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CONVERSION FACTORS

To aid those readers who are interested in the International System of
Units (SI), the factors for converting from the inch-pound units used for
the most part in this report to SI units are given below:

Multiply By To obtain

inch-pound unit SI unit

inch 1/25.4 millimeter

foot _ 0.3048 meter

mile _ 1.609 kilometer

square mile (mi2) 2.590 square kilometer

acre-féot 1,233 cubic meter

cubic_foot per second 28,32 liter per second
(ft3/s)

gallqn per minute (gal/min) 0.06309 liter per second

ton (short) 0.9072 megagram

degree Fahrenheit (°F) 2/ degree Celsius (°C)

1 Exact conversion factor.

2 pegree Celsius = (degree Fahrenheit -32)/1.8.
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SURFACE WATER-QUALITY ASSESSMENT OF THE LOWER KANSAS RIVER BASIN,
KANSAS AND NEBRASKA: PROJECT DESCRIPTION

By J.K. Stamer, P.R. Jordan, R.A. Engberg, and J.T. Dugan

ABSTRACT

In 1986 the U.S. Geological Survey began a National Water-Quality
Assessment Program to: (1) Provide nationally consistent descriptions
of the current status of water quality for a large, diverse, and geo-
graphically distributed part of the Nation's surface-water resources;
(2) where possible, define trends in water quality; and (3) identify and
describe the relation between water quality and natural and 1land-use
factors. This report describes the pilot study of the lower Kansas
River basin, which is one of four surface-water pilot studies that will be
used to test, and modify as necessary, assessment concepts and approaches
in preparation for future full implementation of the national program.

The Tower Kansas River basin drains about 15,300 square miles in
eastern Kansas and Nebraska. Three large, multipurpose Federal reservoirs
(Tuttle Creek, Perry, and Clinton Lakes) are in the study area. The largest
tributary in the study area is the Big Blue River, which drains parts of
Nebraska and Kansas. Land use in the study area is predominantly agricul-
tural; principal crops include corn, grain sorghum, soybeans, and wheat.
The three major urban areas, Topeka, Lawrence, and Kansas City, Kansas,
occupy a very small fraction of the total area.

Water-quality issues in the lower Kansas River basin are dominated by
possible nonpoint sources of contamination from agricultural land. Spe-

cific water-quality issues include: (1) Large sediment discharge in the ™

streams and sediment deposition 1in the reservoirs caused by intensive
cultivation of row crops and subsequent erosion; (2) occurrence of pesti-
cides in streams and reservoirs that could impair the suitability of water
for aquatic life and has the potential for impairing the water's suit-
ability for public supply; (3) bacterial contamination caused by runoff
from pastureland and feedlot operations and municipal wastewater discharges;
and (4) nutrient enrichment of reservoirs.

The study of the lower Kansas River basin will assess each of the
three surface-water components of the basin--the tributaries, the reser-
voirs, and the main stem of the Kansas River. The approach will use fixed-
station, synoptic, and subbasin or river-reach studies. Data from fixed
stations will be used to determine frequency distributions of constituent
concentrations and mass balances of constituents between stations., Synoptic
studies will provide knowledge of the areal variations of water-quality
conditions that cannot be assessed through the fixed-station studies.
Subbasin or river-reach studies will provide a better understanding of
the origin, movement, and fate of potential contaminants.



Quality assurance will be an integral part of the data collection and
laboratory analyses of the samples. Coordination of the pilot study will
be accomplished, in part, by a 1local liaison committee consisting of
representatives from Federal, State, and local agencies.

INTRODUCTION

Background

Public awareness of the importance of water quality has increased
greatly in the past two decades. The Congress has passed such major
pieces of water-related legislation as the Federal Water Pollution Control
Act Amendments of 1972, the Safe Drinking Water Act of 1974, the Resource
Conservation Recovery Act of 1976, and the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980. State and local govern-
ments and industry also have made significant commitments to water-pollution
abatement, Through these combined efforts, the quality of many of the
Nation's rivers and streams has improved significantly even though indus-
trial activity and population have increased with corresponding increases
in water use and in the volume of wastewater discharged. For example, 15
years ago, small dissolved-oxygen concentrations were common in rivers
and streams because of the discharge of large volumes of oxygen-demanding
carbonaceous and nitrogenous substances. Today, as a result of the con-
struction of new wastewater-treatment plants and the upgrading of existing
plants, this is no longer true (Association of State and Interstate Water
Pollution Control Administrators, 1984).

Despite significant progress, several water-quality issues still re-
main. Among them are the possible contamination of surface and ground
water from nonpoint-source discharges, acid precipitation, and the disposal
of hazardous waste. Cost-effective solutions to many of these potential
problems may be difficult because onsite treatment solutions may not be
feasible and may involve changes in industrial processes or land-use
practices, Additional progress in water-quality improvement will require
increased knowledge of the nature and extent of these potential problems,
as well as the physical, chemical, and biological processes affecting
water quality in streams and aquifers.

National Water-Quality Assessment Program

In response to the need for additional knowledge of the Nation's water
resources, the U.S. Geological Survey began a National Water-Quality Assess-
ment Program in 1986 to: (1) Provide nationally consistent descriptions of
the current status of water quality for a large, diverse, and geographically
distributed part of the Nation's water resources; (2) where possible,
define trends in water quality that have occurred over recent decades and
provide a baseline for evaluating future trends in water quality; and (3)
identify and describe the relations of both the status and the trends in
water quality to the relevant natural factors and the history of land use
and land- and waste-management practices. This information will be useful
for examining the likely consequences of future management actions.



For surface water-quality assessments, study areas will be hydrologic
subregions, of which there are 222 in the Nation (Seaber and others,
1984). The program will focus on about 90 of these subregions, selected
to account in aggregate for more than 80 percent of the surface-water
withdrawals in the Nation.

