equiva-
lents per million of the cations (calcium, magnesium,
sodium, and potassium) and multiplying the quotient
by 100,

A weighted average analysis represents approximate-
ly the composition of water that would be found in a
reservoir that contains all the water passing a given
station during the year after thoroughly mixing in the
reservoir,

The Geological Survey’s water year is the period
from October 1 to September 30 of the succeeding
year. Water year 1952 is the period from October 1,
1951, to September 30, 1952,

Pollution, as used in this report, defines conditions
in which the mineral concentration of water exceeds
acceptable limits for a particular use. Artificial pol-
lution refers to conditions which have been manmade,
and natural pollution refers te conditions over which
man has no control, such as natural salt deposits.

Collection and Examination of Samples

Samples of water for chemical analysis were collec-
ted daily at sampling stations shown in table 1. Specific



CHEMICAL QUALITY

‘wdd 5,0 "0 sem papiodas uoioq WRU N,

1°8 008°1 89 00T 903 LT°T 898 8°¢ g9¢ 02 631 0 103 o1 8¢ 2661 ‘P2 ABW ‘wmumin
8L 003 ‘7€ 8L 096 ‘€ 080 ‘¥ 9%'0e  |00%°23 |7 109°2I| ¥82 | ¥8 0 06% ‘9 283 0sT‘tT *+*Zg6T ‘07 "ides ‘wmmIXEW
ZG6T Te94 193EM * “BPIO ‘PICJUWEIN I JOATY UOLrRWNID
8L 796 €9 £6 291 L 89¢ 0%2 44 ¥8 0 141 1 Ly 1961 ‘0T, deg ‘wmwmin
28 002 ‘02 88 00T ‘T 0821 89°LT 000 'St 000°‘L | 0€9 | €12 0 ove‘y g0t gee [t 1661 ‘8 "Wy ‘ummxep
. B0 EDIO ‘PIOFIREI 38 PAR ©
Tl 09Ty 6L o1e 8€¥ 002°TT | 63°€ 02%‘2 [T°g [*oeeer] 083°T | 961 | LSt 0SL 0e 931 LOL'T 3eioae poIYBOM
09T ‘T gL 8 091 oLe‘e | 10T 6L 6°'T 26 0 961 1t 9% 06L°1 0861 ‘61 ‘2T AMf ‘umupuyy
008 ‘9T 8 088 ‘T OTL‘T [088°C | 82'%T {00S‘0T |g°E 09t 0 068°¢ 98T 09% LET 0S6T ‘-2 ABW ‘mmuwixep
¢} W I8 RATY Lo ]
008 ‘T 8¢ z61 1L8 03T | Ly® 080T 0ge w02 | 613 073 62 10T L9Z'¥ a8eiont payyBom
267 0% ¥9 321 oLL 9T | 2¥* 608 9L Ly 76 0 W [ o 00T ‘02 *e*ee3G61 ‘L dunf ‘wmmrmipy
02 ¢ ) 9ve 957 020°L | 3L°2 000 ‘2 216 212 | et 0 9€8 8¢ 031 008'T ***°2g6T ‘I '3ny ‘wmuxew
I33em ‘RO ‘uolsTeY B JPARY SesuwyIy
166 98 6 ¥13 05¥°'03 | 18" €689 $LT TIT | opT [ *oeeee €21 ST 19 0LL ‘3T a8eiaAe PaIYBIoM
spe 14 144 06 08L‘LG | 83" 803 44 7€ 28 0 »e 2L %3 008 ‘20T 1661 ‘L1~ST AW ‘umwrupw
0L0 'Y 1L 89¢ 288 02T ‘ST | #b'¢ 0882 080°T | 182 | 092 0 L99 8% #51 sresestee] OZET | TeteetteteesttttrgeT ‘¢ WE ‘WMUUEXBN
TGET a4 J)BM ‘eDIO ‘UOISTEY IE JPARY SESUBNIY
06T ‘T 09 80T 082 006°3T | 86° 20L T8 || o092 80T | 6p1 | 091 91 99 618'9 esesessssseeaerone paNBoM
88¢€ 114 0% 901 001°ST | €€° [ 154 13 80T 0 €8 3°g 4 0G€ ‘63 0961 ‘33-13 Am[ ‘wnwrmgy
03t ‘e 69 8ge eLy 088°‘9 | 682 09L ‘T o8l eez | got 0 LLY 1% 231 [0 S **t086T ‘9T ABW ‘wnuxew
0861 1@quandag 03 0gET ATenue( * “BPO ‘UOIS[EY IE JOATY SESUBNIY .
8T¥ (114 62 611 3 ¥e 62 60T 0 Le %9 Le ! 16T ‘0€~63 "3y ‘umwrmiy
0L9°2 8¢ 89¢ $98 ¥2'2 44 Lve | 682 0 69¢ 54 26t _ TG61 ‘93 '$2-23 "qo4 ‘wnwixew
TGET 1e24 393BM * "EDIO ‘A3 MEY 1T IaATY SESUBIV
€83 0g 4 76 13 102 83 92 ¥l 66 0 81 £°g 63 0861 '16-92 AP ‘wnuruny
08T ‘¢ 99 LLE L1e 54 06L'T | ¥'8 >l 6L 68z | TLT 0 89% [ €81 oo 0861 ‘08-63 'idy ‘umwixep
0GBT B34 J23BM ‘ "EPIO ‘AIID MEY 1B JOATY SESUBIY
168 (44 33 o1t ceeeerer | g 134 0°g ["meer | 69 92 76 0 Le L9 €8 ] 6¥61 '02-F1 "u[ ‘ummpmmpn
PSP AN N N S [ttivod DO I« DU 0. ottt (- OO B4 B L T e s TYT 0TAT ol e
6V6T Teo4 J23M *“BPIO ‘ANID MEY 3T JOATY SESUBIY
.
06L ‘T 66 eLT $9¢ 019'¢ | 8%°1 154 Y3 | $85 [t €73 83 00T L06 ‘T Selone payBrom
[ 298 LS gg . 081 080°S | 89" [ 00T | 28T 0 (441 2T 29 98L ‘¢ TG6T ‘0T~T '300 'GMUWIIIN
z'8 089'2 68 962 19¢ 0%v'c | 81°2 08S e1e | €3¢ 0 eLe 52 pe1 6831 196T '€3~33 ‘03 ‘wnuwinxep
ZG6T Je2A Joyem ¢ “suey ‘A {1V 18 A1y Y
(0.2 ae [umpouBew| Aep |[31co0j-a10e | worqriux
3 -uoqeed | ‘wmpore) | sod 1od sed  {(SON) (fooH)| (f02) | 1) (s30)
Hd | soywosdpw) | wngpos| -uoN suo], suoL, ased |aen| () (19) | (%0s) | 21euoq | ayeuoq| wmis | (eN) (3) () | (33) [ Gors)|e8reyosip womveIod Jo 238Q
3DUBIONPUOD | JuadDIAg -IN | 2P 11| eprioryD| 23eyms| -reorg| -1e) |-serod | wmipog | wmisauBew jumiored| woy | eotRg| weaw
oyroadg €0D®D se ssauprey SpI[Os paafosstd

