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ANALYSIS CF VARIATIOMN OF RIVER FLOW
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WHITE RIVER BASIN
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investigatior Py a candidate for the degree, Master o< Science,
2nd is acceptable as meeting the thesis requirerments for this
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INTRODUCTION

Presently agencies of the state of South Dakota are impiementing
plans to establish current water resource usage, to develop future
water resources, and to promote economic prosperity within the state.
These plans will offer guidance to the people cof South Dakota tc better
solve water resource problems within the state.

The South Daketa Water Resources Commission (SDWRC) is in the
process of developing a State Water Plan. The State Water Plan will
inventory the present and future water and related land resources and
offer guidance in their management (l1-1). The most imporiant goal of
the plan seems zo stress the development and management of the water
resources within the s%ate of South Dakcta (1-4). The S*ate Water
Plan emphasizes improved economic security for the pecple (2-4). In
order to facilitate planning, the SDWRC has designated 16 major
hydrologic drainage areas in South Dakota. 7Two of the basins do not
contribute to streamflows directly but have unique féatures that set
them apart from their neighboring basins (2-8).

The South Daxota Committee o2n Water Pollution, through the staff
of tne Division of Sanitary Engineering and Environmental Prectection,
tate Department of Health, has the respcnsibility for estaclishing
a Water Quality Management Plan (2-4). This plan appears to ke ori-

ented in a somewhat different direction. Water Quality Management

Planning (3), a guideline from the Envissnmental Protection Agency,
sets forth the requirements for ccmmunities or aasncies whicn are

worxing to acnieve censiruction grants for their waste water ireatment




facilities, through the Environmental Protection Agency (EPA) (3).

The prime objective of this EPA assisted plan appears to be the im-
provement and maintainance of water quality in other states as well

as in the state of South Dazkota. In contrast to the State Water Plan,
the South Dakota Committee on Water Pollution has divided the state
into only seven hydrologic basins for development of their plan. The
water quality plan will investigate resources management on the basin
level and in the various metropolitan-regional areas within the seven
basins (2=3).

The development of the State Water Plan (1) and the Water Quality
Management Plan (3) for the state of South Dakota will have to be
coordinated to prevent duplication of efforts. It is anticipated
that the compatibility and implementation of the two plans will help
provide extensive benefits for South Dakota (2-9).

In 1970, Kerwin Rakness (4) conducted a streamflow variation
study for the Big Sioux River in South Dakota. He investigated the
probable effects of increased water resources usage in such areas as
irrigation and domestic waste water. Rakness also studied the ade-
quacy of the length of flow records at streamflow gaging stations
along the Big Sioux River. His investigation dealt primarily with
low flows and future water resources development (4-4).

At the request of personnel from the South Dakota Water Resources
Commission, the Civil Engineering Department at South Dakota State
University processed streamflow data for 72 gaging stations within

the state. These streamflcw data were later to be used in determining




available streamflows during specific time periods throughout the
year and was to be inciuded as part of the State Water Plan for South
Dakota.

For this investigation, the White River Basin in southwest South
Dakota, was selected for a streamflow variations study similar to
that of Rakness. This basin is one of the 16 hydrologic drainage
areas designated by the South Dakota Water Resources Commission.

The main objectives of this White River Basin study were to
analyze flow variation records, to investigate existing river water
quality data as compared with the designated beneficial uses for the
basin and to consider the influence of present and future irrigation
development. Data were collected from a number of sources and
brought together for interpretation_with respect to these objectives.
The streamflow study utilizes the streamflow records from 10 gaging
stations in the White River Basin.

It is expected that the results of this investigation may be of
assistance to the South Dakota Water Resources Commission and the

South Dakota Committee on Water Pollution in developing their state-

wide plans.




INFCRMATION ON THE WHITE RIVER BASIN

Historv of the Area

The White River Basin was a part of the vast arez of land pur-
chased in 1803 called the Louisiana Purchase. At that time, Indian
tribes occupied the river basin area. The Misscuri River territory
was explored in 1743 by the Verendrye brothers. Trappers and traders
hunted the area for over a century before the start of the territory
development by the settlers (5-8).

The Sioux tribes resisted most aggressively the advancement of
settlers. All the Indian tribes were gradually pushed west. In 1869,
two large reservations were established which covered about 75 per-
cent of the White River Basin in what is presently southwestern South
Dakota. The reservations have since been reduced to three counties,
the Rosebud Reservation in Todd County and the Pine Ridge Reservation
in Shannon and Washabaugh Counties. Indian names for geographical
locations and features are prevalent in the basin area (5-8).

Cattle ranches spread over the area in the 1880's. After the
Messiah War in 1889, a éortion of the Indian reservation lands was
opened to nomesteaders. Much of the land became public domain for
the private ownership of settlers and railroads began to traverse the
area in 1885 and continued to be built in the basin until 1929 (5-8).

In the year 1908, large numkers of farmers started to break the
scd for farming. The great drought in the 1930's reduced the number
of people actively making a living by agricultural activities in the

White River Basin. Since then the farming tendency has keen fowards




larger farm units with mechanized equipment and larger sized ranches

and grazing herds (5-9).

Location
The White River Basin, with an area of about 10,200 square miles,
is located in the miner western tributaries area of the Missouri River
in the Great Plains. The White River Basin lies along the South Dakota-
Nebraska border, with about 8,500 square miles in South Dakota and
1,700 square miles in Nebraska (see Figure 1). The average width of
the basin is 50 miles, with a total east-west length of 245 miles (5-4).
The principal stream in the basin is the White River, which is
approximately 507 miles in length. The Little White River (south fork
White River) is the only major tributary to the White River. The
high plains area in Nebraska is the origin of the main river. Gener-
ally, the river flows northeasterly into South Dakota and then easterly
to empty into the Missouri River 10 miles south of Chamberlain, South
Dakota, at the Fort Randall Reservoir (5-4). The Little White River
flows east in southeastern Shannon County and then northeast to the
mainstem (White River) about 14 miles northeast of the town of White

River (5-4).

Physical Features

Unlike some areas of South Dakota the topography of the White
River Basin is quite varied. The topography ranges from the sandhills
of Nebraska, through areas of scattered buttes and tablelands (5-5).

The far northern tributaries of the White River are bounded by rough
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and dissected South Daxota Badlands within the counties of Pennington,
Shannon, Jackson and Washabaugh iIn South Dakota. The maximum relief
is 500 feet (5-5).

The White River is said to have acquired its name from the milky
color of its water. Erosive action of water on the South Dakota Bad-
lands carries suspended solids to produce an apparent color in the
river (5-1).

The slope of the mainstream in the White River Basin, as it
crosses the South Dakota-Nebraska border is about 5.2 feet per mile.
The Little White River enters the mainstream river southeast of Murdo,
South Dakota. At this point the river's mainstem slope decreases at
about 3.9 feet per mile and this slope is maintained until the White
River joins the Missouri River at the Fort Randall Reservoir (5-5).