At the proposed full-implementation level, the surface water-quality
assessment program would be conducted on a rotational basis, with about
one-third of the designated study areas undergoing intense data acquisition
and study at any one time. For any given study area, there would be a
3-year period of concentrated data acquisition and interpretation. At the
conclusion of the 3-year period, reports would be written and published
that will assess the quality of the water resource. Following this
intensive phase, data collection in each study area would be maintained
at a smaller scale for 6 years to document any large changes in water
quality that may occur. While 60 areas are studied at a smaller scale,
major efforts would be concentrated in the other 30 study areas, and
thus the level .of national effort would remain constant. In any given
year, the array of intensive study areas would be dispersed around the
Nation.

At present (1986), the National Water-Quality Assessment (NAWQA)
Program is in a pilot phase that will be used to test, and modify as neces-
sary, assessment concepts and approaches in preparation for possible full
implementation of the program sometime in the future. The pilot phase
also provides an opportunity to evaluate the potential benefits and
costs of a fully-implemented program. Seven pilot studies (four surface-
water studies and three ground-water studies) have been started.

Lower Kansas River Basin Project

The lower Kansas River basin in Kansas and Nebraska is one of the four
surface-water pilot-study areas, which also include the Kentucky River
basin in Kentucky, the Yakima River basin in Washington, and the Upper
I1linois River basin in I11inois, Indiana, and Wisconsin., The lower Kansas
River basin was selected as a pilot-study area because it is typical of
the very productive midwestern grain belt that includes irrigated and non-
irrigated cropland and nonirrigated pasture and rangeland. The basin also
includes typical uses of water for irrigation, municipal, and industrial
purposes. To achieve the National goals and objectives, the National plan
of study has been adapted to the hydrologic and land-use conditions of the
lower Kansas River basin.

Specific objectives of the pilot study in the lower Kansas River basin -

are to: (1) Define existing surface water-quality conditions; (2) define.
trends in surface-water quality; (3) calculate average annual constituent
transport; (4) evaluate the impact of surface-water impoundments on down-
stream water quality; and (5) identify stream segments where water quality
may -be impacted adversely by natural processes or human activities..



Purpose and Scope of Report

This is the first report from the pilot study of the lower Kansas
River basin in Kansas and Nebraska. The purpose and scope of this report
are to: (1) Describe the study area of the lower Kansas River basin; (2)
summarize the general water-quality conditions based on existing reports
and data; (3) depict the known water-quality problems and issues; and
(4) describe the 1lower Kansas River basin water-quality assessment.

DESCRIPTION OF LOWER KANSAS RIVER BASIN

The lower Kansas River basin (fig. 1) drains about 15,300 mi2
and coincides with the area defined by the U.S. Water Resources Council
as_hydrologic subregion 1027 (Seaber and others, 1984). Although 7.5
miZ of the subregion lies within Missouri, drainage from this small
area near the mouth of the Kansas River does not impact water use in the
study area and will not be included in the study. The study area does
include the Big Blue River basin in Nebraska and Kansas, as well as
basins of smaller tributaries to the 170-mile Kansas River from Junction
City to Kansas City, Kansas.

The Kansas River is formed by the confluence of the Smoky Hill and
Republican Rivers at Junction City, Kansas (fig. 1). Three large Federal
reservoirs, Tuttle Creek Lake on the Big Blue River, Perry Lake on the
Delaware River, and Clinton Lake on the Wakarusa River, lie within the
Kansas part of the study area.

Land Forms

Land forms in the lTower Kansas River basin are characterized by the
four physiographic divisions shown in figure 1 (Fenneman, 1931). Smooth
plains with little local relief dominate the High Plains division, and
fluvial and eolian deposits comprised of sand, gravel, silt, and clay
underlie this part of the study area. Flatness of topography in the High
Plains provides gentle stream gradients that contribute to only limited
stream dissection and rather broad, poorly defined valleys. The lack of
slope has contributed also to a lack of external drainage in some areas.

The Plains Border physiographic division is more dissected than the
High Plains and thus has greater local relief. It is underlain by shale,
sandstone, and limestone, and minor fluvial and eolian deposits. The
drainage pattern in the Plains Border area is more definite than in the
High Plains. Stream channels are characteristically narrow, well estab-
lished, and bounded by a perceptible series of terraces.

The Dissected Ti11 Plains division is characterized by dissected de-
posits of glacial till comprised of silt, clay, sand, gravel, and boulders
that overlie bedrock of primarily shale and limestone with some sandstone.
Local relief is from 300 to 500 feet in the downstream part of the Big Blue
River basin and generally less than 300 feet elsewhere. Drainage channels
are well entrenched by the tributaries flowing south to the Kansas River.
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The Osage Plains are south of the limit of glaciation and are under-
lain primarily by shale and limestone, with some sandstone. The Osage
Plains in Riley, Geary, and Wabaunsee Counties, Kansas, are underlain
principally by cherty limestone and are known locally as the Flint Hills,
Local relief in the Osage Plains is generally less than 300 feet but ex-
ceeds 300 feet in parts of the Flint Hills., Drainage patterns are well
?g{;ng?,.a1though dissection of the land is less than in the Dissected

i ains,

In both the Osage Plains and the Dissected Till Plains physiographic
divisions, alluvial and terrace deposits comprised of sand, gravel, silt,
and clay occur in major stream valleys. The Kansas River along its path
from Junction City to Kansas City generally separates the Osage Plains from
the Dissected Till Plains in a broad, flat alluvial valley bounded by
rolling hills,

Land Use

Land use in the lower Kansas River basin is typical of the agricul-
tural region of the midwestern United States. Agriculture accounts for
about 95 percent of the land use in the High Plains and Plains Border
physiographic divisions. More than 75 percent of the agricultural land
in this part of the study area is devoted to cultivated crops, and the
balance is devoted principally to grazing. The principal crops in this
part of the study area, in acreage order, are corn, grain sorghum, wheat,
and soybeans. The most intensely cultivated part of the study area is in
the High Plains division, in which about 85 percent of the agricultural
land is cultivated. In this area, soils, topography, and ground-water
availability are well suited for cultivated and irrigated crops. In the
Plains Border division of the study area, about 70 percent of the agricul-
tural land is used for nonirrigated, cultivated crops, and the remainder
is used for grazing.

