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DESIGN OF A SEDIMENT DATA-COLLECTION PROGRAM IN KANSAS
AS AFFECTED BY TIME TRENDS

By
P. R. Jordan

ABSTRACT

Data-collection programs need to be re-examined periodically in order
to insure their usefulness, efficiency, and applicability. The possibility
of time trends in sediment concentration, in particular, makes the examina-
tion with new statistical techniques desirable,

After adjusting sediment concentrations for their relation to stream-
flow rates and by using a seasonal adaptation of Kendall's nonparametric
statistical test, time trends of flow-adjusted concentrations were detected
for 11 of the 38 sediment records tested that were not affected by large
reservoirs. Ten of the 11 trends were toward smaller concentrations;
only 1 was toward larger concentrations. Of the apparent trends that were
not statistically significant (0.05 level) using data available, nearly
all were toward smaller concentrations. Because the reason for the lack
of statistical significance of an apparent trend may be inadequacy of
data rather than absence of trend and because of the prevalence of apparent
trends in one direction, the assumption was made that a time trend may be
present at any station. This assumption can significantly affect the
design of a sediment data-collection program.

Sudden decreases (step trends) in flow-adjusted sediment concentra-
tions were found at all stations that were short distances downstream from
large reservoirs and that had adequate data for a seasonal adaptation of
Wilcoxon's nonparametric statistical test.

Examination of sediment records in the 1984 data-collection program
of the Kansas Water Office indicated 12 stations that can be discontinued
temporarily because data are now adequate. Data collection could be
resumed in 1992 when new data may be needed because of possible time
trends. New data are needed at eight previously operated stations where
existing data may be inadequate or misleading because of time trends.
Operational changes may be needed at some stations, such as hiring contract
observers or installing automatic pumping samplers. Implementing the
changes in the program can provide a substantial increase in the quantity
of useful information on stream sediment for the same funding as the 1984
level,



INTRODUCTION

Data-collection programs need to be re-examined periodically in order
to insure their usefulness, efficiency, and applicability. The sediment-
data program in Kansas receives a cursory examination each year in con-
nection with decisions on funding and current data needs. Nineteen years
have elapsed since publication of the last Statewide evaluation of the
sediment-data program (Collins, 1965), although a partial program evalua-
tion in the Arkansas River basin was included in a 1977 publication
(Osterkamp, 1977a). Since those evaluations, the sediment data at many of
the currently operated (1984) stations may have become adequate to justify
discontinuing data collection at those stations for several years. New
large reservoirs have been completed along with hundreds of farm ponds and
watershed-district reservoirs. Changes in farming practices have occurred
that either may have decreased or increased erosion and stream-sediment
concentrations at different locations in the State. Statistical techniques
that have become available recently are more capable of detecting time
trends from the existing data than previous techniques.

Purpose and Scope of this Investigation

The purpose of this investigation is to use information on time trends,
together with other information on sediment data, to design modifications
to the cooperative sediment-data program with the Kansas Water Office.
The investigation was funded jointly by the Kansas Water Office and the
U.S. Geological Survey. The investigation focused primarily on suspended-
sediment concentration and secondarily on suspended-sediment particle size.
Bed-material particle size was included in the inventory of existing data
but was not used in evaluating the data program. Because bed-material
particle size does not change as rapidly with time as does suspended-
sediment concentration and particle size, bed-material data can be assumed
to be adequate if suspended-sediment data are adequate.

Major Changes in Kansas Sediment-Data Programs

A few analyses of suspended-sediment concentration were obtained during
the first decade of the 20th century in Kansas in connection with chemical
analyses of samples from the Missouri and Kansas Rivers. Systematic pro-
grams of sediment-data collection began during the late 1930's in connection
with studies for Federal reservoir design. Sample collection and analysis
improved markedly beginning in the early 1940's as a result of a Federal
interagency project to develop improved equipment for sampling and Tlabor-
atory analysis. A typical example of a report by the interagency project
is one on improved samplers (Subcommittee on Sedimentation, 1952b). Sedi-
ment-data programs in Kansas were almost entirely Federally funded until
1957 when the Kansas Water Resources Board (now the Kansas Water Office)
began an extensive program in cooperation with the U.S. Geological Survey.