Most of the uplands in the White River Basin are relatively
smooth, rolling prairies, but the immediate river valley is compara-
tively narrow and rather deeply entrenched. In South Dakota the
width of the river valley ranges from one-half to three miles (5-6).

The drainage system of the White River Basin is unique in that
the only tributary stream of any consequence, the Little White River,
enters the mainstream from the south. Other tributaries are primarily
intermittent streams. A large portion of the stream flecw is due to
spring snowmelt and summer rain runofi. Low flows during the late
summer months are common, sometimes dwindling to nothing in the dry

years (5-6).



Sources of Streamflow Data

The United States Geological Survey (USGS) has streamflow record-
ing stations in many locations in the rivers of South Dakota and other
states. The flcw records are collected and computed by the Water
Resources Division of the USGS (6-1). Each gaging station has been
assigned a USGS station number and stations are numbered in the down-
stream direction along the mainstream. Stations of tributaries are
numbered between those of the mainstream according to their points of
entry. Numbers are skipped to allow for the future numbering of new
stations (6-4).

In the White River Basin in South Dakota, the USGS presently
maintains a total of 13 flow gaging stations. In this study, records
from 10 of the flow gaging stations were used tc evaluate flow vari-
ation. These 10 stations were selected because they had flow records
of approximately 10 years or more, while the other three stations had
flow records for a lesser number of years.

The flow data for the White River Basin were obtained from the

USGS, which had storad all the flow information on magnetic computer

tapes (7). The South Dakota State University computer center processed

the data on an IBM 360 computer.

Since the streamflow gaging stations were placed in operation on
different dates, the period of streemfiow record may vary with each
staticn. Information about each of the 10 stream gaging stations in

the White River Basin, selected for this study is given in Table 1.
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Table 1. Information About the White River Basin Stream-gaging Stations (6).

Gaging USGS Approximate Non-
Station Station Location Period of Records, Used Contrib-
Number Total uting
Begin End Number Drainage Drainage
of Area Area
Months
(mo/yr) (mo/yr) (sq. mi.) (sq. mi.)

Total
Centrih-
uting
Drainage

Arecu

(sq. mi.)

—_— e . _ = _

WHITE RIVER

Oglala 06/4460.00 7 miles 6/1943  9/1970 328 2200 0
northwest of
Oglala

Kadoka 06/4470.00 5.8 miles 7/1642  9/1970 339 5000 0
south of
Kadoka

Oacoma 06/4520.00 8.8 miles 9/1928  9/1970 505 10200 0
southwest of
Oacoma

LITTLE WHITE

RIVER ,
Martin 06/4475.00 5.4 miles 3/1938  9/1940° 31 310 80
east of 8/1962  9/1970 98
Martin
Rosebud 06/4495.00 6.4 miles 6/1943  9/1970 328 1020 260
north of

Rosebud

2200

2000

10200

230

760



Table 1. (continued)
Gaging USGS Approximate Non- Total
Station Station Location Period of Records, Used Contribu- Contrikbu-
N ben Total uting uting
Begin End Number Drainage Drainage Drainage
of Area Area Area
Months :
(mo/yr) (mo/yr) (sq. mi.) (sq. mi.) (sq. mi.)
White River 06/4505.00 2.0 miles 10/1949 9/1970 252 1570 260 1310
north of the
town, White River
Vetal 06/4491.00 10.8 miles 8/1959 9/1970 134 590 175 415
southeast of
Vetal
SPRING CREEK
Tuthill
(above refuge) 06/4480.00 7.5 miles 3/1938 9/1940 31 58 35 23
southwest of 8/1962 9/1970 98
Tuthill
Tuthill
(below Tefuge) 06/4490.00 1.2 miles 8/1962 9/1970 98 120 60 60
southwest of
Tuthill
LAKE CREEK
St. Francis 06/4492.50 8.0 miles 10/1959 9/1970 132 57 47 10

southwest of
St. Francis




Only three of the 1C gaging stations are located on the main-
stream of the White River. The three are located at Oglala, Kadoka,
and Oacoma (see Figure 1) (6). Gaging stations are located on the
Little White River and its tributaries, Lake Creek and Spring Creek.
The stations near Martin, Vetal, Rosebud and White River are located
on the Little White River. The two Tuthill stations are on Spring

Creek, while the St. Francis station is on Lake Creek.



SEASONAL STREAMFLOW RELATIONSHIPS FCR

THE WHITE RIVER BASIN

The first published literature reiating to flow duration curves
of a stream, is believed to have been written about 1878 (8-124G).
Since the year 1915, duration curvas have keen in general use by
engineers studying hydrology (9-1213). In flow cduration analysis
work, the duration curve has become a very useful engineering tool.
The flow duration curve may be defined as a curve, the abscissa of
which at any point shows the number of time units or the percentage
of time that various flows plotted on the ordinate are equalled or
exceeded (10-1242).

The flow duration curve usually combines statistically the mean
daily or mean monthly flows occurring throughout the year, &although
other time periods can be used. The area under a duration curve
represents the total flow regardless of whether the time unit is the
hour, day, month, or 10-day period.

Kerwin Rakness, in his study (4), developed tables which could
provide information for the constructicn of flow-duration graphs for
36 time periods throughout the year (4). He divided each month into
three, 10-day streamflow periods, as separated at the end of the
tenth and twentieth day. Rakness determined the percent of time that
each specific mean daily flow was equalled or exceeded during each of

the 36 time periods throughout the year. Because of the great amount
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of flow information, only specific percentages of time that the mean
daily river flow was equalled or exceeded were included in the flow-
duration tables (4-21).

In this investigation the flow-duration relationships were con-
structed in the same manner as developed by Rakness. The flows that
were equalled or exceeded in the White River and Little White River
(and its tributaries), were depicted for specific percentages of. time
throughout the year. Tables 2, 3, 4 and 5 show the flow-duration
relationships for the stations near Oglala, Kadoxa, White River and
Oacoma in the White River Basin, for indicated periods of the year.
Flow-duration tables for each of the other six gaging stations in the
basin are located in Appendix A. The maximum and mean flows were also
included in the tabkles for the 36 indicated periods of the year.

The USGS streamflow gaging station at Oglala is the furthest
station upstream in the White River in South Dakota. The streamflow
data at the stations near Kadoka, White River and Oaccma were used
extensively in this investigation in later sections dealing with water
quality and irrigation development. At the present time, the furthest
gaging staticn downstream in the White River Basin is located near
Oacoma.