Land use in the Dissected Till Plains and the Osage Plains is also
predominantly agricultural. These divisions are characterized by more
topographic relief and less ground-water availability than the area of the
basin that lies in the High Plains and Plains Border divisions; thus, the
area is less suited for cultivated and irrigated crops. Principal crops
are grain sorghum, wheat, corn, beans, and hay. The Flint Hills area in
Riley, Geary, and Wabaunsee Counties, Kansas, is mostly grazing land, and
the remaining area in the Dissected Till Plains and Osage Plains is mixed
cropland (30-60 percent) and grazing land.

Although population in the study area is about 500,000, urban devel-
opment represents a very small fraction of the total basin area. The
major urban and industrial areas in the basin are the Kansas part of the
Kansas City metropolitan area, Topeka, and Lawrence, Kansas. Although
the Kansas City metropolitan area is at the downstream end of the basin
and has little effect on the Kansas River, some of its water supplies
are affected by activities in the basin. Other land uses, such as forest,
water, and mining, also occupy a very small part of the total area of
the basin, i '



Climate

Climate in the lower Kansas River basin is characterized by hot, humid
summers and cold winters with no particular dry season. July is normally
the warmest month in the basin with an average temperature of about 25 °C,
and January is normally the coldest month with an average temperature of
about -4 °C. The average annual temperature ranges from about 11 °C in the
northwestern part of the basin to about 12 °C in the southeast.

The frost-free period, a measure of the growing season, averages from
about 150 days in the northwestern part of the basin to about 180 days in
the southeast. The last killing frost in spring normally occurs about
April 30 in the northwestern part of the basin and about April 20 in the
southeast., The first killing frost of autumn generally occurs about October -
10 in the northwest and about October 20 in the southeast. The first
and last frost dates, however, may vary by as much as a month on either
side of the average dates, resulting in considerable variation in the
length of the growing season.

Precipitation in the basin is the most significant climatic factor for
agriculture and surface-water availability because of both temporal and
spatial variability. The 1951-80 average annual precipitation ranged from
about 24 inches in the northwestern part of the basin to about 36 inches
in the southeast (fig. 1). Extreme variability, however, characterizes
annual precipitation patterns. For example, from 1951 to 1980, annual pre-
cipitation on large parts of the basin has ranged from less than 15 inches
to more than 50 inches. The potential for drought, both short and long
term, is always great within this region. The potential for periodic
flooding caused by excessive precipitation and runoff is equally great.

About 75 percent of the precipitation in the basin normally occurs
during the warm season, April through September, which coincides for the.
most part with the growing season. Precipitation during the growing season,
however, is not always sufficient to provide optimal soil-moisture condi-
tions for most crops grown in the study area. Thus, where water supply is
plentiful, irrigation is a common practice.

Potential evapotranspiration ranges from about 49 inches per year in
the northwestern part of the basin to about 43 inches per year in the south-
east (Farnsworth and others, 1982). During the growing season, potential
evapotranspiration normally exceeds precipitation, and during the nongrowing
season, evapotranspiration is much less than precipitation. Because of
minimal evapotranspiration demands, the nongrowing season is, therefore,
the most effective time for precipitation to replenish soil moisture and
to recharge the ground-water system.

Surface-Water Features and Runoff

The Republican and Smoky Hill Rivers, which join to form the Kansas:.
River at Junction City, Kansas, both begin in the plains of eastern Colorado
and flow about 500 miles eastward to their confluence. Thus, the Kansas
River at its beginning receives streamflow from a drainage area of nearly



45,000 miZ, The Republican River, although it drains more than one-half
of the area, provides about one-third of the average flow (about 2,600
ft /s) entering the lower Kansas River study area and the Smoky H111
River provides two-thirds of the flow.

The largest tributary downstream from Junction City is the Big Blue
River, which originates in Nebraska as does its principal tributary, the
- Little Blue River., The Big Blue River enters the Kansas River at Manhattan,
- Kansas, Other principal tributaries that drain from the north to the
Kansas River are Vermillion Creek, Soldier Creek, the Delaware River, and
Stranger Creek. The drainage to the Kansas River from the south is much
~smaller than that from the north and includes Mill Creek and the Wakarusa

River.

Although the basin contains many ponds and lakes, three large Federal
reservoirs provide most of the surface-water storage. Tuttle Creek Lake
on the Big Blue River has a sedimentation pool of 211,500 acre-feet, a con-
servation pool of 177,100 acre-feet, and a flood-control pool of 1,937,000
acre-feet., Tuttle Creek Lake currently is used for flood control, low-flow
augmentation, and recreation, but allocations for water supply are being
studied. Perry Lake on the Delaware River has a conservation pool of 225,000
acre-feet and a flood-control pool of 517,500 acre-feet. Perry Lake is
used for flood control, recreation, and public-water supply. Clinton Lake

-on the Wakarusa River has a conservation pool of 129,100 acre-feet and
a flood-control pool of 268,400 acre-feet. Clinton Lake is used for flood
control, recreation, and public-water supply.