Previous Publications on Sediment Data-Collection Programs in Kansas

Before about 1957, most sediment data were collected by Federal
agencies at the sites of proposed Federal reservoirs for the purpose of
providing data for design of the reservoirs. After its formation in 1955,
the Kansas Water Resources Board, in cooperation with the U.S. Geological
Survey, undertook a program to provide sediment data for broader and
more general knowledge. After a few years of the new program, all the
data available at the time were studied, and a new data-collection program
was designed (Mundorff, 1961). Design of sediment-data programs was
furthered by a study, principally based on knowledge of soil character-
istics and geology, that classified source areas of sediment within the
State (Collins, 1965). Southern Kansas was included in the sediment
data-coltlection network as recommended by a Federal interagency group
for the Arkansas, Red, and White River basins (Sedimentation Work Group,
1967). The most recently published data-collection recommendations were
included in a report on sediment in the Arkansas River basin in Kansas
(Osterkamp, 1977a). Time trends of sediment discharge or concentration
in Kansas have not been previously studied.

INVENTORY OF EXISTING SEDIMENT DATA

Published and unpublished sources of data were searched in order to
compile an inventory of available sediment data through water year 1983
(table 5 at the end of this report). Because many sediment stations were
operated on somewhat irregular schedules, this inventory provides useful
information by listing the number of measurements of each type in each
year. However, many published records of daily suspended-sediment con-
centrations and discharges, or both, were developed from graphs of con-
centration or sediment discharge versus time based on samples collected
more or less frequently than daily. Although these records are shown as
daily records, far less than 365 samples may have been collected during
the year, and for some periods the concentrations or discharges may not
have been shown for each day but as averages for periods of a few days
to a month.

Much of the data identified in the inventory for this investigation
are stored on the U,S. Geological Survey's WATSTORE (water-data storage
and retrieval) system and can be retrieved by individual station number,
range of station numbers, or areal polygon identified by coordinates of
latitude and longitude. The inventory is arranged generally by eight-
digit station numbers, which are in downstream order. Sites not identi-
fied by station number also are arranged in downstream order with the
eight-digit numbered stations. Some stations, identified by 15-digit
numbers which represent the latitude and longitude, are found in two
groups in table 5 (at the end of this report). One group is at the end
of the Missouri River basin stations (following the eight-digit station
numbers that have 06 as the first two digits), and the other group is at
the end of the Lower Mississippi (Arkansas) River basin stations (follow-
ing the eight-digit station numbers that have 07 as the first two digits).



The first 6 of the 15 digits denote the latitude with 2 digits each for
degrees, minutes, and seconds. The next seven digits denote the Tongitude
with three digits for degrees and two digits each for minutes and seconds.
The last 2 of the 15 digits denote the sequence number, zero except when 2
or more data-collection sites (not necessarily sediment stations) are iden-
tified by the same latitude and longitude.

Although many published and unpublished sources of data were searched,
the inventory may have some omissions, overcounts of numbers of analyses,
or other errors. Where more than one source of data is listed for any
year, any of the sources may or may not contain all the data. Some sources
of data did not describe the exact location of each station, and the inven-
tory may list data from different locations on a stream under a single
station's listing. Listings of data outside Kansas may be less accurate
and less complete than those within Kansas. The 1listings outside Kansas
were provided to aid in obtaining data that may be useful for interpolating
sediment characteristics for unsampled sites. The inventory is stored on
a computer file for efficiency in making corrections and updates.