Figures 2 and 3 graphically illustrate percentages of time that
specific flcws are equalled or exceeded near Oglala and Oacoma. Thus,
these figures were prepared directly from the information in Tables 2
and 5. The figures show percentages of time cf flow for the 36 indi-
cated periods during the year. Interpolations may be used for flows

2 1'$630
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TASLE 2 FLOW DUPATION AND MEAN FLOW FOR THE WHITE RIVER
Y FOR INDICATED PERIODS OF THE YEAR

Staticn: Oglala
Period of Record: 6/1943-9/1970
USGS Staticn No.: 64460

Flow (cfs) That Was Equalled or Exceeded during Indicated Period of Record

Time Ferceat of Time UEAN
Period 100% & 90% 8C% 70% 60% $0% 25% 10% MAX TLOW(cfs)
January

1-10 2.0 5.0 7.0 2.0 10.0 12.0 17.0 25.0 45.0 13.8
11-29 2.0 S.0 7.0 8.0 9% 0y ¥ 1050 17.0 25.0 40.0 13.2
21-31 0.0 NS 7.0 9.0 10.0 11.0 20.0 30.0 50.0 ] 14.7

February

1-10 2.'S 6.0 10.0 12.0 16.0 22.0 33.0 40.0 130.0 25.2

il-20 2.0 7.0 12.0 16.0 20.0 25.0 38.0 55.0 180.0 30.3
31-28/29 3.0 1c.0 15.0 18.0° 25.0. 30.0 50.0 85.0 280.0 41.0
March

1-10 4.0 14.0 20.0 25.0 30.0 35'.0 75.0 1223.0 2490.0 116.8
11-20 21,9 24.0 30.0 35.0 44.0 60.0 150.0 273.0 1720.0 130.8
21-31 8.0 26.0 35.0 47.0 61.0 72.0 154.0 321.0 1140.0 137.4

April

1-10 8.0 21.0 31.0 38.0 42.0 &9.0 86.0 125.0 478.0 66.C
11-20 6.1 17.0 23.0 30.0 37.0 44.0 76.0 123.0 417.0 62.3
21-30 3.1 15.0 22.0 26.0 31.0  %3.0 67.0 104.0 710.0 62.9

May

1-10 2.2 14.0 24.0 35.0 u43.0 S2.0 82.0 128.0 1010.0 76.0
11-20 155 16.0 25.0 31.C u0.0 45.0 80.0 142.0 1290.0 79.0
25-30 5.7 23.0 27.0 32.0 39.0 49.0 122.0 357.0 1960.0 147.0

June

1-10 3.3 16.0 28.0 3u4.0 43.0 63.0 116.0 231.0 1nfN.0 110.0
1i-20 5.9 16.0 28.0 36.0 48.0 76.0 245.0 747.0 2950.0 285.0
21-30 2.2 11.0 19.0 26.0 38.0 53.0 136.0 363.0 3870.0 189.0

July

1-10 0.9 8.0 11.0 16.0 23.0 .0 80.0 200.0 1550.C 83.0
11-20 0.4 8.0 13.0 16.0 24.0 3.0 69.0 133.0 1110.0 73.8
21-31 0.0 7.0 12.0 15.0 24.0 29.0 53.0 110.0 1280.0 61.8

August

1-10 0.0 3.9 7.0 9.6 16.0 23.0 40.0 78.0 528.0 36.7
11-20 0.0 4.6 6.0 8.5 1u4.0 19.0 33.0 62.0 320.0 30.€
21-31 0.0 1% 4.8 7.0 10.0 12.0 27.0 us.0 272.0 23.8

September ;

1-10 0.0 1n 6.0 7.3 10.0 11.0 25.0 54.0 571.0 25.2
11-29 0.0 3.0 S.1 6.8 8Jdo. " 13.0 21.0 52.0 340.0 23.3
21-30 0.0 0.8 5.0 8.9 11.0 1.0 23.0 68.0 1730.0 38.1

October J

i-10 0.0 2.7 6.0 7.0 9.6 13.0 27.0 41.0 92.0 18.9
11-20 0.0 2.5 5.0 7.0 9.0 19.0 19.0 40.0 155.0 17.4
21-31 2.0 2.8 7.0 9.0 12.0 17.0 22.0 28.0 53.0 16.0

November

1-20 0.0 4.4 4N 11.0 13.0 16.0 25.0 35.0 141.0 18.5
11-2¢ o U0 S.u 7.0 130" 160+ 18.0 26.0 26.0 51.0 19.4
21-39 0.1 7.0 8.1 1050~ “15%614 8.0 25.0 31.0 104.0 18.8

Decerber

1-10 05 8.0 9.0 10.0 12.0 6.0 25.0 36.0 118.0 19.0
1:-20 0.5 4.5 8.3 955 F , 12,100 -1u,0 20.0 28.0 51.0 13,8
21-32 2.0 SX0 8.0 9IS 12.0 14.0 19.0 30.0 3uu.0 18.9

#® cfquivalent to the mirimum flow recorded
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TABLE 3 FLOW DUTATION AND MEAN FLOW FOR THE WHITE RIVER
FOR INDICATED PERIODS OF THE YEAR

Station: Kadcka
Period of Record: 7/1942-9/1370
USGS Station No.: 64479

Flow (cfs) That Was Equalled or Exceeded during Indicated Period of Record
Time Percent of Time MEAN

Period 1008 * 90% 80% 70% 60% s0% 25% 10% MAX FLOW(cfs)
January

1-10 0.0 1.0 4.0 8.0 13.0 16.0 30.0 50.0 300.0 27.1
11-20 0.0 0.0 5.0 9.0 12.0 16.0 35.0 $5.0 550.0 29.2
21-31 0.0 2.0 5.0 8.0 10.0 16.0 40.0 80.0 500.0 33.0

February

1-10 9.0 5.0 10.0 15.0 22.0 30.0 65.0 200.0 2,0u40.0 90.7

11-20 0.0 8.0 20.0 30.0 40.0 50.0 100.0 250.0 2,0G0.0 98.1
21-28/29 0.0 18.0 34.0 50.0 60.0 95.0 180.0 300.0 1,5C0.0 156.5
March

1-10 1.0 25.0 50.0 80.0 110.0 1u0.0 250.0 600.0 6,130.0 368.5
11-20 7.0 35.0 90.0 112.0 175.0 270.0 828.0 1,930.0 7,270.0 786.9
21-31 14.0 68.0 163.0 223.0 300.0 358.0 875.0 1,750.0 7,3u4C.0 737.6

April

1-10 8.0 73.0 108.0 128.0 161.0 191.0 403.0 980.0 2,510.0 363.3
11-20 11.0 53.0 68.0 92.0 128.0 167.0 316.90 662.0 2,880.0 289.4
21-30 9.0 u49.0 61.0 93.0 118.0 133.0 291.0 1,220.0 6,170.0 uu7.4

May

1-10 12.0 u7.0 85.0 109.0 134.0 163.0 u41.0 1,290.0 9,800.0 551.0
11-20 8.0 58.0 105.0 128.0 155.0 186.0 396.0 1,160.0 1,340.0 u78.0
21-31 18.0 64.0 80.0 98.0 120.0 155.0 577.0 2,150.0 10,3%0.0 752.0