[uorriw Jod syred up sesAreue reEOTWaYD]

*3S-G¥61 ‘sesATeur jo Arewmng— ‘1 3[qEL



CHEMICAL QUALITY OF WATER, ARKANSAS RIVER

10

e 63€ 63 20T 20v'9  |° 232104 POTSPM
¥LL L3 oPT'T 3L°'0 68 (Ve 2 Dootatautell R 4 48 91 0 0T 8°3 7°9 Q3L 'Y 8H6T ‘L~C ..N uef ‘wnuIaiy
e 0L9'6 09T ‘T 0°'L 099‘¢ | Lk 81T 0 €08 °° *LPL ‘T "I00 UmuWIXe
86T B2k Jarem ‘BP0 ‘PIPTAITM JBOU JOATY UEIPEUED)
00T°T 861 v°3 8L3 W 101 1668 Sesore pargdom
184 1433 0I8°T 630 013 0°g [°*Utt ) 88 03 14 0 L& 8°L 33 eeeesee) 89T ' *LP6T ‘LI-6 oun{ ‘mmnurpiy
8T 0°3 000°€ | 96 k448 0 0$8 ‘I **LP6T ‘TZ 'TEN ‘IWnWIXBN
LP6T Teak 107em ‘ "EDIO ‘PIPTAIYA IEoU I2ATY UBIpEUED)
88 44 0s Wi 8p° F44 0°¢ Ly 91T 0 9L 8°L 94 “6v6T .muu.am 'qa] ‘umururry
028 °2 L9 092 yov 26°T OIP‘T | 0°€ 86T 9LT 0 LLE 63 Wi *°8F6T ‘9 'AON ‘uUmUIpXeW
6761 TEoA JEM ‘"EPIO ‘STTE] $199QOM I IATY 15V
8€8 98 St €81 89" SLy 0°9 86T 8L (448 0 (e o1 LS coaeees) st HET ‘L3 ‘SE ‘33 AP ‘umwmiy
019'% 9L 9% »e9 0% 060°€ | 0% | el 0TE T LEY (484 (] €16 0S aLT 8P6T ‘0T ‘6-T 030 ‘umurixew
6V6T J824 JgEM ' “EDIO ‘AQXIY F8 IPARY SESUBNIY
et 0963 L la.d 80% 083'S3 | ¥£°2 PeL 961 | €03 "t £9% 43 TIT  fomeee 2825048 palqBIom
L°L 0% ‘T 99 8 Z6T oLe'se | g6- 893 L €eT 0 3LT ¥l ¥ oranees ZG6T ‘8-¢ ounf ‘wnurmmiy
€8 088 ‘¢ 6L (594 06S 0808 IL°% 069°'T | 643 | 8ST g 0301 28 181 coassesy seseses] 098 °Zg6T ‘v adog ‘wmumixew
PO ‘esn], sesu o8puq sBundg pueg e IDATY SesSUBHIY
i 088 °T L9 95T 82 0BT 'SP | 9%°T (44 4 6E1 21 S M 0Lz 14 18 039 ST a8esone pawBrom
vL 89 98 8€ 8eT 003 ITE| 2¢"° a1t €9 131 [ 18 L°6 6€ 00L ‘80T **1g6T ‘ST-LT A ‘wmumpuin
08 098 ‘s 6L 15 4 609 000 ‘€¥T 08°% OFL'T | ¥12 | 602 0 0€0°T a4 QLT 000 ‘ST *TG6T ‘ET AeW ‘wnurpxen
I9em ¢ epiO ‘estn], feau o8puq sfuridg puBg 18 JI3ATY SesuBNIY
0803 TL 991 262 003°'0E€ | €9°T €38 38T 41 63€ 03 ¥8 **a8eiane pajyBlam
16€ ¥ 03 (489 000°t€ | 36" 4 8T (433 0 9¢& L] 98 ****0G6T ‘03-8T AT ‘umuwrumiy
006 ‘9 8L 629 9LL 00€°LE | ¥S°S 0ST ‘'z | 808 | 08T 0 0931 29 603 **0G6T ‘T "TEN ‘umwpxew
0867 Joquaydag 03 0geT Arenuef *“epiO ‘esmn], Jesu o8puq sSuwdg pues 18 JARY Sesuery
TLL 49 9 691 006°TL} 09° i 44 0°g |*oree ] gt 6L 148 0 g6 g6 28 ‘86-17 ‘93 AT ‘mnuwuipn
0vE ‘¢ 6L 818 369 003°'9% | 6€°% 083°€ | 073 [+ 0ZL'T | 683 | 06 0 000°T 18 €s1 *8P6T ‘0T-T '0°Q ‘umuIIXeW
V6T Tedh Jojem ‘ epiO ‘esm], feou a8puiq sBundg puBg 3B IIARY SESUBNIY
L36 29 90T 081 008°¢2} 9L° 9¢¢ (54 88 16 0 geT (128 9g 000 ‘LT 8761 ‘ET-3T "Bny ‘umuwpupy
08E ‘9 LL 179 96L 00%°6 | ¥¥°S 000 ‘¥ 00T '3 | 9L | B0% 3t 033 ‘T 9g L33 0L8 “*8P6T ‘p-1 "q2d ‘wmuurXepy
8961 Teah IojEM ‘BP0 ‘eSTRL Jeeu a3puq sBunds puES 3¢ ARY seSUBIY
0LE .N eseccssesef cesesnreee e T € () 991 [ci23 sonesens 960 .w essnerenBoTIAE Uvﬂ—wmﬁs
3Ly 90T 0 ST3 SL 0 0 006 ‘€T LP6T ‘2 ATy ‘wmumimipy
008 ‘ST 083 T S°0 080‘s | 088 | 6L 0 080 °T “9¥6T ‘TT "3190 ‘WMNIXEBA
L¥P6T Ieak Io3em ‘-epi0 ‘es[n] Jeau a8puq sBupdg puBS I8 JIARY SesueNIy
(0,93 22 |umpouSew| Aep |3005-230¢ | uOHTIWY
® |-uogqreo | ‘umpore) | sod 1d d |(foN) . oH)| (o2) | G1) (g9)
Hd | soquioroym) | amipos | -uoN suo], | smoy, sueg | a1en | () (10) | (os) |eremoq[aremoq | wmis | (eN) | (Bw) (22) | (1) | (o1s) [pSsenosm uonoaTIoo Jo 212Q
20UBIONPUOD | JuadIag -IN | opuongq|spuoryd|sreyms| -aeorg| -ren |-seiog |umipos | umrsouBep|ummrey| uody | eoris | weaw
oyroadg f00ED se ssouprey SPIIOS PRATOSSIQ