In addition to stream-sediment data, data on sediment deposition in
reservoirs are available from numerous surveys. Such data for reservoirs
and ponds in Kansas and on streams flowing into Kansas are contained in
the following references:

Committee on Sedimentation, 1969; Subcommittee on Sedimentation, 1957;
Committee on Sedimentation, 1973; U.S. Army Corps of Engineers, 1953;
Dendy and Champion, 1969; U.S. Army Corps of Engineers, 1961;
Hansen and others, 1949; U.S. Army Corps of Engineers, 1963;
Hill and Gow, 1955; U.S. Army Corps of Engineers, 1972a; and
Holland, 1971; U.S. Bureau of Reclamation, 1950,

TIME TRENDS OF SEDIMENT CONCENTRATION

Sediment concentration in a stream varies in response to many factors,
but time per se is not one of them. It is because of a lack of exact
knowledge of the physical relationships that affect sediment concentra-
tion and a lack of detailed data on the conditions in a drainage basin
and stream, which are continually changing, that attempts are made to
determine trends of sediment concentration with respect to time. It is
known that, within a year, sediment concentrations respond to changes in
precipitation and to seasonal changes in the condition of the land in a
drainage basin and that some changes extend for a number of years. These
responses are called "time trends." An example of a gradual time trend
would be a gradual decrease of sediment concentration because of completion
of a few watershed-district flood-detention structures in a drainage
basin each year for a number of years. Another example would be a gradual
increase in sediment concentration because of conversion of rangeland
to row crops each year for several years. In contrast to a gradual
trend, the immediate decrease of sediment concentration downstream from
a large reservoir when it begins storage would be an example of a sudden
or "step trend."



Design of data-collection programs can be affected by knowledge of
time trends. A record of sediment concentrations and discharges at a
site for 1941-54 might be sufficient to satisfy needs for planning or
design in 1984 if there is no time trend, but the record may be com-
pletely inadequate or misleading if there has been a time trend.

Knowledge of relations of time trends to changes in physical charac-
teristics of a drainage basin would be desirable but is sometimes imprac-
tical to obtain. For example, it would be extremely difficult to compile
yearly data on all land-use changes in a drainage basin of 2,000 square
miles. In contrast, some relations are easy to obtain; a large reser-
voir a short distance upstream from a sediment-data-collection station
undoubtedly has an effect that overshadows any other factor.

Even in the absence of knowledge of the causes of a time trend, know-
ledge of the existence of a time trend is valuable in the design of a data-
collection program. In this report, because the emphasis is on design of
a data program, principal emphasis on time trends will be on their presence
or absence rather than on their causes.

Criteria for Selecting Data-Collection Stations for Trend Analysis

If sediment concentrations at a data-collection station have had a
time trend, detection depends on the availability of adequate data during
the time of the trend. Because the time trend of interest is one of
several years, the data available need to be for several years. Because
sediment concentrations are extremely variable within a year, the measure-
ments need to include a considerable range of concentrations, and numerous
measurements during each year are desirable. The data need to be suitable
for an unbiased determination of the average relation between sediment
concentration and streamflow rate. The best indication of an unbiased
relation would be the availability of samples collected throughout a
wide range of streamflow rates in both early and late years, whereas
samples collected only within a small range of streamflow rates in either
early or late years would result in a biased relation. For the purpose
of detecting a trend, measurements of sediment concentrations need not
be available in every year. The absence of data in some middle years of
a peaiod may decrease but not eliminate the chance of detecting the
trend.

For the purpose of this report, selection of sediment stations for
trend analysis was made according to the following criteria:

(1) Measurements of sediment concentrations were available for at least 8
years from the first to the last year; however, some middle years
could be without data. Data were assumed to be equally accurate in
all years.

(2) Data available included at least 30 days when sediment concentrations
and streamflow rates were determined.,



(3) If the station had near the minimum number of concentration deter-
minations, the first 3 years and the last 3 years had at least 4
determinations each.

