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Surface-Water-Quality Assessment of the Lower Kansas
River Basin, Kansas and Nebraska: Suspended-
Sediment Conditions, May 1987 Through April 1990,
and Trends, 1963 Through April 1990

By P.R. Jordan

Abstract

Suspended-sediment samples were
collected monthly or more frequently during
May 1987 through April 1990 at 13 stations in
the lower Kansas River Basin of Kansas and
Nebraska. The samples were collected to help
provide a description of the spatial distribution of
suspended-sediment concentrations and transport,
seasonal distribution of concentrations, trends
from the earliest data available, and interpreta-
tion, where possible, of the relations of current
(1990) conditions and trends to natural and
human factors. Median (50th percentile; 50 per-
cent of the sample values at the station were
smaller) suspended-sediment concentrations
ranged from 100 to 110 milligrams per liter for
3 stations on the Kansas River and from 4 to
110 milligrams per liter for 10 stations on tribu-
tary streams. Suspended-sediment concentrations
at the 90th percentile (90 percent of the sample
values at the station were smaller) for tributary
stream stations ranged from 240 to 3,200 milli-
grams per liter, except at sampling stations
immediately downstream from large reservoirs,
which ranged from 58 to 170 milligrams per liter.
The larger median and 90th-percentile
concentrations were associated with high-density
irrigated cropland in areas of little local relief and
medium-density irrigated cropland in more
dissected areas. Smaller median and 90th-per-
centile concentrations upstream from reservoirs
were from areas of little or no row-crop cultiva-

tion or areas of substantially less-than-normal
precipitation and streamflow.

The median proportion of suspended sedi-
ment finer than 0.062 millimeter varied from 84 to
99 percent. Differences in particle size among
stations were relatively small and could have
resulted as much from differences in the fraction
of stream depth sampled as from other causes.
Suspended-sediment concentrations in relation to
streamflow rate followed a consistent seasonal
pattern; after accounting for the effect of flow,
concentrations were typically smallest during
January—February and largest during July—
August.

Mean annual suspended-sediment transport
rates in the Kansas River from May 1987 through
April 1990 increased substantially in the down-
stream direction from 1,700,000 tons per year at
Fort Riley, Kans., to 4,100,000 tons per year at
DeSoto, Kans. Suspended-sediment yields for
tributary stream stations ranged from 17 to
260 tons per square mile per year. Because of
abnormally dry climatic conditions and large
uncertainty factors for the results of some
computations, no conclusions could be reached
concerning the relations of suspended-sediment
transport rate or yield to natural and human
factors.

Tests for trends in flow-adjusted suspended-
sediment concentrations at five sampling stations
resulted in one statistically significant downward
trend for 1963-90 and one statistically significant
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upward trend for 1977-90. The trend-test results
could not be explained by data on cropland
removed from production or the effect of
detention structures.

INTRODUCTION

During the past two decades, public awareness
of the importance of water-quality i1ssues has increased
substantially. Along with this increased awareness
have come commitments by Federal, State, and local
governments and industries for the assessment and
protection of water quality. Progress in water-quality
improvement will require increased knowledge of the
nature and extent of potential problems, as well as
knowledge of the physical, chemical, and biological
processes that affect water quality in streams and
aquifers. In 1986, the Congress appropriated funds for
the U.S. Geological Survey to test and refine a
National Water-Quality Assessment (NAWQA)
Program (Hirsch and others, 1988). The long-term
goals of the NAWQA program are: (1) To provide a
nationally consistent description of current water-
quality conditions for a large part of the Nation’s water
resources; (2) to define long-term trends (or lack of
trends) in water quality; and (3) to identify, describe,
and explain the major factors that affect observed
water-quality conditions and trends. This information
will be useful for examining the likely consequences
of future management actions (Stamer and others,
1987).

The NAWQA program began with a pilot
phase to test and modify assessment concepts and
approaches. Seven pilot projects (four surface-water
projects and three ground-water projects) were
initiated in 1986. The lower Kansas River Basin in
Kansas and Nebraska was one of the four surface-
water pilot projects, which also included the Kentucky
River Basin in Kentucky, the Yakima River Basin in
Washington, and the upper Iilinois River Basin in
Illinois, Indiana, and Wisconsin. The lower Kansas
River Basin was selected as a pilot project because it is
typical of the Midwestern grain belt, which includes
irrigated and nonirrigated cropland and nonirrigated
pasture and rangeland. Specific objectives of the pilot
study in the lower Kansas River Basin were to:

(1) define existing surface-water-quality conditions;
(2) define trends in surface-water quality; (3) calculate
average annual constituent transport rates; (4) evaluate
the effects of surface-water impoundments on down-

stream water quality; and (5) identify stream segments
where water quality may be affected adversely by
natural processes or human activities (Stamer and
others, 1987).