panunuo)—3g-GyeT 'SesATEuE Jo Aremrumg— T S[QEL



11

CHEMICAL QUALITY

€s |sL 281 028°8S [ #9° yLy 6¢ 93T JUoeenees 96 a4 8¢ 096 ‘¥ cesssereetsraBRIoAe PAYBOM
9°L e |oe 331 000 ‘0TT| 63" 913 1€ fan s 0 9% [ 8€ 00L ‘88T 16T ‘L3-gT Am{ ‘umwmury
v'8 69 [ote 9LY 0LO‘PE | LE'2 ovL'T ger | 161 9 8y ce geT £92°L 16T ‘ST-TT "wef ‘wnwiixew
1661 Iead Iojem Y .ﬂw.-:m UBA JE JIATY SesueyIy
ve oL 091 008°'0¢ | 39" 1344 W OTT | *oveoe| **"| g6 8¥ 8y 029 1% Besoae paryBom
8y |g¢ 90T 000 ‘LST| 98" v92 6T 68 0 oF L'g €8 Q0L ‘TET | *****=+*=***qGpT ‘0Z-TT ABp ‘mmuirmy
89 |8L2 8T¥ 006 ‘08 | ¥0°2 008°T 13T | TLT 0 00% 63 031 0€9°L 6¥61 ‘$2-13 '93Q ‘UMWIXEW
3894 IejeM ‘MY ‘UsMg UBA 1B I9ATY SESUBNIY
09 18L oLt 00L°'39 | OL" yIg €'e €9 It [ et oom jas 0g 08T °S¥ Besae pasyBom
| oL oLL'TL | 88" 192 %% 8T 08 0 ov 9°g 6T 008 °0TT| * 6¥61 ‘T6-67 "Ue[ ‘WRWMIN
288 09¥% ‘¥ | 31°2 098°T | T'% 9TT | 29T 0 9% 14 001 080°0T |° “8P6T ‘8-L 0@ ‘WnWIXEW
“{IV ‘uding UBA 1B J9ATY SESUBNIY
semneee LS |68 [54 Ly ‘%6 | €9° €9% a4 GOT  [reeoet|  ¥OI 1°6 £ o8esaae payBlam
0g |LT 66 00%'68 | €€° £¥% 83 00T 0 (34 %°¢ 1€ *8V6T ‘T1€~63 ‘€3-13 AMn[ ‘wnwrupy
69 |093 098 008°0% | 28°'T 0ve ‘T eg €31 0 9LE L3 001 ***LY6T ‘0€-6% ‘€3-83 'AON ‘UMWIXEW
¢ Y ‘uoamg UeA 1B J2ATY SesuBly
e |69 191 000 °L0T| L9 14 ¥ TIT || 80T L6 8% 09988 |* senssssssssiteaBeiane paaBom
8y (82 c6 008 ‘76 | 88" 663 LT 28 0 v 29 82 008 ‘TvT | * *9p6T ‘61-3T ‘090 'UMUWIUIN
08 |ostT 083 00L‘E¥ | 613 0191 ovT | LeT 0 908 LT ¥8 050°0T | *9V6T ‘¥3-13 00 ‘WMWIXEW
Jead 1)eM ‘ NIV ‘udmng UEA 1B IDATY SESUBNIYV
*w vw cn.ﬁ OON .ww Ow « ._”¢.V nmu ﬂOﬁ seeescses M@ Oﬁ nmw 06L .ﬂm ase0srasesssnrenesssesenirenFoiaap VQEW%@S
8y (€3 €8 008 ‘es | og" L1Z 81T €L 0 9€ %9 €3 008°16 9v61
‘08-8% ‘92-9% ‘13 ABW ‘mmUITmN
g9 |e6r 698 00€ 0% | 6¢°T oLT't 69 e6T 0 T1€ [:}4 101 %9 gyl ‘TE-Tg 02 ‘wWnwixe
Iead oM IV ‘Uamg UEA 1T JOATY SESUBNIY
oL |ove 628 0%0°'0T | €6°T ge 80T 098 93 68 039'2 [ aBeioAt PAIYBTOM
€s |¥e L3T 0se ‘3¢ | gg° 08e $1 68 0 99 0°6 98 08G°TE | *******7G6T ‘9% ‘¥g-£3 '3y ‘umwmin
9L |o6g‘t 0L9'T |oTS ‘3L | €361 0€L'6 Ly 66 0 00¢°2 L3T 9% 09L ‘g [ reeteesrerteeeetegoeT ‘T A wmmipxepy
286T Tealk uﬂug ‘ ML (o) .ﬂﬁuﬂmu—ﬂ—g JERU JDATY UBIpEURD)
9 |o13 63¢ oze ‘¥T | 6¢°1T oLT‘t [ vl 693 93 68 869 ‘¥ 28es0ae paIYBIoM
€s |18 Wl 090 ‘08 | £¢° 268 8¢ $11 0 9L 9'6 [ad 00% 8% |*****1G6T 'ST-LT "ST—HT dun{ ‘umuwmury
L |08T‘T 0TE‘T  [0TE‘6E | ¥8°8 0089 8 e9T 0 069 'T L6 L9 0¥z ‘3 0G6T 'S8T 'Ue[ ‘wnWXeW
‘CEPIO ‘PIRTITYM JEAU JIATYH UEBIPBUED
€9 |931 812 00L'6T | 66° 18L % €11 3Ll 9T 19 ¥96'6 |° N 28e30AE PAIYBIOM
w (¥3 66 008 ‘8€ | €¢° be<4 8T 26 0 oy 8°g 0t 08 ‘8g | 06T ‘02-L1 ‘1des ‘umuwpuIn
oL |o063°t 0sy'T  [00%PT | L8°8 0389 € 061 0 096°'T [ 80% 028 *6¥6T '6T~-LT ‘I "09Q ‘WnWIXe
086T reak Ipem “BPIO .ﬁﬁoﬂoﬁu—; JEdU J3ATY uelpeue)
€9 |osr 192 00€°LT | 60°T 108 Ve (4 €31 96T 8T 1L 686 °L 23esoat posyBiom
%e |se L3T 000 ‘6TT| 2%~ 808 g3 61 801 0 9 8L 8¢ 008 ‘EvT **6V6T '0%-61 ABW ‘Wwnuirmrpy
9L 099'T 0T8T  [00S ‘%2 | 99°TT oLe's | ¢°9 69 Z81 0 0193 13T 91¢ 690°T ‘6¥6T ‘PG-12 "UE[ ‘wnwixe