, Runoff in the study area varies areally as determined by precipitation,
vegetation, topography, soils, and geology, and seasonally in response to
precipitation and evapotranspiration. The 50-percent increase in average
annual precipitation from 24 inches in the northwest to 36 inches in the
southeast (fig. 1) is accompanied by a 350-percent increase in average
annual runoff from less than 2 inches in the northwestern part of the study
area to nearly 9 inches in the southeast (fig., 2). Average monthly stream-
flow is greatest in the spring and least in the late fall and early
winter, The average flow rate of the Kansas River at its mouth during
'1971-84 was about 8,800 ft3 /s, of which the Big Blue River contributed
about 28 percent; the Smoky Hill River, 19 percent; the Republican River,
12 percent; the Delaware River, 8 percent; and smaller tributaries the
remaining 33 percent. Streamflow characteristics (table 1 at the end of
this report) were calculated from the entire period of record available
at the time of calculation at sites having unregulated flow, and from a
period of record representing current (1986) flow conditions at sites
where flow is regulated by major reservoirs.

Relation of Surface Water and Ground Water

The upper Big and Little Blue Rivers in the High Plains physiographic
division (fig. 1) are generally well sustained during dry weather by dis-
charge from the High Plains aquifer, although intense irrigation develop-
ment over the past 30 years has caused the base-flow contribution from the



*suoijels buydwes pue bHurbeb jo uopied0| pue jjound enuue abedaay--°z aJdnbl4

L= 7\J
als 4
- "N 3
el hd ﬂ_._:. 3¥¥7 o_\_\W{mo e T
onon m_s \ﬁ S NOLNITY TRy PRy ! 9 : A.:i& WS
Crnupy S_Dﬁvﬂo \ﬂ@ I VRO [] kY 1L
opng «3:.:;-3 JISNNYAYM (¢ ¥: —.6t
QQ Q@@O —|F< Ris) A1) vonounp
$626890 P, gy RIORLS ST o are50A4 SHILIWON 0E 0Z 01 O
" 0606890, %7; AR ———t—
AN prgom N I L aNO1TIA
|/fyz§<i _ T T R S3NW 0E 02 Ol 0
y \ IYV7 | A SYSNVYY
9\4,. 4/0 = 0 dew xapu|
56 NOSH.I =) vy -
AR -1 YI7¥. z “+—--
ml/ - Q' 31101 T\ ...:,.:H.J
NOSHA Y [ e
S IINQ <>><Zon_.\ ANy | w\ >
= \\\v\ - ‘ T - ,.V..LQ\ \ Ir
. > \ Pysriaaty
) ,.,AAK. _ ! Bei1e Apng S— !
NIAO, A £ !
AR :.:2:.1 V\ L\v.\
J _ vy ) T4 \7
AN AR arg e _m ‘ w..;\.» _—_1 N
e £18QUAIIOH ”
_ n QIO LONHSY AL O1BNg SVYSNY M
/ 0 N 0028990 wuov%co J..,<xm<mmmz -or
\ _ »M. 3«;\ > R
. » o Anane y
- h <
? 1 NOSH UM
ragy N
- \ B -
Qo
- dz:%\ o . SHvOY
uour | 1eAIBIUI--08-1561 ‘44ONNH Motary 1775 ! t ¢
TYANNY IDVHIAY TvnD3I 40 INI O\ D NED SV ~ o
- A NCL THIVH
HIBANN ANV w ’ '
/) . . )
NOIIV1S ONITIWYS ONY ONIDVO ¥00908890 uout  0ogoggad o T el
) nwv .:..::.
A2 'y
NOILYNVY1dX3 = — e+
P | 2
2z 7 ML/ ae
H111n8

E« 4.—\_b

61



aquifer to the stream system to be somewhat diminished. Thus, surface-
water quality during low flow is affected by ground-water quality, although
the effect is not quantitatively known. Ground water from the High Plains
aquifer generally contains less that 500 mg/L (m1ll1grams per liter) of
dissolved solids, with calcium and bicarbonate as the major constituents.

Although wells in sandstone underlying parts of the Plains Border,
western Dissected Till Plains, and western Osage Plains yield up to 300
gal/min, little is known about the quantity of ground water contributed to
streams in these areas. The ground water in these areas generally contains
less than 500 mg/L of dissolved solids, with calcium and bicarbonate as
the major constituents.

Ground water is scarce in the uplands of the central and eastern parts
of the Dissected Till Plains and Osage Plains where bedrock is primarily
shale with thin strata of limestone and sandstone. Shallow wells in scat-
tered glacial-drift aquifers north of the Kansas River yield up to 100
gal/min; however, this ground water probably has negligible effect on the
quantity or quality of water in the major streams.

Considerable interchange of water occurs between the Kansas River and
its alluvial aquifer, which ranges in width from 1 to 2.5 miles. During
times of high streamflow and during floods, the river provides recharge to
the aquifer. During lengthy dry periods, the alluvial aquifer contributes
an estimated 1 to 4 ft3/s of flow per river mile to the Kansas River (Fader,
1974). The alluvial water generally contains less than 500 mg/L of dis-
solved solids, with calcium and bicarbonate as the major constituents.
The exchange of water probably has a significant effect on quantity and
quality of water in both the river and the aquifer; extensive quantitative
study of the effects probably would be merited.

Water Use

Water use in the lower Kansas River basin totals about 3,100,000
acre-feet per year. Irrigation withdrawals account for about 1,800,000
acre-feet of the total and are predominantly ground water from the High
Plains aquifer and the alluvial aquifer along the Kansas River and partly
surface water from the Big and Little Blue Rivers and the Kansas River.
Irrigation accounts for more than 90 percent (about 1,600,000 acre-feet)
of the net consumptive use of water in the basin. Other major uses having
significant consumptive components are self-supplied industry, including
thermoelectric power generation (141,000 acre-feet, supplied mainly from
the Kansas River), and public supply (134,000 acre-feet, mainly cities
along the Kansas River from Topeka to Kansas City).