Available suspended-sediment data through
1986 for the lower Kansas River Basin were analyzed
in a previous report (Jordan and Stamer, 1991) that
included summaries and interpretation of available
data for numerous physical, chemical, and biological
properties and constituents of the water. That analysis
showed an overall basin median suspended-sediment
concentration of 280 mg/L (milligrams per liter), the
largest suspended-sediment yields occurring in the
Dissected Till Plains physiographic division (fig. 1),
and time trends of decreasing concentrations. The
report also indicated inadequacies in the data through
1986 for defining the areal variations, trends, and
relations to natural and human factors.

Problem

Sediment in streams and reservoirs commonly
poses water-quality problems at and downstream of
specific locations and also may indicate problems
upstream. For example, suspended sediment may need
to be removed from public water supplies, and large
yields of sediment in streams and reservoirs may
indicate excessive erosion of land in the upstream
watershed. When suspended sediment becomes
deposited in large quantities in a stream channel or an
inlet of a lake or reservoir, it can result in raised water
levels of floods. Deposits of sediment in surface-water
impoundments can decrease the storage capacity for
water supply or flood control and can impair propaga-
tion of fish and other aquatic life. In addition to the
effects of its physical presence, suspended sediment
can transport certain nutrients, trace elements, pesti-
cides, and other synthetic organic compounds that
have very slight solubility but that attach themselves
to sediment particles.

Information on sediment is needed for planning
of water projects and wise use of water, whether or not
the sediment poses a special problem. The different
applications of sediment information in the lower
Kansas River Basin, classified by mode of sediment
transport, are [isted in table 1. No measurements of the
“bedload” mode of transport were made for the pilot
phase of the lower Kansas River Basin project, and
discussion in this report will be limited to suspended
sediment.

2  Surface-Water-Quality Aasessment of the Lower Kansas River Basin, Kansaa and Nebraska: Suspended-Sediment Conditions,
May 1987 Through Aprll 1990, and Trends, 1963 Through Aprii 1990
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consistent concentrations; however, streambed and
bank measurements have not been made to substan-
tiate that possibility.

Large reservoirs immediately upstream from
stations 52, 74, and 83 undoubtedly accounted for
small median concentrations (13 to 52 mg/L) at those
stations and the smallest 90th-percentile concentra-
tions (58 to 170 mg/L) of all the stations. Other
stations having small concentrations included Kings
Creek (station 3) and Mill Creek (station 59); the
drainage area upstream of the Kings Creek station has
no row crops, and the drainage area upstream of the
Mill Creek station includes only small areas of row
Crops.

Stations representing areas of high-density
irrigated cropland in areas of little local relief in the
High Plains (station 23) and medium-density irrigated
cropland in more dissected areas (stations 35, 47, and
50) had the largest 90th-percentile concentrations
(1,600 to 3,200 mg/L) and relatively large median
concentrations (51 to 110 mg/L). Station 72 was an
exception, having relatively small 90th-percentile and
median concentrations although the cropland and
slope characteristics are similar to those of station 50.
The small concentrations at station 72 probably
resulted from substantially less-than-normal
streamflows at the times of sampling.

Most suspended-sediment samples were
analyzed for the percentage finer than the 0.062-milli-
meter particle size, representing the relative abun-
dance of fine particles derived from silt and clay,
whereas fewer samples were analyzed for other
particle sizes. The median percentage finer than
0.062 millimeter (table 3) varied only from 84 to
99 percent within the study unit. The smallest value,
84 percent, for Kings Creek near Manhattan, Kans.,
may reflect less abundance of very fine particles
derived from clay in the thin soils in the drainage basin
or may have been affected by the automatic sampler.
Sediment particles finer than 0.062 millimeter usually
have nearly uniform concentration throughout the
depth of a stream at any one time, whereas coarser
particles increase in concentration from the surface
to the streambed. Suspended-sediment samplers leave
the bottom 0.3 to 0.5 foot of depth unsampled. Thus,
differences among any of the stations could result as
much from differences in the fraction of depth
sampled as from any other cause. The fact that most of
the suspended sediment in the study unit is silt and
clay means that detention basins designed to remove
sediment should have detention times long enough to
remove material that does not settle rapidly.