‘"EPO ‘PIPFIIWM JESU JIATY UBIpEUED)



el 619 18 98 LET 009°LS | 67" £98 131 13 86 oL L8 32 0L ‘88 Beioae pawBram
Z°L 208 €g 2 9L 006'€2 | 0" 22 99 02 e 6 1°g (44 040 ‘68 096T '0%-8T ‘ST-TT "Ue[ ‘tuhurmyn
6°L 08L'T €9 203 ZE 009‘%3 | TS'T 01T 'T 114 $IT | oLt [3:14 92 6 6128 *6%6T ‘TT-L ‘p-€ "d°Q ‘umurpxey
Iy o0y omMIT 3E
2L 9 oSt 088'99 | 88" Lcid (924 8% Q01 68 26 [ 0z% '8¢ BeieAe paqSom
90€ L3 08 086'98 | 92° 161 28 81 9 0 € £°e €2 *eee0] 00G ‘OTT §°* **6P6T ‘61 "qad ‘wnturupy
0832 692 8¢ce 026°98 | TL'T 092'T 0€9 66 131 0 6€€ 124 30T seesseerl 0gefoz | 6%61 ‘€z-23 ‘adog ‘umuwixe
*{AV {O0Y 9THIT 1B AR SESUE{IY
8¢9 09 13 LT 006°€8 | 28" 78€ pe1 e L8[ L8 9°L € ool K107 4.4 Besoas pasqBrom
60€ 1L 0 8% 009°9T | 82" 902 99 LT 29 0 £ €'y 44 revesee ] 08862 | 8¥6T ‘PI-TT "UP[ ‘WRWUIN
08%'% WL £12 00€ 000°6% | €L'T 0L3'T 859 16 LOT 0 L9¢ 44 8 daiad V1 25 TR Rt LY6T ‘08=62 'AON ‘umuiixe
C{IV {O0Y 2MNIT I8 IATY SESUBNIV
o]
W 92L Le 6% (544 090°26 | LS* 617 LET Ly 80T [*r 16 0°8 6 o6s‘Ly | sessesessssseraBeront pAYBIOM
= 6% 53 6 eL 00T ‘6 | 93" L8T 8¢ [ 18 0 8% €' €7 00 ‘88T |* *9V6T '0%~1T '2°Q ‘WM
[ ovE 'S Sl 2€3 998 000°T¢ | €2 foeL'T 818 98T | ¥OT 0 $1g 93 P01 026 0T *9P6T '62-3% 00 'WNWIXBN
b2 IV 400N SNIT IE AR SESTRIY
Z
< eT19 28 18 0T 006°9L | 8%" [ 8% 86 [t 1L 1°'8 €€ y *+28810AT PAIYBOM
M 28€ 0¢ 8% €6 006'LL | ZE" 263 91 6L 0 b 0°g 62 **9¥6T ‘TE-T3 ABN ‘wmWmuIpn
[ 0323 [ 02 20€ 000°¢% | 99°T 0221 0¢ 021 0 £ 22 o8 . 9561 '0T-9 ‘ydos ‘umupxen
<
O0Y SMAIT 1T I9ATY SESUBIY
o]
m 89L eg €L 99T 0g8'68 | 29° LSV 0¢g 489 16 11 8% {osz'ze |* **a8e10Ae pa3oM
o 8% 62 v [ €8 oLL'vy | 92" 61 12 1L 0 e'g L3 0°¢ [ 9e" | 98 | o8¥'ss *TG6T 'LE-PT "AON WINUITKIN
= 0°8 0£€ ‘2 89 293 e 0EL ‘%3 | ¥8°T 0ge‘T (03| €0 899 oL (431 0 1°8 6v¢ 62 06 €0°0| 2L |98L'9 | **Z86T '06-P3 A ‘umuipxe
B ZG6T 4B I93BM Iy ‘S[[owEpIEQ IB ARy Iy
e}
> L i 99 €91 096°LS | 09° 544 0°E | ot | 6FT 28 61T 88 0T [ 2 Ratiad Ratdiatedl ITX- 312 2BeiaAe paqBom
gL L8E %€ 0€ 21 00€ '20T| T€" 932 2| B w 62 13 0 0% 8% T°L 86 $0° $T 1 009°L9T |* *TG61 ‘62~12 AMf ‘umtaraiy
- 6L 0852 99 193 81¥ 0LT'6% | L6°T osv't | Lz €0 879 ge1 | %03 0 9°L 8LE 0¢ 8TT | 90°0 o1 | 2e¥°L | **0S6T '9%-9% ‘12-0% 03 'WIMMIXeN
& TQGT ¥e34 Id)em ‘ "Iy ‘J[[SUEPIB(] 1B IPATY SESUBNIY
=)
(<4
899 4 LS 68T 008'0¢ | 88" 88¢ €°g |*ereeeer | el 8¢ 66 08 L8 ¥ 097 ‘8% ZeieAe parySoM
- [543 ve 13 e 00‘TH | 23" 091 3T 9% 81 4 63 0% [54 000 ‘96 0861 '€T~gI " ‘umwnin
m 6°L 081 '3 99 0%2 988 00L°GE | 09°T 08T‘T | 2T | 0°0 068 8L orT 0 0T { 81¢ 124 g6 00 ‘IT 6761 '6T~LI 200 ‘wnurxeW
W. 0Q6T JBa4 Jojem ‘ HIy ‘I[[oUBpPIB( IT IOATH SESUENIY
m
w 6LL 9 0t 06 ‘%9 | 29° 19 €8 T || g8 g6 9°6 W s 031 ‘28 **a8eloAt paYBIoM
91¢ 81 29 008 10T} 08" 023 4 g 0 11 e 9°g 61 L9 | oL Joog 1Ll 6¥6T ‘08 '93-E2 "uef ‘umurmyy
o¥¥ ' 281 018 083‘cg | 08°T 0281 eoT | ¥31 9T | 8°% eLE 44 88 €0°0| 0'8 |006°6 “*8%61 '€I~TT 'O9Q ‘umuwiixely
MIY 'I[PUEPIEQ IE IDATY SESURMIY
826 9¢ 68 €61 09T ‘0% | <L° 98¢ 19 has ¥t 21 9
L°L 109 0g e 991 010°L9 | o%° 163 %€ %0 0 ¥ 8'8 2€ *7g6T ‘eI-gl "y ‘umuwmun
8'L 0297 69 LT 88€ 0T8°L%| 80°% 0881 1L 6€ET 0 86% 0g 90T 2861 '93~¥3 ‘3% Amf ‘mmuwrxen
7e6T JEah Iagem Iy ‘UG UEA B I9ATY SESURIV
(0,92 e [wnisouSew| Aep 300}~ 2108 | WO TIWE
1e -ucqeed| ‘umpore) | ad sod swd | (FON) (foDH)| (f0D) | O (52)
soyiosotw)| umipos | -UoN suof, suof, sueg | 2en| (1) | (10) | Cos) | ervuoqiareuoq) umis | (eN) (3W) (20) | (22) ] (Gors) |o3eyosip wonaIeo Jo aEeq
Hd | 2oumonpuod | juadseg -IN |epuonyi{opuoryD |18y Mms| -Ted1g | -1ED |-Seiod jumipog| umissudely [unoreD| dodp [ eowIs | weew
oyoadg nOUﬂU S® ssoupep| SpI{Os paAfossiq