Surface-water use is about 1,280,000 acre-feet per year, accounting for
about 41 percent of the total water use. Surface water is used instream,
nonconsumptively, for hydroelectric power (1,000,000 acre-feet per year)
and offstream for self-supplied industry (108,000 acre-feet per year), irri-
gation (85,000 acre-feet per year), and public supplies (79,000 acre-feet
per year). Surface-water withdrawals for offstream use are mainly from
the Kansas River, and the water is used within a few miles of the river.

10



WATER QUALITY IN LOWER KANSAS RIVER BASIN

Previous Studies

Previous studies have provided a considerable quantity of information
on some aspects of surface-water quantity, quality, and related topics for
the lower Kansas River basin (see "Selected References"). Studies that
include information on quantity or major water-quality characteristics of
all or large parts of the lower Kansas River basin, more detailed studies
on selected smaller parts of the basin, and other studies that cover selec-
ted topics of narrower scope provide important background information
and data for this surface water-quality assessment.

A study by the Missouri Basin Inter-Agency Committee (1971) covers
the entire lower Kansas River basin and includes information on land use
and major water-quality constituents. The studies reported by Colby
(1956), the Kansas Water Resources Board (1959), and the U.S. Bureau of
Reclamation (1973) cover the Kansas part of the study area and provide
valuable information on water quantity but do not include comprehensive
information on surface-water quality.

More detailed studies on selected smaller parts of the lower Kansas
River basin include a study of fluvial sediment and chemical quality of
water in the Little Blue River basin by Mundorff and Waddell (1966).
The quality of water in the upper Big Blue River system was studied by
Keech and Engberg (1978). A statistical summary and analysis for 29
measures of water quality were performed by Engberg (1983) for 11 sites in
the Big Blue and Little Blue River basins in Nebraska for samples collected
before 1979,

Studies on selected topics of narrower scope include a study by
0'Brien and Angino (1966) of dissolved solids and major ions and their
relations to specific conductance and discharge at seven sites on the
Kansas River and at sites near the mouths of the Big Blue, Delaware, and
Wakarusa Rivers in Kansas. Background concentrations and seasonal vari-
ations of selected trace and minor elements at the same sites were ana-
lyzed by Angino and others (1969). Analyses of 17 measures of water quality
for nearly 600 samples from 14 main-stem and 12 tributary sites in the
Kansas River basin were used by McClelland (1974) in studying the respon-
siveness of the National Sanitation Foundation's Water Quality Index to
variations in water quality. Schneider and Angino (1980) studied suspended
sediment and selected trace elements transported during floods at nine
sites on tributaries in Kansas. Numerous other studies provide additional
background information and data on selected surface water-quality topics
for the lower Kansas River basin.

Summary of Water-Quality Data for Selected Sites

The principal source of the water-quality data that are presented in -
this report is computer files of the U.S. Geological Survey in Lawrence,
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Kansas, and Lincoln, Nebraska. Data availability varies with site, con-
stituent coverage, and periods of collection. Moreover, many of the
constituents, such as "trace metals and trace organic substances, that
potentially have adverse effects on public health and aquatic biota
have not been analyzed at many surface-water sites in the basin. Where
such data have been collected, they typically represent only one medium,
such as the water column which changes with flow and time. Data for
long-term integrators of water quality that include streambed sediments
and biota generally are lacking.

A summary of readily available information on water quality from the
U.S. Geological Survey computer files for five surface-water sites for
October 1977 to July 1986 is shown in table 2 at the end of this report.
The sites are near the beginning and end of the Kansas River and at major
tributary sites that have significant quantities of available data. The
period of analysis was selected to provide an overview of recent water-
quality conditions. Table 2 shows the name of the constituent or property,
the units of measurement, the number of measurements, the 10th-percentile,
median (50th-percentile), and 90th-percentile values. The median is a
good measure of the central tendency of the data because it is insensitive
to extreme values. Similarly, the 10th and 90th percentiles provide a
good estimate of the common variation of the data because these percentiles
are insensitive to the most extreme values on either side, The number
of measurements is important in interpreting these data; for the purpose of
this summary, fewer than 30 measurements are insufficient for meaningful
10th and 90th percentiles, and fewer than 10 measurements are insufficient
for a meaningful median (standards derived from information presented
by Conover, 1980, p. 105-117 and table A-3).

Concentrations of dissolved solids summarized in table 2 were cal-
culated by summing the concentrations of calcium, magnesium, sodium,
bicarbonate (with adjustment for volatilization), sulfate, and chloride
for each individual analysis. Although no dissolved-solids data were
available for the Kansas River at Fort Riley, a median concentration of
about 800 mg/L was estimated from data for the Republican and Smoky Hill
Rivers. Median calculated dissolved-solids concentrations in the Big
Blue River at Barneston, Nebraska, and the Little Blue River at Hollenberg,
Kansas, were 320 and 280 mg/L, respectively. Streamflow in the Big Blue
River near Manhattan, Kansas, which averaged 28 percent of the flow of
the Kansas River at DeSoto and contained a median concentration of 230 mg/L
of dissolved solids, contributed to the decrease in dissolved-solids
concentrations in the Kansas River downstream from Fort Riley; however,
the median concentration in the Kansas River at DeSoto remained larger
than 400 mg/L.