June

1-10 7.0 35.0 66.0 115.0 157.0 260.0 . 616.0 132.0 1,26G.0 526.0
11-20 17.0 u46.0 100.0 176.0 253.0 370.0 1,550.C 3,690.0 16,506.0 1,413.90
21-30 7.0 39.0 76.0 105.0 134.0 224.0 702.0 2,520.0 14,500.0 880.0

July

1-10 4.2 33.0 51.0 79.0 98.0 127.0 264.0 625.0 5,190.0 276.0
1i-20 0.0 13.0 44.0 66.0 87.0 119.0 300.0 800.0 4,870.0 340.0
21-31 0.0 13.0 29.0 47.0 98.0 127.0 282.0 785.0 10,200.0 322.0

August |

1-10 0.0 1.6 9.0 27.0 53.0 86.0 200.0 500.0 4,220.0 207.0
11-20 0.0 1.6 6.4 19.0 30.0 51.0 148.0 390.0 3,100.0 i68.0
21-31 0.0 0.6 6.0 - 13.0 22.0 35.0 « 94.0 330.0 2,720.0 112.0

September

1-10 0.0 0.0 1.2 3.8 12.0 20.0 56.0 128.0 3,150.9 88.9
11-20 0.6 0.0 0.5 3.6 7.8 13.0 60.0 340.0 8,370.0 151.0
21-30 0.0 0.6 1.0 3.2 s.1 = 1l1.0 64.0 250.0 11,400.0 153.0

October )

1-10 0.0 0.0 1.0 3.0 Tico 18.0 56.0 1f6.0  2,420.0 8l.8
11-20 0.0 0.0 3.4 7.0 11.0 21.0 71.0 235.0 1,340.0 85.9
21-31 0.0 S o7 8.0 11.0 550 26.0 49.0 160.0 1,u70.0 781

November i

1-10 0.0 10.0 4.0 19.0 25.0 28.0 64.0 160.0 2,120.0 74.8
11-20 T 0.2 7.8 17.0 21.0 26.0 3.0 56.0 96.0 §28.0 55.2
21-3G0 1.0 8.0 12.0 20.0 26.0 33.0 57.0 90.0 462.0 47.8

December 3

1-10 2.0 5.0 19.0 15.0 20.0 27.0 55.0 ~70.0 120.0 35.2
11.2¢ .0 4.9 9.0 14.0 18.0 22.0 45.0 70.0 120.0 31.6
*21-31 0.0 4.0 9.0 12.0 15.0 20.0 45.0 70.0 1,200.0 40.3

Equivalent to the minizum flow recorided



TAELE 4 proy DUPATION AND MTAM FLOW FOR THE LITTLE WHITE RIVER

Station: White River

Period of Record:
USGS Station No.:

10/1949-9/1970
64505

FOR INDICATZD PERIODS OF THE YEAR

Flow (cfs) That Was Equalled or Exceeded during Indicated Period of Record

Time h Percent of Time MEAN
Period 100% 9o0% 80% 70% 60% 50% 25% 10% MAX FLOW(cfs)
January
1-10 10.0 30.0 55.0 70.0 75.0 80.0 95.0 110.0 132.¢C 78.3
11-20 10.0 35.0 60.0 65.0 75.0 80.0 100.0 110.0 120.0 77.8
21-31 20.0 45.0 60.0 70.0 7510 75.0 90.0 100.0 150.0 76.3
February
1-10 30.0 60.0 70.0 75.0 85.0 90.0 100.0 130.0 170.0 90.5
11-20 25.0 70.0 75.0 80.0 90.0 95.0 115.0 150.0 370.0 101.4
21-28/29 25.0 80.0 95.0 100.0- 100.0 110.0 130.0 160.0 280.0 115.8
March
1-10 40.0 80.0 90.0 110.0 125.0 140.0 170.0 200.0 1,100.0 146.7
11-20 70.0 90.0 115.0 127.0 145.0 158.0 221.0 §50.0 2,710.0 274.9
21-31 38.0 107.0 148.0 168.0 192.0 204.0 380.0 690.0 5,220.0 395.3
April
1-10 82.0 120.0 1t5.0 162.0 182.0 267.0 294.0 394.0 1,470.0 262.5
11-20 71.0 1:€3.0 117.0 138.0 156.0 171.0 220.0 280.0 608.0 185.0
21-30 68.0 92.0 113.¢ 126.0 1u43.0 162.0 230.0 3u1.0 2,130.0 200.€
Kay
1-10 62.C 21.0 112.0 127.0 147.0 170.0 213.0 263.0 2,440.0 221.0
11-20 S4.0 10C6.0 122.0 130.0 139.0 150.0 200.0 259.0 1,300.0 180.0
21-31 62.0 90.0 100.0 109.0 118.0 130.0 217.0 330.0 2,430.0 190.0
June
1-10 $3.0 75.0 85.0 96.0 110.0 120.0 166.0 251.0 7,470.0 235.0
11-20 61.0 73.0 84.0 103.0 110.0 127.0 244.0 422.0 7,590.0 281.0
21-30 44,0 S7.0 80.0 98.0 110.0 131.0 188.0 326.0 3,630.0 210.0
July
1-10 38.0 S4.0 67.0 80.0 87.0 96.0 147.0 218.0 854.90 123.0
11-20 29.0 46.0 52.0 59.0 67.0 78.0 112.0 190.0 4,040.0 14€.0
21-31 7.0 38.0 46.0 50.0 59.0 66.0 122.0 214.0 382.0 96.6
August
1-10 25.0 38.0 48.0 S4.0 $8.0 62.0 86.0 136.9 621.0 81.0
11-20 27.0 40.0 47.0 S8.0 64.0 68.0 87.0 127.0 686.0 83.6
21-31 7.0 37.0 49.0 Su4.0 58.0 62.0 17.0 105.0 272.0 68.0
Septemter
1-10 7.0 33.0 42.0 47.0 51.0 S7.0 71.0 85.0 416.0 61.6
11-20 20.0 u4l1.0 48.0 53.0 7.0 63.0 79.0 99.9 639.0 70.9
21-30 20.0 44.0 49.0 52.0 5S5.0 59.0 74.0 86.0 196.0 63.9
October
1-10 28.0 48.0 52.0 57.0 61.0 64.0 75.0 87.0 491.0 71.1
11-20 48.0 £8.0 62.0 64.0 68.0 71.0 8u.0 103.0 268.0 77.1
21-31 29.0 61.0 66.0 70.0 75.0 78.0 91.0 106.0 139.0 8l.0
Novenber
1-10 26.0 S8.0 64.0 68.0 73.0 76.0 S0.0 100.0 1u8.0 78.8
11-20 22.0 S1.0 66.0 69.0 76.0 8l1.0 93.0 102.0 152.0 81.0
21-30 35.0 5C.0 66.0 70.0 79.0 86.0 101.0 117.0 162.0 85.2
Decenber
1-19 17.0 ug8.0 5S5.0 65.0 70.0 79.0 95.0 110.0 164.0 79.1
11-2C 29.0 45.0 5.0 63.0 70.0 80.0 100.0 115.0 158.0 75.4
21-32 23,0 59.0 63.0 65.0 70.0 75.0 9G.0 1C64.0 156.0 76.7