12

DANUBUC)—ZG-CT-6] ‘sesATewE jo Aremums— T djgel



13

CHEMICAL QUALITY

eoesers

6L9 2 29 Lyt 098°2% | 98- 4 0T [Pooueesee] seoeetee 6L 9°6 0€L ‘88
S'L 298¢ Ly 0€ 26 0¥t '09 | 28° k14 9L 0 seeseee 8¢ €°g 08L ‘%6 **1G6T ‘08-9Z 'AON ‘wmurpiy
'8 1% ‘% 89 8¥e i213 08%'LZ | 06°T ¥9 831 0 188 632 oLZ'L 2861 ‘T€-62 ‘L3 Am[ ‘wnwxeW
¢ NIy ‘qO0Y I[N IB IBATY SESUBHIY
mﬁb m@ N@ .ﬂ w.ﬂ OQQ .ow ww . sesevssane| ﬂmﬁ ®¢ .Hﬂﬂ oossessse] ssssorus NQ Oﬂ sveses |essvocare °®¢ ‘ Nw 0.0...00...00..0...-nlnounuﬂwﬂﬁ>ﬂ vﬂﬂﬂﬁwmﬂg
9LE 1e 18 831 00L ‘%0T{ 38" £°0 §44 08 611 0 €'y 82 9°L [y 2T | 00L°C9T | "1g61 ‘16-12 A ‘wnwreiy
069 °2 99 e (1144 006'28 | ¥6°T 899 921 912 [V I * 6Le 0g ¢ 028 '8 b *096T '63-82 ‘03 ‘umuuixeW

1G6T sead Iagem ‘ IV ooy

SRIFT 3T IATY SESUTHIY



14 CHEMICAL QUALITY OF WATER, ARKANSAS RIVER

conductance, expressed as micromhos at 25°C., was
determined for each daily sample. Composite samples
for chemical analyses were prepared by mixing equal
quantities of daily samples based on concentration of
dissolved solids as indicated by the specific conduc-
tance values.

Samples were analyzed according to methods regu-
larly used by the Geological Survey. These methods
are essentially the same as, or are modifications of,
methods described in authoritative publications for the
mineral analysis of water samples. 2

The main constituent causing an increase in concen-
tration of the Arkansas River in Oklahoma and Arkan-
sas is the chloride coming from both natural sources
and industrial wastes. Other constituents normally
found in a natural water may decrease in concentra-
tion due to chemical changes occurring as a result of
its environment. For example, silica and nitrate con-
tent may be reduced by growing plants, and calcium
and magnesium may be precipitated as carbonate due
to loss of carbon dioxide in the water resulting from
temperature changes. Sodium may be removed by a
natural ion exchange process, sulfate may be reduced
to sulfides or to hydrogen sulfide which is evolved as
a gas, but the chloride ion is unchanged by natural
processes and is therefore a good basis for compari-
son of downstream changes in chemical quality.

Table 1 presents a summary of chemical-quality
data collected at the nine daily sampling stations on
the Arkansas River, and collected on the Canadian
River at Whitefield, and the Cimarron River at
Mannford.

Oklahoma-Kansas State Line to Tulsa

The Arkansas River shows a substantial increase in
chloride concentration downstream from the Oklahoma-
Kansas State line to Tulsa. (See table 1, and figs. 4
and 5.) For the water year 1952, the maximum chlo-
ride concentration was 685 ppm at Arkansas City, 912
ppm at Ralston, and 1, 690 ppm at Tulsa. From QOcto-
ber 1946 to September 1952, the maximum chloride
concentration was 795 ppm at Kaw City near the
Oklahoma-Kansas State line, 1, 080 ppm at Ralston,
and 5, 030 ppm at Tulsa.

Influence of Salt Fork Arkansas River

The increased chloride concentration noted in the
Arkansas River downstream toward Tulsa is due to
both solution of natural salt deposits and to introduc-
tion of industrial wastes from many oilfields and re-
fineries within this portion of the basin., The two
main tributaries within this reach of the river, Salt
Fork Arkansas River and Cimarron River, contribute
much chloride picked up by leaching of salt deposits
in flow through natural salt plains. The Salt Fork
flows into the Arkansas River at Ponca City, which is

2 American Public Health Association, 1946, Stand-
ard methods for examination of water and sewage, 9th
ed., and Association of Official Agricultural Chemists,
1950, Methods of analysis of the association of official
agricultural chemists, 7th ed.

about 44 miles upstream from Ralston. This stream
is relatively low in chloride concentration until it flows
through the Salt Plain area about 20 miles downstream
from the city of Alva. During the period October 1950
to September 1951, daily chemical-quality records col-
lected at a sampling station on the Salt Fork Arkansas
River near Alva show a maximum chloride concentra-
tion of 320 ppm and a weighted-average chloride con-
centration of 77 ppm. Downstream from this location
on the Salt Fork Arkansas River near Jet, which is
just below the Great Salt Plains Reservoir, many peri-
odic samples collected during the same time show a
maximum chloride concentration of 5,570 ppm and a
minimum of 940 ppm, There is no evidence to indicate
that this increase in chloride concentration between
Alva and Jet is due to any source other than pickup of
natural salt,

There are many oilfields and refineries located in
the Salt Fork Arkansas River drainage basin down-
stream from Jet. However, there has been no collec-
tion of daily records near Jet that would give an indi-
cation of how much of the increased chloride load in the
Arkansas River from the Oklahoma-Kansas State line
to Ralstan is due to pickup of natural salt by the Salt
Fork Arkansas River, and how much is due to wastes
from these oilfields and refineries.