Seasonal variations of suspended-sediment
concentration are expected because of seasonal varia-
tions of precipitation and streamflow and because of
seasonal patterns of land cover resulting from row-
crop cultivation. Snow cover and frozen soil also
probably have some effects. The seasonal variation of
suspended-sediment concentrations may be important
considerations for operation of facilities that treat
surface water for municipal or industrial use, for
modification of agricultural practices to reduce
sediment, and for efficient monitoring. In addition,
computation of transport rate or trend uses the relation
between concentration and streamflow rate; the
computations can be made more reliable by also
accounting for seasonal departures from the relation.

As shown in figure 8, the seasonal departures
from the relation between suspended-sediment
concentrations and streamflow rate were consistent
throughout the lower Kansas River Basin. For the
Kansas River stations and tributary stations alike, the
largest median negative departures were for January-
February samples, and the largest median positive
departures were for July—-August samples. These
departures indicate that, after accounting for the effect
of flow, suspended-sediment concentrations typically
were smallest during January—February and largest
during July—August. The seven tributary stations used
in the calculations omitted the three stations immedi-
ately downstream from the large reservoirs. For the
seven tributary stations, the January—February median
departure was -0.38 log-10 units, representing
suspended-sediment concentrations 58 percent
smaller than for the year as a whole for any given
streamflow rate. The July-August median departure
was 0.32 log-10 units, representing 109 percent larger
concentrations.

SUSPENDED-SEDIMENT TRANSPORT
RATE AND YIELD, MAY 1987 THROUGH
APRIL 1990

“Transport rate” as used in this report is the rate
at which a constituent passes a section of a stream, in
units of dry weight per unit time. “Yield” is the
transport rate per unit of drainage area. Suspended-
sediment transport for each station was calculated by
applying the relation among measured transport rate,
streamflow rate, and seasonal factor to each daily
mean streamflow rate as described in Jordan and
Stamer (1991). Results of the calculations are shown
in table 4. The first uncertainty factor, root-mean-

20 Surface-Water-Quality Asaassment of tha Lower Kansas River Basin, Kansas and Nebraska: Suspended-Sedimant Conditions,
May 1987 Through Aprii 1990, and Trends, 1963 Through April 1990



DEFINITION OF DEPARTURES
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Figure 8. Seasonal departures from relations between suspended-sediment concentration and streamflow rate.
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square error of the mean annual transport rate and
yield, may be an underestimate of the true root-mean-
square error if a large proportion of the calculated
transport and yield was for streamflows larger than the
sampled streamflows. The second uncertainty factor
shows the percentage that was based on extrapolation
of the relation between transport rate and streamflow.

Mean annual suspended-sediment transport rate
in the Kansas River increased from 1,700,000 tons per
year at station 1 to 2,900,000 tons per year at station
62 and about 4,100,000 tons per year at station 88
(table 4 and fig. 9). Of the calculated increase from
station 1 to 62, only 9 percent was contributed by the
Big Blue River (110,000 tons per year at station 52),
and the remaining 91 percent was contributed by
smaller tributaries and by erosion of the Kansas River
channel. Of the calculated increase from station 62 to
88, only 6 percent was contributed by the Delaware
and Wakarusa Rivers (both controlied by reservoirs),
and the remaining 94 percent was contributed by other
tributaries (Stranger Creek is the largest, equal in size
to the Wakarusa River) and erosion of the Kansas
River channel. No computations of the relative
contributions of tributaries and channel erosion were
possible.

For the 3-year sampling period, the largest mean
annual suspended-sediment yield was 260 tons per
square mile per year for the Little Blue River
(station 47 in table 4 and fig. 10). Under the more
normal climatic conditions of 1978-86, the Black
Vermillion River (station 50) and the Delaware River
at station 72 had yields much larger than 260 tons per
square mile per year (Jordan and Stamer, 1991).
Because of the abnormal climatic conditions during
1987-90 and the uncertainty of some results, no
conclusions can be developed concerning the relations
of suspended-sediment transport rate or yield to
natural and human factors during this period.

To provide additional insight to variation in
suspended-sediment transport rates in the Kansas
River, additional computations were made for the
three Kansas River stations to estimate suspended-
sediment transport rates for selected low-, medium-,
and high-flow years during 1978-90 (table 5). The
strong influence of high streamflows on the sediment
transport rate is shown clearly; for example, at the
DeSoto station (station 88) the high streamflow of
16,900 cubic feet per second was 530 percent larger
than the low streamflow of 2,700 cubic feet per
second, but the suspended-sediment transport rate was
900 percent larger during the high-flow year.