The median values of pH ranged from 7.9 to 8.2 standard units (table 2)
and indicate moderately alkaline water. A typical range in pH from the
10th to 90th percentile was about 1 standard unit at any given surface-
water site.
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Concentrations of the nutrients nitrogen and phosphorus were available
for some of the sites in table 2. The largest concentrations of nitrogen
occurred in the Big Blue River at Barneston, Nebraska, and in the Little
Blue River at Hollenberg, Kansas. As noted in the discussion of land
use, the land in these drainage areas 1is used predominantly for row
crops, which typically are heavily fertilized. Phosphorus data in table
2 indicate that concentrations of phosphorus were larger in the Big Blue
River at Barneston, Nebraska, and in the Little Blue River at Hollenberg,
Kansas, than at other sites. Probable effects of Tuttle Creek Lake on
concentrations of phosphorus are indicated by the decrease in concentrations
in the Big Blue River near Manhattan, Kansas, which may be due in part
to sedimentation and in part to assimilation of dissolved phosphorus by
lake biota.

Concentrations of total organic carbon were available for four of the
sites listed in table 2. The median concentration of total organic carbon is
smallest in the Big Blue River near Manhattan, which possibly indicates
that deposition and decomposition of organic carbon are occurring in Tuttle
Creek Lake. The 90th-percentile values of total organic carbon are largest
for the Big Blue River at Barneston, Nebraska, and the Little Blue River
at Hollenberg, Kansas, which may reflect the intensity of row crops in the
area drained by these two streams.

Available data on dissolved concentrations of eight trace elements
(arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver)
were sufficient to summarize for three of the sites in table 2. These
elements, when in solution, can pose an immediate toxic problem to aquatic
biota if present in large concentrations. Little data exist for total
recoverable concentrations of trace elements in the streams. The small
median dissolved trace-element concentrations in the limited data reflect
the geology and land use in the study area.

Of the seven pesticides listed in table 2, atrazine, silvex, and
2,4-D are herbicides, and endrin, lindane, methoxychlor, and toxaphene are
insecticides. In general, there are little or no data on pesticides in
either water, suspended sediment, streambed sediment, or biota for many of
the pesticides that are used currently in the study area. In the few
samples analyzed for pesticides at the sites in table 2, the median con-
centrations were small; however, analyses at other sites by State agencies
have shown significant concentrations of some of these and other pesticides.

Fecal coliform and fecal streptoccoci are bacteria that traditionally
have been used as indicators of the sanitary quality of water; these two
kinds of bacteria are contained in the intestines of all 1iving, warm-blooded

animals, Data in table 2 show the largest median and 90th-percentile . .

concentrations of fecal coliform in the Little Blue River at Hollenberg,
Kansas, possibly reflecting effects of cattle feedlots.

Prevalence of problems associated with sediment is reflected in the
availability of data on suspended-sediment concentration and particle size
at numerous sites in the basin (Jordan, 1985, p. 64-74). Data on con-
centrations of suspended sediment were available for four of the five sites
in table 2. The largest median concentration, 4,700 mg/L, occurred in
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the Little Blue River at Hollenberg, Kansas, and the smallest median con-
centration, 33 mg/L, occurred in the Big Blue River near Manhattan, Kansas.
The concentration at Hollenberg probably reflects the susceptibility of
land predominantly in row crops to erosion processes, whereas the small
concentration for the Big Blue River near Manhattan reflects the ability
of Tuttle Creek Lake to trap suspended sediment. The variability of
suspended-sediment concentrations at each site is large; note that the
90th percentile is about two orders of magnitude larger than the 10th
percentile, For the four sites for which suspended-sediment data are
summarized in table 2, the median values of percentage of silt- and
clay-sized particles (finer than 0.062 millimeters) are 92 to 95 percent.

Available data summarized here, together with the limited data avail-
able for other sites, are sufficient only to provide an overview of the
general surface-water quality of a few streams in the basin, to indicate
some possible problem areas, and to indicate the types of data and areal
coverage needed for a more complete understanding of the hydrologic/water-
quality system. The following section of this report discusses the major
surface water-quality problems and issues that have been indicated by
these data, by previous studies, and by other available information.

Water-Quality Problems and Issues

In general, water-quality issues in the lower Kansas River basin are
related to identified water-quality problems, which in turn are related to
land use. Water-quality problems and issues that are presented in this
report have been identified by either published reports, which are refer-
enced, or by written or oral communications in 1986 from members of the
lower Kansas River basin Liaison Committee, unless otherwise identified.
Committee members who communicated water-quality problems and issues follow:
E.E. Angino, Kansas-Lower Republican River Basin Advisory Committee; J.F.
Bender, Nebraska Department of Environmental Control; J.J. Brabander, U.S.
Fish and Wildlife Service; J.N. Habiger, U.S. Soil Conservation Service,
Kansas; K.R. Inglis, U.S. Soil Conservation Service, Nebraska; R.J. Steiert,
U.S. Environmental Protection Agency; and T.C. Stiles, Kansas Water Office.

Modern agricultural practices include the intensive cultivation and
application of pesticides and fertilizers on the 1land. Runoff from
agricultural land contributes sediment, pesticides and other organic com-
pounds, and nutrients to the reservoirs and the stream system. Reservair
requlation can affect channel geometry and, therefore, erosion and sediment
transport, which in turn have an effect on the transport of water-quality
constituents that are attached to the sediment.

Intensive cultivation of row crops and precipitation in excess of
24 inches per year promote soil erosion in the lower Kansas River basin,
which has contributed to the:  observed large concentrations and loads of
suspended sediment. Large concentrations of suspended sediment commonly
occur in the small streams; discharge-weighted mean concentrations range
from 2,000 to 6,500 mg/L, and instantaneous concentrations commonly ex-
ceed 15,000 mg/L. Average annual yields of suspended sediment range
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from approximately 500 tons per square mile in the northwestern part of
the basin to 6,000 tons per square mile 1in the east (Missouri Basin
Inter-Agency Committee, 1971). The larger yields in the eastern part of
the basin result mainly from steeper slopes that characterize the more
highly dissected plains and from 1larger amounts of precipitation as
compared to the northwestern part of the basin.