Influence of Cimarron River

The Cimarron River contributes a large salt load to
the Arkansas River. This stream enters Oklahoma at
its extreme western boundary and flows in and out of
the States of Oklahoma and Kansas twice before enter-
ing Oklahoma for the last time, midway between the
99th and 100th meridians. It flows across the State in
a southeasterly direction to its junction with the Arkan-
sas River at Keystone, 17-miles upstream from Tulsa.
The natural chloride concentration of the Cimarron
River increases as it flows through the Salt Plain in
the vicinity of Waynoka,

Daily chemical-quality records collected on the
Cimarron River near Mocane, during the period from
October 1946 to September 1948, show a maximum
chloride concentration of 840 ppm and a weighted-
average chloride concentration of 387 ppm and 421 ppm
for the 1947 and 1948 water years respectively. Peri-
odic samples collected from the Cimarron River up-
stream from Waynoka indicate that the major part of
the increased chloride concentration comes from the
Salt Plain northwest of Waynoka. The following table
shows chloride concentrations of samples collected
downstream from Mocane to Waynoka. These samples
were collected February 12, 1953,

Sampling point Chloride (ppm)

Mocane.... 540
Rosston.....cuvevenennes 590
Buffalo........ ceesmerccans teeresesesreenan 1,790
Freedom....c.ccovveeune vecessian vesasseans 8,080

Waynoka..ccueeeeeresaeaarcsansssscsanssss 15,600

The sampling site near Buffalo is about 12 miles
downstream frorn the Oklahoma-Kansas State line
where the Cimarron River enters Oklahoma for the
last time, There is no evidence to indicate that this
increase in chloride concentration between Mocane
and Waynoka is due to any cause other than pickup of
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Figure 4, --Weighted average analyses for some streams in the Arkansas River basin, October 1950 to September 1951,
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Table 2. --Runoff, chloride, and dissolved solids for water year 1950 at selected locations inthe Arkansas River basin

Stream and location

Arkansas River at Ralston, OKIa,.....eevereriesesscesnnnns
Cimarron River at Mannford, Okla.....
Arkansas River near Tulsa, Okla.......
Canadian River near Whitefield, Okla..
Arkansas River at Van Buren, ArK.....c.ccveeeeevenennen
Arkansas River at Little Rock, ~“ArK..eeerereierinnnenenes

. Dissolved
Runoff Chloride solids

(acre-feet) (total tons) (total tons)
4, 140, 000 1, 366,000 3, 933, 000
1,236,000 2,064,000 4,066,000
5,603,000 3,978,000 9,133,000
7,214,000 3,174,000 7,142,000
30, 130,000 6, 629,000 18, 680, 000
42,520,000 6,803,000 20, 830, 000

natural salt by the Cimarron River between these two
points,

Daily chemical-quality records were collected on the
Cimarron River at Mannford for the period from Oc-
tober 1948 to September 1952 and since that time have
been collected at a site near Perkins, 67 miles up-
stream from Mannford., There are many oilfields and
refineries located in the Cimarron River drainage
basin between Waynoka and Mannford, but to date, no
daily records have been collected at the Waynoka lo-
cation which would give an indication of how much of
the chloride load being discharged into the Arkansas
River from the Cimarron River is due to natural

causes and how much is due to these oilfield operations.

A comparison of data collected for the period Octo-
ber 1949 to September 1950, shown in table 2, gives
an indication of the amount of chloride discharged into
the Arkansas River by the Cimarron River. During
this period the total runoff of the Arkansas River at
Tulsa was 5. 603 million acre-feet, of which 22 per-
cent or 1,236 million acre-feet was contributed by the
Cimarron River, However, the total chloride load for
the same period was 3, 978 million tons at Tulsa, of
which 52 percent or 2,064 million tons was contributed
by the Cimarron River. The total runoff of the Arkan-
sas River at Tulsa was only 35 percent higher than the
runoff of the Arkansas River upstream at Ralston; yet,
the chloride load at Tulsa was 191 percent higher than
at Ralston. Of this increased chloride load from Ral-
ston to Tulsa, 79 percent was contributed by the Cim-
arron River,

The proposed site of the Keystone Reservoir near
Tulsa is located on the Arkansas River below its junc-
tion with the Cimarron River, Weighted-average anal-
yses for the daily chemical-quality sampling station
on the Arkansas River at Sand Springs bridge near
Tulsa should be the approximate average analysis of
water stored in this reservoir. Even though this pro-
posed reservoir is located below the juaction with the
Cimarron River, and the resulting chemical quality of
the water in storage would reflect the large load of
chloride coming from the Cimarron, storage alone
would tend to decrease the large variations in daily
concentrations, As noted in the summary of analyses,
table 1, a maximum chloride concentration of 5,030

ppm was observed during the period October 1946 to
September 1952 for the Tulsa station. However, this
concentration occurred during a period of relatively
low runoff, and it would have had a comparatively
small effect on the concentration of the water stored
in the proposed reservoir, The weighted-average
chloride concentration for the above period at Tulsa
ranged from 422 to 705 ppm. The maximum concen-
trations and fluctuations in concentration of the re-
sulting stored water would depend to a great extent
on the amount of stored water, reservoir operation,
evaporation, and physical features of the reservoir,

A further evidence of the relation of chloride con-
centration to runoff is noted by comparing the weighted-
average analyses at the Tulsa station for water years
1947, and 1950-52, During these 4 years the maxi-
mum weighted-average chloride concentration of 734
ppm occurred during the year of lowest runoff, and
the minimum weighted-average chloride concentration
of 422 ppm occurred during the period of highest run-
off. If this runoff had been equalized by impoundment,
the annual variation in concentration of all chemical
constituents would have been greatly reduced.

Although the degree of improvement that might be
made by the control of industrial wastes in the Arkan-
sas River tributaries cannot be determined from avail-
able data, present records should provide an indica-
tion of the maximum concentration which would be
found in the stored water.

Tulsa to Van Buren

Influence of Verdigris, Neosho, and Illinois Rivers

As the Arkansas River flows downstream from Tul-
sa, a decrease in dissolved solids and chloride con-
centration is principally due to tributary inflow from
the Verdigris, Neosho, and Illinois Rivers. This di-
lution effect from the Verdigris and Neosho Rivers is
evident from daily records collected on the Arkansas
River at Webbers Falls during the period October
1948 to September 1949 when the maximum observed
chloride concentration was 665 ppm, while the maxi-
mum observed chloride concentration at Tulsa during
the same period was 1, 720 ppm. The following table
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Runoff Chloride (ppm)
Stream (million Manxi . Weighted
acre~ft) aximum Minimum average
Verdigris River near Inola, Okla.............) 4,134 435 27 55
Neosho River near Wagoner, Okla........... 1/6.746 12 5.2 8.4
Illinois River near Gore, Okla.......covveeenss T 1.286 68 1.2 5.9

1/For period October 1948 to July 1949,

gives the chloride concentrations observed at the daily
sampling stations on the Verdigris and Neosho Rivers
during the period October 1948 to September 1949 and
the Illinois River during the period October 1947 to
September 1948, Each sampling station is located
near the junction of the particular stream with the
Arkansas River.