In the downstream direction, the increase of
suspended-sediment transport rate in the Kansas River
was limited by trapping of sediment in Tuttle Creek,
Perry, and Clinton Lakes located on tributaries, where-
as the increase of streamflow was subject only to the
relatively minor effect of evaporation from the lake
surfaces. For the medium-flow year, the streamflow
increased from Fort Riley to Topeka by 130 percent
from 2,200 to 5,020 cubic feet per second, but the
suspended-sediment transport rate increased only
60 percent. In the same year, streamflow increased
from Fort Riley to DeSoto by 250 percent from
2,200 to 7,650 cubic feet per second, whereas
suspended-sediment transport rate increased
210 percent.

TRENDS IN SUSPENDED-SEDIMENT
CONCENTRATION, 1963 THROUGH APRIL
1990

Although suspended-sediment data were
collected from May 1987 through April 1990 at
13 sampling stations, adequate data for trend tests for
at least 10 years through 1990 were available for only
5 stations. Statistical tests for trend were performed as
described in Jordan and Stamer (1991), using pro-
grams developed by Schertz and others (1991). Multi-
year trends in suspended-sediment concentration at a
site can be obscured by the large variability of concen-
tration that is related to streamflow, season, and other
(usually unknown) factors. In addition to contributing
to the variability of concentration, the rates of
streamflow at the times of sampling may have trends
of their own that could produce the appearance of
trends in concentration. Trends in streamflow also
could, in the statistical test, counteract trends in
concentration and prevent their detection. For these
reasons, suspended-sediment concentrations were flow
adjusted for the trend tests, and the tests used seasonal
adjustment in their method of calculating Kendall’s
tau statistic from which the probability level was
determined.

The results of trend tests for the longest period
available through 1990 for each of the five sampling
stations are shown in table 6. The period 1977-90 for
the Kansas River at station 88 also is shown for
comparison with three other stations for the same
period. A trend test could not be done for 1977-90 for
the West Fork Big Blue River at station 23 because of
a lack of data for 1977-79. Results of trend tests for
1977-90 at four stations and for 1963-90 at one
station are shown in figure 11.
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Flow adjustment of suspended-sediment
concentrations was done by using the relation between
the logarithms of concentration and streamflow. The
resulting average rate of change, therefore, represents
the average percentage change from year to year.

Trends in suspended-sediment concentration
could be affected by many factors for which relevant
data are not readily available. One factor for which
data are available is the percentage of cropland
removed from production during 1986 through
January 1990 as part of the U.S. Department of
Agriculture’s Conservation Reserve Program (table 7).
The downward trend of flow-adjusted, suspended-
sediment concentration at station 23 on the West Fork
Big Blue River may not be closely related to the small
percentage of cropland removed from production.
However, the drainage area is in the Upper Big Blue
Natural Resources District, established in 1972, which
has been promoting conservation of soil and water by
such measures as terraces and grade stabilization
structures (newsletters of Upper Big Blue Natural
Resources District, York, Nebr.). The upward trend for
1977-90 and apparent absence of trend for 1975-90 at
station 88 on the Kansas River cannot be readily
explained. Erosion of the riverbanks was known to
occur during the period (Simons, Li, and Associates,
Inc., 1984) but probably was more intense in the early
part of the period, so this could not explain the upward
trend.

Downward trends in flow-adjusted, suspended-
sediment concentration for station 50 on the Black
Vermillion River and station 72 on the Delaware River
were not statistically significant despite 6.6 and
6.4 percent of the cropland in the drainage areas being
removed from production during 1986-90 (table 7)
and having numerous reservoir detention structures
being completed during 1977-90. Perhaps more time
is needed before the effects of these conservation
measures will be evident. The amount of drainage area
upstream from detention structures in the two basins
from the end of 1976 through the end of April 1990 is
shown in table 8. About 65 to 90 percent of the sedi-
ment entering detention reservoirs from upstream
would have been trapped in the reservoirs (estimates
from relations developed by G.M. Brune and shown in
Vanoni, 1975, p. 590-591). In addition to the detention
structures affecting part of the drainage area,
organized watershed-district efforts include land-
treatment measures, such as terraces and grassed
waterways, intended to decrease runoff rates, erosion

damages, and sediment yield (see U.S. Soil
Conservation Service, 1979, p. 4-6). These measures
have been accomplished at different rates than
completion of detention structures; thus, data on
detention structures are only a partial measure of the
effect of watershed-district activities on sediment
concentrations at a downstream sampling station. For
the drainage of station 50 on the Black Vermillion
River, the area upstream from detention structures
increased from

7.5 to 15.1 percent of the total drainage area during the
period analyzed for trend, and for the drainage of
station 72 on the Delaware River, the area increased
only from 6.7 to 8.1 percent. Because of the small
changes in those areas relative to the total drainage
arcas and because of natural large short-term varia-
tions in suspended-sediment concentrations from land
downstream from structures, the effects of increases in
detention structures could not be discerned clearly in
data collected at the sampling sites downstream.