In recognition of the sediment problems, reservoirs have been designed
with large storage capacities for sediment accumulation, and watershed
districts have been organized to reduce erosion and to trap sediment in
small upstream reservoirs, Despite these efforts, the largest reservoir in
the study area, Tuttle Creek Lake on the Big Blue River, has experienced
sediment problems. A Tlarger percentage of sediment than expected has
accumulated in the lake's conservation pool, and increased turbidity in the
lake has interfered with aquatic productivity. Sedimentation and turbidity
in Tuttle Creek Lake has prevented full attainment of criteria for contact
recreational use (Kansas Department of Health and Environment, 1986). The
potential effectiveness of 1land treatment to reduce sediment transport
into Tuttle Creek Lake has been raised-as an important water-quality issue.

Sediment, furthermore, serves as a vehicle for the transport of phos-
phorus, ammonia, organic nitrogen, organic carbon, and sparingly soluble
pesticides. The transport of these constituents associated with sediment
discharge is viewed by Federal and State agencies as an important water-
quality issue in the basin. Once these compounds enter the streams, they
either can remain on the sediments or enter the solution phase depending
on such factors as water temperature, pH, and dissolved-oxygen content.
The interaction between these constituents and sediment and the disposition
of these constituents once they are deposited in the surface-water system
are not well understood. More knowledge regarding the adsorption and
desorption phenomena is needed. In addition, more knowledge of the move-
ment of sediment particle sizes dominant in the movement of chemical con-
stituents is needed.

Pesticides that are sparingly soluble in water (less than 5 mg/L), such
as most chlorinated organochlorine compounds, can remain attached to stream-
bed sediments for long periods of time, on the order of years. Moderately
soluble pesticides (5-50 mg/L), such as some triazine herbicides and organo-
phosphate insecticides, in general remain in the hydrologic system for
shorter periods of time, on the order of months to years, depending on
environmental conditions. Readily soluble pesticides (greater than 50
mg/L), such as some chlorophenoxy herbicides, tend to remain in the hydro-
logic system for short periods of time, on the order of weeks to months.

Pesticides belonging to these groups of differing solubility present
different environmental problems. For example, readily soluble pesticides
tend to wash off agricultural land during periods of substantial runoff.
When these compounds enter the streams, they can be acutely toxic to aquatic
life., Compounds of moderate solubility tend to chronically affect aquatic
life by altering the composition of zooplankton and phytoplankton popula-
tions (deNoyelles and Kettle, 1983), and compounds that are sparingly
soluble tend to persist and biocaccumulate in the primary, secondary, and
tertiary consumers.
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Pesticide occurrence in the lower Kansas River basin can impair the
suitability of water for aquatic life and has the potential for impairing
its suitability for public-water supplies. The Nebraska Department of
Environmental Control reports that samples of whole fish collected from
selected reaches of the Big and Little Blue Rivers contained concentrations
of chlorinated pesticides, such as chlordane, dieldrin, heptachlor, and
heptachlor epoxide, whose sum exceeded the guideline of 0.1 parts per
million established by the National Academy of Sciences and the National
Academy of Engineering (Water Quality Division, 1986). In addition, whole
fish collected from the Big Blue River upstream of the Kansas-Nebraska
state line contained concentrations of chlordane in excess of the U.S. Food
and Drug Administration's standard of 0.3 parts per million for poisonous
or deleterious substances in human food or animal feed (Water Quality
Division, 1986).

The Kansas Department of Health and Environment analyzed fish collected
from the Kansas River at Eudora, Kansas, during 1982 and found that con-
centrations of chlorinated pesticides in whole, bottom-feeding fish exceeded
the guideline of 0.1 parts per million established by the National Academy
of Sciences and the National Academy of Engineering. Moreover, during 1985
and 1986, the Kansas Department of Health and Environment in cooperation
with the U.S. Environmental Protection Agency, as part of the Regional
Ambient Fish Tissue Monitoring Program, analyzed whole, bottom-feeding
fish collected from the Kansas River at Lawrence, Kansas. In both years,
chlordane concentrations exceeded the U.S. Food and Drug Administration's
standard of 0.3 parts per million (Kansas Department of Health and Environ-
ment, 1986). The Kansas Department of Health and Environment, the Nebraska
Department of Environmental Control, the U.S. Environmental Protection
Agency, and the U.S. Fish and Wildlife Service view chlordane contamination
of fish in the lower Kansas River basin as a major water-quality issue.

_ The occurrence of herbicides, such as atrazine, alachlor, metolachlor,

2,4-D, and propachlor, has been documented by the Kansas Department of Health
and Environment in streams and reservoirs in the lower Kansas River basin
(Kansas Department of Health and Environment, 1986). The largest concentra-
tions of atrazine observed in the Kansas part of the basin occurred in the
principal inflow streams to Tuttle Creek Lake, in Tuttle Creek Lake, and in
the Big Blue River downstream from Tuttle Creek Lake. Because of their large
storage capacity relative to inflows and because of sediment deposition and
re-suspension, reservoirs may collect contaminants and then release them
downstream over a longer period of time than would occur in the absence
of reservoirs.