Influence of Canadian River

In the reach of the Arkansas River from Tulsa to
Van Buren, the Canadian River is the only stream of
any size which does not have a dilution effect upon the
Arkansas River water, This stream enters the Arkan-
sas River about 101 miles downstream from Tulsa,
and 69 miles upstream from Van Buren.

For the period October 1946 to September 1952 daily
chemical-quality records show the maximum chloride
concentration of the Canadian River near Whitefield to
be 5,150 ppm. Data collected in 1950, table 2, show
that 3,174 million tons of chloride was discharged into
the Arkansas River from this stream, For the same
year, records show that the Canadian River contribu-
ted 24 percent of the runoff of the Arkansas River at
Van Buren, Ark,, and 38 percent of the total chloride
load.

Present data indicate no pickup of natural salt of
consequence by streams in the Canadian River basin,
and practically all the chloride load of the Canadian
River results from oilfield and industrial wastes, most
of which occur in the drainage basin east of Oklahoma
City. The North Canadian River, one of the major
tributaries to the Canadian River, is the source of
water supply for Oklahoma City, yet periodic samples
collected from this stream only 20 miles downstream
from the intake of the Oklahoma City water supply
show chloride concentrations at times exceeding
10,000 ppm. The State of Oklahoma has initiated steps
to eliminate the sources of pollution on the North Ca-
nadian River, and, if successful, favorable results and
improvement of chemical quality should be noticeable
even in the Arkansas River,

Two other tributaries which are responsible for
large amounts of chloride pollution in the Canadian
River are the Deep Fork River and Little River. Chlo-
ride concentrations as much as 2, 300 ppm have been
observed in Deep Fork River and as much as 38,000
ppm in Little River. Both streams carry large amounts
of drainage from oilfield operations. In the newer oil-
fields of Oklahoma, steps are taken to control these
wastes but some fields in the Deep Fork and Little
River drainage basins are very old, and up to the
present, no corrective measures have been taken to
eliminate this source of pollution,

With the exception of the Canadian River, all major
tributary streams between Tulsa and Van Buren have
a dilution effect upon the Arkansas River, The chlo-
ride pollution introduced by the Canadian River is
shown by the fact that during the 1949 water year the
Arkansas River at Webbers Falls, which is below its
junction with the Verdigris and Neosho Rivers but
above the Canadian River, had a maximum chloride
concentration of 665 ppm, During this same period
the Arkansas River at Van Buren had a maximum chlo-
ride concentration of 778 ppm, even though all tribu-
tary streams between Webbers Falls and Van Buren,
with the exception of the Canadian River, usually have
chloride concentrations of less than 10 ppm.

The overall dilution effect upon the Arkansas River
by tributary inflow between Tulsa and Van Buren is
shown by a comparison of the weighted-average chlo-
ride concentrations at these two locations, For the
period October 1946 to September 1952 the weighted-
average chloride concentrations for the Arkansas Riv-
er at Tulsa ranged from 422 to 734 ppm., The weighted-
average chloride concentrations for the same period at
Van Buren ranged from 157 to 192 ppm,

Van Buren to Little Rock

Headwaters of the tributaries to the Arkansas River
from Van Buren to Little Rock are in the Boston Moun-
tains to the north and in the Quachita Mountains to the
south., These streams are all low in mineral content,
and there is no evidence of excessive chloride concen-
tration due to either pickup of natural salt or to indus-
trial wastes.

The two largest tributaries of the Arkansas River in
the reach from Van Buren to Dardanelle are Mulberry
River and Illinois Bayou. A slight decrease in mineral
concentration was observed in this reach of the Arkan-
sas River in the 1950 water year due to tributary in-
flow from these two streams. The maximum chloride
concentration at Van Buren was 738 ppm, while the
maximum at Dardanelle for the same period was only
590 ppm, and the weighted-average chloride concen-
trations for 1950 were 160 ppm at Van Buren, and 134
ppm at Dardanelle. An analysis of the daily chemical-
quality records collected on the Arkansas River at
Dardanelle during the period October 1948 to Septem-
ber 1952 indicate that with the construction of the pro-~
posed Dardanelle Reservoir, the resulting stored wa-
ter would probably meet qualifications for a municipal
supply, so far as mineral content is concerned, de-
pendent on capacity of the reservoir, operation, and
physical features. The table below shows a compari-
son of selected U. S, Public Health Service drinking-
water standards with the maximum weighted-average
concentrations observed for the Arkansas River at
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Comparison of selected U. S. Public Health Service drinking-water standards with constituents for the Arkansas
River at Dardanelle, Ark., October 1948 to September 1952

U. S. Public Health | Arkansas River
Service Standards at Dardanelle
Constituent Maximum
Should not exceed |weighted-average
(ppm) concentration
(ppm)
Nitrate (NOg)..... 44 3.0
Magnesium (Mg). 125 11
Chloride (Cl)....., 250 159
Sulfate (SOy)...... 250 53
Dissolved solids. 1/500 459

_1_/ 1,000 ppm permitted where water of better quality

is not available.

Dardanelle for the period October 1948 to September
1952. The Public Health Service has established no
standard for nitrate, Studies3 indicate that nitrate in
excess of 44 ppm in drinking water may be a contribu-
ting factor or the cause of a condition in infants known
as methemoglobinemia (“blue babies”).

As the Arkansas River flows downstream from Dar-
danelle to Little Rock, the only two tributaries con-
tributing any sizable runoff are Petit Jean Creek and
Fourche La Fave River. There is a further slight de-
crease in mineral concentration of the Arkansas River
between Dardanelle and Little Rock due to the dilution
effect of the tributaries and direct surface runoff.
During the water year 1950 the weighted-~average chlo-
ride concentration of the Arkansas River at Dardanelle
was 134 ppm and at Little Rock was 121 ppm.

The chemical-quality sampling station on the Ar-
kansas River at Little Rock is the farthest point down-
stream on the river at which daily chemical-quality
records have been collected, but daily records have
been collected for Bayou Meto, one of the tributaries
to the river below Little Rock, and results indicate
no highly concentrated waters from this source,

CONCLUSIONS

On the basis of records collected under the coopera-
tive programs in the States of Arkansas and Oklahoma,
a comparison of downstream changes or variations in
chemical quality of water of the Arkansas River can
be made by using the chloride concentrations, The
data are incomplete at several places in the basin, but
present records are sufficient to make preliminary
observations of the downstream changes.