. Equivalent to the minimum flow recorded
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TA3LE 5 FLOW DURATION AND MEAN FLOW FCR THE WHITE ®IVER
FOR INDICATED PERIODS OF THE YEAR

Statlon: Oacoma
Period of Reccri:
USGS Station.No.:

9/1928-9/1970
6u520

Flow (cfs) That Was Equalled or Exceeded during Indicated Period of Record

Tinme a Percent of Time MEAN
Period 100% 90% 80% 70% 60% s0% 25% 10% MAX FLOW(cEs)
January
1-10 5.5 14.0 22.0 40.0 50.0 60.0 80.0 130.0 250.0 64.1
11-20 5.0 11.0 23.0 35.0 45.0 $3.0 70.0 110.0 200.0 58.4
21-31 S.0 15.0 30.0 40.0 45,0 50.0 85.0 150.0 320.0 70.0
February
1-10 4.8 20.0 30.0 u4.0 50.0 55.0 120.0 238.0 1,600.0 107.7
11-21 6.0 24.0 45.0 5.0 70.0 90.0 160.0 usu.0 3,600.0 199.0
21-28/29 10.0 u.0 60.0 78.0 100.0 150.0 300.0 600.0 4,000.0 306.0
March
1-10 11.0 90.0 100.0 155.0 230.0 312.0 ?00.0 2,000.0 10,200.0 792.4
11-20 40.0 120.0 219.0 290.0 400.0 S515.0 1,030.0 2,800.0 18,300.0 1,369.5
21-31 50.0 215.0 318.0 456.0 600.0 786.0 1,740.0 450.0 44,000.0 1,774.3
April
1-10 52.0 208.0 298.0 402.0 488.0 586.0 1,280.0 2,400.0 26,200.0 1,214.4
11-20 108.0 219.0 276.0 355.0 420.0 S512.0 934.0 1,650.0 5,940.0 782.0
21-30 108.0 190.0 236.0 276.0 332.0 436.0 872.0 2,040.0 11,7€0.0 912.0
May
1-10 84.0 175.0 216.0 293.0 355.0 424.0 972.0 2,120.0 30,700.0 1,454.0
11-20 46.0 1237.0 218.0 304.0 376.0 429.0 833.0 2,240.0 26,300.0 1,253.0
21-30 24,0 10S.0 200.0 252.0 324.0 405.0 1,060.0 2,780.0 11,400.0 1,050.0
Jure
1-10 21.0 156.0 210.0 320.0 4l11.0 60u4.0 f,200.0 2,190.0 20,870.0 1,155.0
11-20 34.0 116.0 185.0 300.0 431.0 623.0 1,800.0 4,080.0 18,:00.0 1,686.0
21-30 70.0 123.0 200.0 246.0 302.0 418.0 1,190.0 4,000.0 12,000.0 1,238.0
July
1-10 0.5 S52.0 111l.0 170.0 234.0 295.0 755.0 1,330.0 10,000.0 614.0
11-20 0.7 56.0 122.0 160.9 190.0 229.0 478.0 883.0 19,900.0 527.0
21-31 0.5 ul.0 75.0 104.0 140.0 197.0 390.0 864.0 4,830.0 381.0
August
1-10 0.5 32.0 55.0 76.0 123.0 154.0 308.0 648.0 5,360.0 307.0
11-20 0.6 20.0 39.0 .59.0 90.0 131.0 295.0 725.0 6,980.0 30z.0
21-31 0.6 13.0 $2.0 68.0 93.0 116.0 254.0 S40.0 7,900.0 265.0
September
1-10 0.8 19.0 37.0 52.0 69.0 8€.0 168.0 383.0 4,180.0 191.0
11-20 1.5 21.0 36.0 46.0 56.0. 66.0 107.0 323.0 3,700.0 161.0
21-30 6.0 20.9 31.0 40.0 513%.0 65.0 176.0 497.0 7,040.0 229.0
October
1-19 9.0 24,0 32.0 46.0 57.0 67.0 163.0 335.0 4,980.0C 168.0
11-20 18.0 34.0 41.0 56.0 65.0 82.0 160.n 388.0 2,630.0 176.0
21-31 26.0 45.0 57.0 69.0 80.0 95.0 167.0 247.0 2,070.0 1u48.0
November
1-10 14.0 47.0 66.0 74.0 88.0 99.0 141.0 248.0 1,660.0 1u48.0
11-20 9.0 35.0 60.0 75.0 92.0 1€¢1.0 152.0 250.0 1,420.0 138.0
21-30 5.0 23.0 40.0 50.0 80.0 90.0 13%.0 200.0 $98.0 108.0
December
1-10 S.0 23.0 35.0 46.0 60.0 70.0 100.0 160.0 €08.0 85.3
11-20 2.6 14.0 23.0 40.0 S0.0 6G.0 95.0 160.0 320.0 75.0
21-31 2.0 15.0 20.0 40.0 50.0 60.0 95.0 150.0 320.0 72.6

Equivalent to the minimum flow recorded
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Figure 2. Seasonal flow-duration relationships for the White River at

Oglala, South Dakota.
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not in the tables or not shown on the figures. Similar duration
figures may be drawn for each of the caging station tables.

By using this type of table and figure, seasonal variations of
streamflows can be studied. Percentages of time that specific stream-
flows were available can be studied for specific time periods and
locations under investigation. For example, Figure 2 shows the flow
relationships near Oglala, South Dakota. In order to determine the
percentage of time at any given 10-day period of the year that a
specific flow is equalled or exceeded, one could locate the flecw on
the ordinate and follow horizontally across the graph. For example,
at Oglala the flow of 75 cfs was equalled or exceeded 50 percent of
the time in the second 10-day period in June during the period of
record. Similar determinations could be made for other flows at
other time periods.

The recorded flows depicted by the 100 percent line in each of the
flow duration figures represent the minimum flows recorded during each
of the 36 time periods during the year. The Ozacoma streamflow station
has had flows recorded since 1928 and Figure 3 shows a drastic decrease
in the minimum flows recorded in July, August and September. These
very low mirnimum flows may have been recorded during the grezt drought
of the 193C's. Figure 2, representing the Oglaia flows, reflects the
same characteristic for these respective months even though the flow
records date back to only 1943. The very low minimuin flows during the

July through September period at both stations may in part reflect the




withdrawal of water for irrigation. The minimum flcws were sc small
that an extended drought could make them non-existent.

The compilation of streamflow data may be used to investigate
problems in water usage, wastes disposal, power development ard sedi-
mentation control (4-14). The shape of the fiow curation curves may
often reflect river basin characteristics such as geology, topography,

vegetation and precipitation (11-1085).