Although some of the cropland having above-
average susceptibility to erosion was removed from
production upstream from near Frankfort and
Muscotah, Kans. (stations 50 and 72), under the
Conservation Reserve Program, data on exact location
of that land were not readily available. Cropland
removed from production upstream from detention
structures would have much less effect on suspended
sediment at a sampling station than would cropland
downstream from detention structures. Although the
average rates of change were downward for the two
stations, the changes were not statistically significant.
A future program of suspended-sediment data collec-
tion for the Delaware River at Muscotah, Kans.
(station 72), would provide for more accurate
assessment of the effects of the Conservation Reserve
Program. Future data, showing the full effect of the
program, could be compared with data for 1977-85
before the program began and could be interpreted
with reference to detailed information on location of
cropland removed from production.

CONCLUSIONS

Monthly or more frequent suspended-sediment
sampling during May 1987 through April 1990 at
13 stations in the lower Kansas River Basin of Kansas
and Nebraska showed median concentrations of 100 to
110 mg/L for 3 stations on the Kansas River and 4 to
110 mg/L for 10 stations on tributary streams.
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Table 8. Drainage areas upstream from detention structures in the Black Vermillion and Delaware River Basins,

1976-90
[Calculated from data provided by U.S. Soil Conservation Service, Salina, Kans.]

Drainage area upstream from detention
structures completed by end of year or month indicated

Delaware River
(station 72,
fig. 4)

Bliack Vermillion River

(station 50 fig. 4) Percentage of total

Percentage of total

Year (square miles) drainage area (square miles) drainage area
1976 30.6 1.5 28.9 6.7
1977 37.8 9.2 28.9 6.7
1978 44.8 10.9 28.9 6.7
1979 47.7 11.6 289 6.7
1980 53.1 13.0 28.9 6.7
1981 57.7 14.1 28.9 6.7
1982 57.7 14.1 28.9 6.7
1983 59.2 14.4 28.9 6.7
1984 59.2 14.4 28.9 6.7
1985 59.2 144 29.7 6.9
1986 59.2 14.4 29.7 6.9
1987 62.1 15.1 31.1 7.2
1988 62.1 15.1 34.7 8.1
1989 62.1 15.1 34.7 8.1
1990 (April) 62.1 15.1 34.7 8.1

Concentrations in the 90th percentile for tributary Mean annual suspended-sediment transport

stream stations ranged from 240 to 3,200 mg/L, except
at stations immediately downstream from large
reservoirs, which ranged from 58 to 170 mg/L. The
larger median and 90-percentile concentrations were
associated with high-density irrigated cropland in
areas of little local relief and medium-density irrigated
cropland in more dissected areas. Smaller median and
90th-percentile concentrations upstream from
reservoirs were from areas of little or no row-crop
cultivation or areas of substantially less-than-normal
precipitation and streamflow.

The median percentage of suspended sediment
finer than 0.062 millimeter varied from 84 to 99 per-
cent. Differences among stations were relatively small
and could have resulted as much from differences in
the fraction of stream depth sampled as from any other
cause. Suspended-sediment concentrations in relation
to streamflow rate followed a consistent seasonal
pattern; after accounting for the effect of flow,
concentrations were typically smallest during
January-February and largest during July—August.

rate in the Kansas River from May 1987 through
April 1990 increased substantially in the downstream
direction from 1,700,000 tons per year at the Fort
Riley station to 4,100,000 tons per year at the DeSoto
station. Suspended-sediment yields for tributary
stream stations ranged from 17 to 260 tons per square
mile per year. Because of abnormally dry climatic
conditions and large uncertainty factors for the results
of some computations, no conclusions could be
reached concerning the relations of suspended-
sediment transport rate or yield to natural and human
factors.

Tests for trends in flow-adjusted, suspended-
sediment concentrations at five sampling stations
resulted in one statistically significant downward trend
for 1963-90 and one statistically significant upward
trend for 1977-90. The trend-test results could not be
explained by data on cropland removed from
production or the effect of detention structures.
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