During the 1952 water year, weighted-average chlo-
ride concentrations for six daily sampling stations on
the Arkansas River point out the extreme fluctuations
in chemical concentrations due to tributary inflow be-
tween the Oklahoma-Kansas State line and Little Rock,
Ark. During this period the weighted-average chloride

3Waring, F. H., 1949, Significance of nitrate in
water supplies: Am., Water Works Assoc. Jour., v.
41, no. 2, p. 147-150.

concentration for the Arkansas City station near the
Oklahoma-~-Kansas State line was 316 ppm. For the
same period the weighted-average chloride concen-
tration for the Ralston station, 115 river miles down-
stream from Arkansas City, was 350 ppm. One of the
main factors contributing to this increased chemical
concentration was inflow from the Salt Fork Arkansas
River. This stream obtains its high chloride content
from both pickup of natural salt and from the introduc-
tion of oilfield brine and industrial wastes. Additional
information is needed to determine the proportion of
the salt load contributed by each source. This could
be accomplished by the establishment of daily chemical-~
quality sampling stations to be operated simultaneously
on Salt Fork Arkansas River near Jet, to show the salt
load carried by the river due to natural sources, and
near Ponca City, to show the total salt load contributed
to the Arkansas River by pickup of natural salt and by
industrial wastes,

The next point on the Arkansas River downstream
from Ralston at which a weighted-~average chloride
value is available for the 1952 water year is the Tulsa
station, a distance of 71 river miles downstream from
Ralston. At this station the weighted-average chloride
concentration increased to 734 ppm. This increase is
due principally to inflow from the Cimarron River
which carries large amounts of chloride derived from
natural salt deposits and oilfield operations and indus-
trial wastes, Present data are not sufficient to differ-
entiate between amounts from each source. Additional
information could be supplied by the establishment of
daily sampling stations to be operated simultaneously
on the Cimarron River near Waynoka, to determine
the amount of chloride load due to pickup of natural
salt from the salt deposits northwest of Waynoka and
at Mannford, to determine approximately the total
chloride load carried by the stream from all sources.

The next downstream location from Tulsa at which
daily chemical-quality records are available for the
1952 water year is at Van Buren, Ark., a distance of
170 river miles. The weighted-average chloride con-
centration at this point for the 1952 water year was
192 ppm, a significant decrease in comparison with
the value of 734 ppm observed for the station at Tulsa
for the same period. The only tributary stream be-
tween Tulsa and Van Buren which carries an apprecia-
ble chloride concentration is the Canadian River which
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empties into the Arkansas River 101 river miles be-
low Tulsa. The weighted-average chloride concentra-
tion for the Canadian River near Whitefield, Okla., for
the 1952 water year was 510 ppm. However, other
tributary streams between Tulsa and Van Buren,
namely the Verdigris, Neosho, Illinois, and Poteau
Rivers, were sufficiently low in chloride concentra-
tions to have a significant dilution effect upon the wa-
ter in the Arkansas River.

All tributary streams between Van Buren and Little
Rock are sufficiently low in chloride concentration to
produce a steady dilution effect on the Arkansas River
water as it flows downstream, During the 1952 water
year the weighted-average chloride concentration at
the Dardanelle station, a distance of 98 river miles
downstream from Van Buren, was 155 ppm, and 90
river miles farther downstream at the Little Rock
station the weighted-average chloride concentration
showed a further decrease to 131 ppm. At present no
information is available on the chemical quality of the
Arkansas River water from Little Rock to the Missis~
sippi River, However, miscellaneous analyses from
tributary streams in this region indicate that no sig-
nificant amounts of chloride are introduced into the
river,

The data for dissolved solids included in this report
have not been used in discussion of variations in the
chemical quality of the Arkansas River. There have
been certain minor discrepancies in the reconciliation
of the total load at various places in the basin. More
data are needed for several phases of the program bhe-
fore it is possible to specify causes for these discrep-
ancies. Preliminary studies have been made in some
phases in an attempt to determine the sources of er-
ror. However, in any region of complex geology, er-
ratic streamflow characteristics, and diversified in-
dustrial activity, many factors have a controlling in-
fluence on the quality of water of a stream. This is
particularly true in the Arkansas River basin of Okla-
homa and Arkansas. These factors plus the collecting
of only one sample a day from streams with wide vari-
ations in daily mineral content indicate that the load
values shown in tables 1 and 2 are well within reason-
able limits of error,

Data collected under the cooperative programs for
Oklahoma and Arkansas were not designed to give a
complete evaluation of the quality of water of the Ar-
kansas River in the respective States, With an ex-
panded program designed primarily to satisfy the needs
for data, discrepancies such as have been noted would
be eliminated.

At the present time there is no place on the Arkan-
sas River from the Oklahoma-Kansas State line to
Little Rock, Ark., at which the water would be suita-

ble for daily use for a municipal supply, although some
cities along the river in Arkansas use the water at
times to supplement their regular supply.

Even if the Arkansas River were impounded at the
proposed Keystone Reservoir site near Tulsa, Okla.,
the resulting stored water would not meet standards
desired for a municipal water supply. Because of the
large amounts of chloride being introduced into the
stream from natural sources over which there is no
control, it is doubtful if the chloride concentration
could be sufficiently reduced to meet these standards
even if major sources of oilfield brine and industrial
wastes were substantially abated. However, storage
at this reservoir would greatly reduce the daily varia-
tion in mineral concentration and would show a definite
leveling off in daily variations downstream.

This leveling-off effect plus tributary inflow from
less concentrated streams below Tulsa would yield an
impounded supply at the proposed Dardanelle Reser-
voir near Dardanelle, Ark., which would meet stand-
ards of mineral content for use as a municipal supply,
though cost of treatment of the water probably would
be higher than present costs to cities in this vicinity.

It is doubtful that the Arkansas River water upstream
from Tulsa would be suitable for irrigation uses even
with the construction of the proposed Keystone Reser-
voir. However, with the leveling-off effect upon daily
variation in chemical quality accomplished by this
reservoir, it is probable that the water in the river
could be used for irrigation anywhere below the junc-
tion of the Arkansas River with the Verdigris River,
and it should be usable without question downstream
from Van Buren, Ark. Arkansas River water is being
used for supplemental irrigation at several places in
Arkansas between Van Buren and Dardanelle, and with
the leveling off in daily variations accomplished by the
proposed Keystone and Dardanelle reservoirs, it should
be usable at any time and place on the river in
Arkansas,

At the present time, industrial use of the Arkansas
River water in Oklahoma and Arkansas is confined
largely to uses in which chemical quality is no factor,
such as gravel washing and cooling water. However,
with the elimination of large daily variations in miner-
al concentrations, it is probable that more beneficial
use could be made of the water by industry.

The collection of records at the additional sampling
sites mentioned together with studies to determine
causes for discrepancies in present data would pro-
vide a more complete evaluation of the changes of
chemical quality in the Arkansas River in Oklahoma
and Arkansas.
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