CHARACTERISTICS OF STREAMFLOW IN THE

WHITE RIVER BASIN

The average annual precipitation in the White River Basin ranges
from 15-18 inches (12). Approximately 80 percent of this precipi-
tation occurs during the April-to-Sepiember crop-grcwing season (13).
Early spring snowmelt, spring rains and thunderstorms during these
important months, are the principal contributers to the streamflows
made available in the White River and its tributaries (14-20). Ground-
water storage provides water for flows primarily during the winter

months in some areas of the White River Basin (14-20).

Past Minimum Flows

One possible effective method of looking at the characteristics
of streamflow in the White River Basin is to study minimum flow clas-
sifications or minimum rates of flow. The White River and Big Sioux
River, contributors to the Missouri River, are the only two South
Dakota tributaries to the Missouri River that have not experienced a
zero flow at their junctions with the Missouri River in the last 40
years (13-1). The Little White River is one of the very few small
tributaries in South Dakota which does not experience zero flow for
extended periods of the year (13-1).

The minimum streamflows at each of the USGS gaging stations varied
within the basin and were often zero during the winter months in some

areas. The extent to which beneficial uses (such as irrigation) can
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be employed are 'limited directly by minimum available flows in the
White River and its tributaries.

The minimum flows above the Little White River at the Oglala
station (Table 2) were usually less than 10 cfs throughout the year
and less than one cfs from the end of June to the end of December.

At Kadoka (Table 3) the minimum flows were less than 20 cfs throughout
the year and less than two cfs from mid-July to the first part of
March.

By contrast, for those stations along the Little White River
and its tributaries (Spring Creek and Lake Creek), the flows have
almost never been recorded as zero. One exception was at Tuthill
(below refuge). This station is near the discharge point of a small
reservoir, where the flow was semi-regulated. At Tuthill (below
refuge) the flow was zero or nearly zero from April to November. At
St. Francis on Spring Creek the minimum flows have always been less
than two cfs and most often they were zero. However, the minimum flows
at Rosebud and White River along the Little White River were generally
greater than 10 cfs and often greater than 25 cfs.

The station at Oacoma is the only station below the mouth of the
Little White River. Oacoma minimum flows were 108 cfs in late April.
The lowest minimum for a 10-day period was 0.5 cfs in July.

For a few monthly periods during the year the minimum flows at
the station on the Little White River near the town of White River

(upstream from the Qacoma station), have been greater than those near
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Oacoma on the river mainstrem. This would appear tc be a discrepancy.
Flow records for the White River station date back to 1949 while the
flows at Oacoma were recorded since 1928. Consequentiy, the low flows
resulting from the dry 1930's were not recorded near White River,
South Dskota. The fact that these two stations had different lengths

of flow records may account for the minimum flow discrepancy.

Mean and Median Flows

The mean or average flow for a specific time period is equal to
the sum of all the daily flows during that period, divided by the
number of flow values. In many studies of water rssources develop-
ment, mean flows are used to interpret availability of water at
specific locations for specific time periods.

The median flow can be defined as that flow which occurs in a
stream 50 percent of the time during a specific period. That is, one-
half of the total number of flows during a specific time period is
above the median flow and the other half of the total number of flows
is below the median value.

In this investigation, the median flcws were considered to be
more characteristic of the past actual available flows in the White
River than the mean flows for the same location. In the White River
some cf the streamilow stations had flows that were sc low that a few
heavy runoff events cculd influence the mean flow drastically, giving
an unrealistic impression of the available flows. For example, at

Kadoka (Table 3) the mean or average flocw for the second 10-day period



in September was 151 cfs while the median flow was only 13 cfs. The
months of March through June reflect ilhis same general characteristic.
The station near Oacoma also had similar differences between mean and
median flows.

Figure 4 shows the relationship between the months of the year
and the median flows in cubic feet per second at the Oglala, Kadoka
and Oacoma stations. Similar figures can be drawn for any of the
gaging stations in the White River Basin. The figure shows the vari-
ability of the median flows at the three locations. As shown in the
figure, the median flows increase for most periods throughout the year
from Oglala to Kadoka to Oacoma as drainage basin areas increase. The
two most distinctive peaxs in median flows occurred about the end of
March and the middle of June. After June, the median flows generally
decrease at the three locations until the month of September after
which the flow in the river increases slightly during the months of
October and November (Figure 4). The increase in flow during the fall
presumably is associated with the lower transpiration losses from

groundwater after frost kills the vegetation in the basin.
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WATER QUALITY CONSIDERATIONS FCR THE

WHITE RIVER BASIN

General

In 1967, the South Dakota Committee on Water Follution adapted
Water Quality Standards for the surface waters of South Dakota. Prior
to adapting the standards, consideration was given to the general
quality of surface waters throughout the state. After mincr revisions,
the Environmental Protection Agency (EPA) aporoved these standards in
1971 (13).

Water quality of most South Dakota streams varies with the flow
fluctuations and geology of the basin areas. Calcium, magresium,
sodium, and potassium are present in all South Dakota surface waters
in combination with bicarbonates, sulfates and chlorides (13-1). The
most abundant combinations at high flows involve calcium and magnesium
with carbonates and bicarbonates. At low streamflows salts such as
sodium sulfate and sodium chlorides may predominate. The hardness in
the streams in South Dakota varies from an average of 160 mg/l to over
500 mg/1 (13-1). Suspended solids may exceed 20,000 mg/1 at high
flows with 50,000 mg/l in some tributaries (13-1).

Table 6 includes the estimated ranges of concentrations of con-
stituents of water quality in the White River at three sampling
locations {12-4). The two locations on the White River were at Kadoka

and Oacoma, while the samples collected at White River were on the



Table 6. Streamflow Water Quality Approximations and Actual Results for Three Locations on the
White River and Little White River (13) (15).

White River

Little White River

Kadoka Oacoma White River

Estimated Actual Estimated Actual Estimated Actual
Characteristic (13) (Appendix B) (13) (Appendix B) (13) (Appendix B)
Hardness 50-150 64-140" 160-200 0-72 100-200 141
(mg/1, CaC03)
Specific 400-700 435-1505 500-1000 505-540 300-500 416-418
Conductance
(mmhos/cm@ 25°C)
Tozal Dissolved -~ 300-600 421-1230 300-600 332-404 200-400 306-307
Solids (TDS) (mg/1)
Chlorides 5-20 5-18 5-30 1-2 1-5 0]
(mg/l, Cl)
Sulfates 50-200 65-481 100-300 98-155 20-50 16-41
(mg/l’so4)

8¢



29

Little White River. The estimated ranges were obtained from water

quality samples taken during the late 1950's and early 1960's {(13-2).