In addition, if the available data appeared biased, the results were dis-
counted,

Method of Analysis

This investigation used nonparametric tests for detection of time
trends as described by Crawford and others (1983). Most of the earlier
trend-detection methods were, as explained by Crawford and others (1983,
p. 2), "...based on classical (parametric) hypothesis testing. However,
because of the nature of water-quality data (typically skewed, serially
correlated, and showing seasonality), many of the assumptions underlying
classical hypothesis tests are not met, rendering them inappropriate... .
Recently, however, thinking has begun to shift toward distribution-free
(nonparametric) tests that have less restrictive assumptions than their
classical counterparts and are therefore less sensitive to the distri-
bution of the water-quality time series." Although nonparametric tests
also have problems with serially correlated data, the nonparametric tests
used in this report have the advantage that the form of the distribution
need not be known or assumed.

Typically, suspended-sediment concentrations are related to rates of
streamflow. The effect of this relation on trend detection is, as ex-
plained by Crawford and others (1983, p. 10-11, paraphrased): When
sediment concentrations and streamflow are related, apparent trends in
sediment may be due only to fluctuation in streamflow rather than to
changes in the processes that affect the introduction and fate of sedi-
ment in the stream. For example, consider a typical stream where sediment
concentrations increase as streamflow increases and vice versa. During
wet weather, large suspended-sediment concentrations would be expected.
If this wet weather was followed by a drought, a decrease in suspended-
sediment concentrations would be expected. If such a time series was
tested for trends in sediment concentrations, a significant downtrend
would be indicated. However, such a trend could be entirely attributable
to the fluctuation in streamflow during the period. In order to test
for trends in the processes affecting sediment during the period, it
would be necessary to remove the effect of streamflow. Flow adjustment
is an attempt to remove a major source of variation in sediment concen-
trations that may be masking those variations attributable to changes in
the sediment contributions to the stream or in the processes occurring
in the stream.

The method of flow adjustment used in this investigation was simply to
fit a regression equation to the relation between sediment concentrations
and streamflow rate, then calculate the flow-adjusted concentration as the
actual concentration minus the concentration predicted from the regression
equation. Several regression models were tested for fit of the data with-
out regard to time for each sediment station. These included linear,



log-linear, quadratic, log-quadratic-log, log-log, and hyberbolic models.
Mathematical forms of these models are given in Crawford and others (1983).
The applicability of each model was judged by the coefficient of deter-
mination (R2) and graphs of predicted and measured values versus stream-
flow rate. When the model was linear, log-linear, quadratic, or hyper-
bolic, the flow-adjusted concentrations were in units of concentration
(milligrams per liter). When the model was log-quadratic-log or log-log,
the flow-adjusted concentrations were in units of natural logarithms of
concentration. The regression equations used in the calculation of
flow-adjusted concentrations are not shown in this report because their
use for any other purpose would probably give erroneous results if time
trends exist or if applied to data outside the range for which they were
developed.

It is well known that unadjusted sediment concentrations and flow-
adjusted concentrations vary seasonally in Kansas. For example, unad-
justed and flow-adjusted concentrations generally are small in winter,
when streamflows result irom snowmelt or slight-intensity rainfall on
frozen soil, compared witun summer, when streamflows commonly result from
intense rainfall on tilled soil. The statistical tests for trend used
in this repor: avoided the problem of seasonality by comparing only data
from the same season of the year. January data were compared only with
January data, April data only with April data, and so on.

The test used for monotonic time trends (one-directional and without
discontinuity) is a modified form of Kendall's tau (Kendall, 1975) derived
by Hirsch and others (1982). For data-collection stations having the pos-
sibility of a sudden change in flow-adjusted concentrations because of the
closure of a large reservoir upstream, a test for differences between two
separate periods in a time series was used. This test uses a modified
version of the Wilcoxon rank-sum test, which is equivalent to the Mann-
Whitney test described in Conover (1971, p. 224). The seasonal rank-sum
test compares only data from the same season, as does the seasonal Kendall
test.