More knowledge is needed to determine the occurrence and distribution
of pesticides transported into the three major reservoirs in the study area,
the effect of the reservoirs on pesticide concentrations while in the reser-
voirs, and the occurrence and distribution of pesticides in the outflow of
each reservoir (Kansas Department of Health and Environment, 1986). This
information then can be used to better understand the occurrence and dis-
tribution of pesticides in the main stem of the Kansas River. For example,
concentrations of atrazine exceeding 15 ug/L (micrograms per liter) have
occurred in the main stem of the Kansas River during the autumn (Kansas
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Department of Health and Environment, written commun., 1985). These con-
centrations appear large for this time of year because most atrazine is
applied in the spring and probably would have been flushed through the
basin in the absence of the reservoirs. Ground-water discharges into the
main stem of the Kansas River may contribute to the observed large con-
centrations of atrazine. While this has not been documented, the Kansas
Water Office considers the potential effect of ground-water discharge on
the quality of the Kansas River as a water-quality issue.

The presence of pesticides in surface water can impair the use of
water for public supply. The Kansas Department of Health and Environment
has documented the presence of alachlor, atrazine, metolachlor, propachlor,
metribuzin, and 2,4-D in surface water used for public supply in the basin
(Kansas Department of Health and Environment, written commun., 1985).
No criteria or standards for public supply have been established by the
U.S. Environmental Protection Agency for these compounds except for 2,4-D
and, more recently, atrazine. The apparent reason for the nonexistence of
these criteria or standards for public-water supplies is that the long-term
adverse effects on human health are not understood. The problem is made
more important by the fact that conventional water treatment does not
appear to appreciably remove these compounds from the unfinished (raw)
water (Joseph Arruda, Kansas Department of Health and Environment, written
commun., 1986).

The State of Kansas is in the process of purchasing water storage in
Tuttle Creek Lake and additional water storage in Perry and Clinton Lakes
to provide for increased demands and to supplement supplies that are
periodically inadequate. Planned use of reservoir water to sustain minimum
streamflow requirements and to provide water supplies indicates an urgent
need to assess the quality characteristics of reservoir inflow, stored
water, and water in the main stem of the Kansas River. Because Tuttle
Creek Lake is the largest reservoir in the basin and the water quality of
its outflow affects about 85 percent of the length of the Kansas River,
including nearly all municipal and industrial uses, its water quality is
especially important. Also, as is typical of rivers in agricultural areas,
the land adjacent to the Kansas River is some of the most productive farm-
land in the basin. This land overlies the alluvial aquifer, which is as
much as 2.5-miles wide and provides base flow that is especially important
during periods of no surface runoff. Agricultural chemicals applied to
this land have the potential for migration into the Kansas River because
of the hydraulic connection between the river and the alluvial aquifer.
This could be very significant during low flow, but there are no data to
document the migration.

Additional water-quality problems in the basin do not relate to agri-
cultural land use. The Kansas River, upstream of its confluence with
the Big Blue River, has large concentrations of dissolved solids, sodium,
sulfate, and chloride, all of which affect the suitability of water for
such beneficial uses as public-water supply, irrigation, and industrial
supply. The suitability of water for present and future municipal and
irrigation use along the main stem of the Kansas River is regarded as an
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important water-quality issue. The lower reach of the Kansas River, from
Topeka to its confluence with the Missouri River at Kansas City, serves as
both a source of industrial and municipal supply and as a receiving stream
for urban effluents, There is a potential for degradation of water quality
from urban activities. The importance of this issue has been expressed by
the U.S. Fish and Wildlife Service. Although the Kansas City, Kansas,
urban area is at the downstream end of the basin and has little effect on
the Kansas River, some of its water supplies are affected by activities in
the basin.

The sanitary quality of streams in the basin probably is related to
both agricultural and urban land use. Bacterial contamination of streams
from pastureland, feedlot operations, and municipal wastewater-treatment
effluent contributes to commonly observed large counts of fecal coliform
and fecal streptococci bacteria. Concentrations in the tens of thousands
of colonies per 100 milliliters of both bacteria have occurred in streams
upstream of Tuttle Creek Lake (table 2). These observed concentrations
may result primarily from agricultural activities. Concentrations of
bacteria in the thousands of colonies per 100 milliliters in the lower
reach of the Kansas River probably result from a combination of municipal
wastewater discharges and agricultural activities. The sanitary quality
of streams and lakes probably will become a more important issue as Kansas
and Nebraska designate stream segments for such purposes as contact and
noncontact recreational use.

While the above discussion is not intended to convey all the possible
water-quality problems and issues in the basin, it is intended to provide
the reader with the major water-quality problems and issues that have been
documented.

DESCRIPTION OF LOWER KANSAS RIVER BASIN WATER-QUALITY ASSESSMENT

In most general terms, the study approach in the lower Kansas River
basin, as well as in the other pilot-study areas, will be to make maximum
use of existing data to: (1) Provide, to the extent possible, a descrip-
tion of current water-quality conditions and trends in water quality;
and (2) formulate conceptual models that relate the observed conditions
(concentrations and transport of substances and biological conditions)
to the sources and causes, both natural and anthropogenic. New data will
be collected to: (1) Verify the description of water-quality conditions
obtained from the existing data; (2) define long-term trends in water
quality; (3) reduce the uncertainty of the described conditions by inten-
sifying temporal or spatial sampling densities; (4) increase our knowledge
of the important water-quality issues in the basin for which the existing
data are inadequate in areal or temporal distribution; and (5) improve the
understanding of the relations between causative factors and water quality
by using statistical methods and studies of physical, chemical, and bio-
logical processes.
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Determination of proper spatial density and distribution of sampling
points gives rise to a difficult decision affecting the design of the pilot
study. The main reason for this difficulty is the 1large discrepancy
between the scale of the National program as a whole and the much smaller
scale of the lower Kansas River basin assessment. On the one hand, the
degree of sampling resolution must be sufficient to adequately characterize
the water-quality conditions in the <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>