Water Quality at Three Different Locations in the White River Basin i

Unfortunately, streamflow samples from the White River &are not
routinely tested for water quality. However, several samples have j

been analyzed by the Division of Sanitary Engineering and Environmental

Protection, State Department of Health in Pierre, South Dakota. The ;
streamflow samples have been taken as grab samples in the White and
Little White Rivers near the communities of Kadoka, White River and
Oacoma (15). Appendix B contains the actual flows and quality char-
acteristics for streamflow samples taken at these three locations.
Table 6 shows a comparison cf the estimated streamflow quality to
the actual quality results from the tables in Appendix B. It can be
observed that the actual quality cf streamflow samples for the three i
locations falls within or close to the approximate ranges in many cases.
However, there were some exceptions. At Kadoka, the specific con-
ductance, total dissolved solids and sulfate results were higher at
low fiows than the approximate ranges in Table 6. The actual water
quality results showed that the sulfate, total hardness and chloride
concentrations were close to the estimated ranges of the three loca-
tions. 1
Appendix B contains the results of the analysis of only nine

sanples from the White River Basin, five at Kadoka and two at each of
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the other stations. These weres the only chemical quality data for
the White River that could be located. It is recognized that these
few samples would not reveal the entire range c¢f values for the vari-
ous constituents included in Table 6 and that more samples at variocus

flow ranges would be beneficial.



DESIGNATED BENEFICIAL USES OF THE WHITE RIVER EASIN

After holding public hearings as proviced by law, the South
Dakota Committee on Water Pollution designated beneficial uses for all
the lakes, sireams, and rivers in South Dakota (16-III-1). The com-
mittee adopted a policy to maintain the existing water quality if
better than the established standards unless a change is properly
justified. Any new source of pollution or increased pollution from
old sources weuld have to be treated to maintain the high quality
present in the streams (16-1I1I1-1).

The designation of the beneficial uses does not limit nor pro-
hibit any of the water resources from being used for other than those
listed (16-III-2). The major uses of surface waters in South Dakota
are divided into seven primary categories with several sub-categories.
The beneficial uses included in the Standards (16) are indicated by
number and letter as follows:

1. Domestic water supply

2. Fish life propagaticn

2a. Cold water permanent

2b. Cold water marginal

2c. Warm water permanent

2d. Warm water semi-permanent
2e. Warm water marginal

3. Recreation

3a. Immersion sports
3b. Limited contact recreation

4, Wildlife propagaticn and stock watering
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5. Irrigation
€. Commerce and industry

7. Intermittent stream (categery not assigned to particular
streams since its application is dependent on streamflow).

The beneficial uses designated for the mainstem of the White River
and the South Fork {Little White River) are warm water semi-permanent
fish 1life propagation, limited contact recreation, wildlife propagation,

stock watering, and irrigation (16).

Fish Life Fropagation

The different categories for fish life propagation were set up
mainly because certain fish are more tolerant of adverse conditions
than others. The warm water semi-permanent sub-category of fish life
propagation was established for the rivers and streams of the White
River Basin. The principal species of fish in this category are wall-
eye, perch, northern pike or channel catfish (13-14).

The quality criteria for warm water semi-permanent fish life
propagation and results from samples taken near Kadoka, White River
and Oacoma are summarizéd in Table 7. The sample data may not be
sufficiently representative for a complete comparison with the Standards
in that only a few samples were taken.

A comparison of the quality criteria for the warm water semi-
permancnt fish life category to the guality of samples taken near
Kadoka, White River and Oacoma (Table 7) reveals several quaiity con-

cerns. Suspended solids, iron and turbidity concentrations were well



Tuble 7. Quality Criteris and Past Streamflow Quality Near Kadoka, White River, and Oacoma in the

White River Basin.

Fish Life Propagation Use Category (13) (15).

Parameter

Dissolved
Oxygen

(mg/1)
Iron (mg/1)
pi

Suspended
Solids (mg/1)

Temperature

eE)
Turbidity
("5 gy

Limit

greater
than
5.0

0.2
6-3-9-0

90

90

100

Kadoka Samples,

1968-1970

7.4-12.4

0.0-1.1

703"8-8

200-1219

<77

200-670

White River
Samples, 1968

0.26-0.34
7.6-8-3

180-194

< 69

Oacoma Samples
1968-1969

208-4-0
7.6-802

5655-8141

< 68
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above the recommended limits. Suspended solids may cause abrasive
injuries to fish life as well as the clogging of gills and respiratory
passages. The settling of sclids may also blanket stream bottoms to
kill fish eggs and food or to destroy spawning areas (17-280). High
turbidity can screen out sunlight essential to the production of fisnh
food (17-280). The deposition of iron salts can cause gill irritation
and also block respiratory systems (17-202).

The water quality data show that the suspended solid results for
the two White River locations (Kadoka and Oaccma) were quite high. The
maximum suspended solids value occurred at Oacoma. The flow at that
time was 880 cfs and the suspended solid results showed a peak of
8,141 mg/l. Consequently, it would appear that the existing water
quality in the White River Basin did not meet the criteria
for the warm water semi-permanent sub-category at the particular
sampling times at the three locations. With so few samples analyzed,
however, it is difficult to judge the overall quality throughout the
year although high suspended solids concentrations would be expected

at high flows.

Limited Contact Recreation

The sub-category of limited contact recreation (3b) applies to
the streams of the White River Basin. This division of recreation
includes fishing, boating, sailing, picnicking and other related
recreation (13-16). The recreation criteria usually apply during the

summer mcntns only; however, if the waters are used for winter recre-

ation, the limited contact recreation criteria would apply (13-17).



Coliform organisms and fecal coliform organisms are of prime con-
cern in this recreation sub-category. At Oacoma the coliform group
had a Most Probaple Number (MPN) of 1,500 per 100 miililiters of sample
(15). Samples taken near White River and Kadoka show fecal coliform
concentrations ranging from 14 to 320 per 100 milliliters of sample by
membrane filter technique (15). The values set for quality limits for
limited contact recreation are well above those actually determined
near the three locations of Kadoka, White River and Oacoma (13-17).
Although only a few samples have been evaluated for coliform concen-
trations, the White River does appear to meet the quality standards

set for limited contact recreation.

Wildlife Propagaticn and Stock Watering

The category of wildlife propagation and stock watering provides
» criteria to help protect water habitat for aquatic and semi-aquatic
wild animals and fowl. It also provides quality criteria for domestic
stock watering. All surface waters in the state are used to some ex-
tent for stock watering (13-3) and this use is ascribed to all streams
and lakes within South éakota. Any pollution prohibiting growtb or
physical impairment or causing injurious effects to wild and domestic
animals or fowl is forbidden (13-17).

Given in Table 8 are the established limits and quality data from
river samples near Kadoka, White River and Oacoma. On the dates which

the camples were taken at these three locations, the streamflow quality



Table 8. Quality Criteria and Past Streamflow Quality Near Kadoka, White River and Oacoma in the

White River Basin.

Wildlife Propagation and Stock Watering Use Category (13) (15).

Parameter Limits Kadoka Samples White River Samples Oacoma Samples
1968-1970 1968 1968-1969

Alkalinity, 750 152-248 180-184 112-156

total (mg/1,

Total Dissolved 2500 421-1230 487-500 332-404

Solids (TDS) (mg/1)

Conductivity 4000 1505 418 505-540

(1nmhos,/cm

@ 25°C)

(mng/1, NO5;)

pH 600-905 603-900 703-808 7-6"’8-2

%
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was very satisfactory for the wildiife and stock watering use based
on the established iimits. Alkalinity, total dissolved solids (IDS),

conductivity, and nitrates were well below the limits.

Irrigation

When water for irrigation is applied to land some runs off the
surface, some evaporates or transpires from plants while the remaining
infiltrates into the soil. The water retained by the soil is known
as "soil solution." The soil solution tends to become more concen-
trated as relatively pure water is lost or used by plants (17-106).
Dilution of the soil solution can be accomplished by applyina frech
irrigation water in excess (17-107).

Absolute permissible 1limits of salt concentrations in irrigation
waters are difficult to establish for several reasons. Plants vary
widely in their salinity tolerance. Temperature, rainfall, humidity
and soil types influence reactions of crops to salt constituents. In-
terreactions between salt constituents can also have some deleterious
effects on the soil and crops (17-107). In an irrigation system, gocd
drainage of the soil may be more important than the salts content of
the water being applied. Salt concentrations in natural irrigation
waters are rarely so high as to cause immediate crop damage (17-107).
If leaching does not take place, salts can eventuzlly accumulate in
the soil to harm plant grewth (17-107).

Some salts in limited amounts are essential to promote plant

growth, but they may be toxic above certain concentrations. Because
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there are so many variables involved, the standards for the classifi-
cation of arbitrary corcentration limits for irrigation waters can not
be too rigid (17-107).

There are three main characteristics of water which have been
generally accepted to determine suitability of water for irrigation.
The three include the following:

(a) the salinity hazard as indicated by the total dissolved
salts concentration in milligrams per liter or specific,
conductance in micromhos per centimeter at 25°C,

(B) &£he percent sodium of the total cation concentrations, and

(c) the Sodium Adsorption Ratio (SAR).

Waters with total dissolved solids (TDS) of less than 500 mg/1 can
be used with almost no salinity probiem (18-170). If the TDS ap-
proaches 5,000 mg/1, the irrigation water is probably of little value.
Within this range it appears that the suitability of the irrigation
water decreases as the salinity increases (18-170). Irrigation water
with a TDS of about 2,000 mg/l is used regularly (18-170). The salin-
ity hazard as determined by specific conductance values are used
frequently with Sodium Adsorption Ratios to classify water for irri-
gation suitability.

Proper amounts of calcium and magnesium in the soil provide good
soil structure and tilth. If sodium predominates the opposite may be
true (17-108). Sodium in soil consists of 3.0 to 7.0 percent of the
cations with calcium and magnesium having the larger percentages. The
granular soil structure begins to break down if too much sodium:is
present. With high sodium accumulations in the soil the soil pores

brezk down, the pH increases and the soil can become alkaline (17-109).



Table 9. Sodium Adsorption Ratios (SAR), Percent Sodium (¥ Na), Conductivity Near Kadoka, White River
and Oacoma in the White River Basin (15) (17) (19).

LLocation,

Date

-

KADOKA
5-22-63
10-19-68
3-30-69
9-23-69
5-26-70

WHITE RIVER

5-22-68
8-l 69

OACOMA
4-30-68
3=27-69

Ca
me/1

1.796
2.235
1.437
1.118
1.597

2.300
2.400

1.038
1.520

Mg Na K
me/1 me/1 me/1
0.362 5925 0.179
0.559 7.482 0.289
0.239 2.780 0.079
0.156 1.401 0.199
0.280 4.924 0.161
0.477 1.201 0.225
0.403 1.562 0.307
0.156 3.568 0.151
0.321 2.640 0.133

Na ¥*
%

70.3
70.8
61.3
48.8
70.7

SAR¥*¥

Conductivity
mmhos/cm @ 25°C

734
990
435
1505
520

418
416

505
540

TDS

ma/1

608
690
1230
1020
421

306
307

332
404

*The percent sodium is equal to

Na X 100
Na + Ca + Mg + K

lents per liter (me/l) (17-108).

*x
The sodium adsorption ratio equals

Na
[+(ca + Mg)]2

lents per liter (me/1) (17-108).

where the elements are expressed in milliequiva-

- where the elements are expressed in milliequiva-

6€



Calcium will replace sodium in the scil easier than sodium will
replace calcium unless the sodium is in excess. The soil solution is
always more concentrated than the irrigation water itself (17-109).

Water samples from the White River and Little White River *aken
near the communities of Kadoka, White River, and Oacoma show that the
total dissolved solids range frem 300 to 1,200 mg/l. Most of the
samples in these areas have TDS values approximately 600 mg/l or less
(Table 9). In 1969, the TDS at Kadoka was over 1,000 mg/l. Consider-
ing the TDS factor alone, the salinity hazard is not likely to be
great.

Three major criteria are considered when examining the sodium
reiationships of these samples: percent Sodium (% Na), Sodium Ad-
sorption Ratio (SAR), and Specific Conductance (Table 9). The ions
used to calculate these criteria must be converted from milligrams per
liter (mg/1) to milliequivalents per liter (me/l). Conversion factors
used in the % Na and SAR formulas were obtained from Standard Methods
for the Examination of Water and Waste Water (19).

With respect to the proper growth of plant life, three primary
irrigation suitability classes with designated percent sodium (% Na)

ranges are often used as follows (17-109):

Clase % Na Irrigation Suitability
I 0-45 Excellent to gocd for most plants

under most conditions

T 30-75 Good to injurious, harmful to
some under certain conditions of
soils, climate, practices

I 70- Injuricus to unsatisfactory, un-
suitable under most conditions.



These % Na ranges are approximate ranges and do often overlap each
other.

Table 9 shows that the water from the Kadoka and Oacoma samples
had relatively high ¥ Na values. The values range from about 50-70
% Na and, consequently, may not be very suitable for irrigation. The
White River samples had a ¥ Na value of approximately 30 which is much
more acceptable.

The United States Department of Agriculture (USDA) has prepared
a diagram to evaluate the suitability of irrigation water based on SAR
and specific conductance values (17-111). Irrigation waters with low
SAR and low conductivity values are the most acceptable; and, as the
SAR and conductivity values increase, the irrigation waters become
more detrimental to soils and crops (17-110).

The diagram of the USDA shows that SAR values of less than 10 have
a low sodium hazard (17-111). Table 9 indicates that all the SAR
values at the three locations are under 10. Therefore, the sodium
hazard based on SAR of the water in the White River Basin is quite low.

The USDA figure (17-111) also shows salinity hazards in terms of
conductivity. The samples taken near Oacoma and White River had con-
ductivities between 416-540 mmhos/cm at 25°C. This range is in the
medium salinity category. The conductivity of the samples near Kadoka
seems tc be highly variable in that the conductivity ranges from
435-1,205 mmhos/cm. The Kadoka samples show a medium to high salinity

hazard.
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It must be emphasized that the ranges for sodium hazard are ap-
proximate and often overlap because a c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>