The tests used are tests of the "null hypothesis" that there was no
monotonic trend (for the seasonal Kendall test) or that there was no change
between two periods (for the seasonal rank-sum test). One value computed
for each test is the probability of falsely rejecting the null hypothesis.
The slope estimator in the seasonal Kendall test is the median of the
slopes of all possible same-season pairs of data. In tests for trend, as
in other statistical tests, even if the probability of falsely rejecting
for an individual station is small, when the test is made for each of a
group of stations the probability of falsely rejecting the hypothesis for
at least one station of the group is fairly substantial. This needs to be
kept in mind when evaluating the results of tests for a group of stations.

Another possibility of error is of accepting the null hypothesis
when it is actually false; that is, concluding there was no trend when a
trend actually existed. The screening of data-collection stations before
trend tests were made may have eliminated many stations where this error
would have been made, as well as eliminating other stations where the



other error, of erroneously concluding that a trend existed, would have
been made. If a significant trend is not indicated by the test for a
particular station, no conclusion can be made for that station. The
absence of indication of trend may have been caused by actual absence of
trend or by the small number or substantial variance of the data available
for the test.

In this investigation the interpretation has been made that, for the
purpose of design of a data-collection program, if trends are detected for
several stations, the assumption is that trends may have existed or may
occur in the near future at other stations, and the data-collection program
can be adjusted to accommodate them.

Sediment data used for the trend analyses were from the U.S. Geological
Survey's Water-Quality Data File, which includes all types of water-quality
data except for daily values. For most sediment stations having daily
records, concentration data other than daily values are available, usually
in the form of concentrations determined from samples collected for par-
ticle-size analysis. For some stations, the use of daily values for trend
analysis would be worthwhile because it would increase the quantity of
data used. However, daily values are strongly serially correlated, which
decreases the value of the additional data. Because of the serial cor-
relation and because the computation system used in this investigation
provides for the most convenient use of a single-file system as input to
the trend tests, the daily values were not used.

In addition to the daily values, some of the other available data were
not used in the trend analyses. For many of the samples, the streamflow
rate at the time of sampling had not been determined, and those samples
were not used in the analyses. Sediment-concentration values with peculi-
arities, such as concentrations for composites of samples collected on
different days, were not used. For these reasons, the quantity of data
used in the trend tests for many of the stations was less than the quantity
of data listed in the inventory table (table 5).

Results of Analysis

Results of the tests for monotonic trends are shown in table 1. The
seasonal Kendall test for monotonic trend was used for stations at which
there was no sudden large change (a large reservoir) that would overshadow
any gradual trend. Results for stations at which sediment concentrations
would be affected by more than one reservoir in different years also are
included in table 1. Some of these stations also are included in table 2,
which contains the results of Wilcoxon rank-sum tests for step trend where
a large reservoir would be expected to have a sudden large effect. The
Wilcoxon rank-sum test was used for some stations where a particular one
of two or more reservoirs was thought to have the most effect.

Of the 38 data-collection stations in table 1 that were not affected
by large reservoirs, trends were detected at the 5-percent (0.05) level of
probability at 11 stations, or 29 percent of the stations. Because of
the limitations of the data and the analysis, the probability that trends
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existed at other stations but were not detected cannot be determined. Ten
of the trends were negative, or toward smaller concentrations in later
years, and 1 of the trends was positive. The single positive trend was at
station 07139500, Arkansas River at Dodge City. The scope of this study
did not allow for investigation of this unusual trend at this site, which
is downstream from station 07137500, Arkansas River at Coolidge, where a
negative trend was detected.

0f the apparent trends that were individually not significant at
the 5-percent probability level, the slopes were negative for many more
stations than were positive. This result is another indication of wide-
spread negative trends and indicates a likelihood that many stations,
including some not in table 1 because of insufficient data, had trends
toward smaller concentrations. However, the slopes of the trends were
not steep enough or the available data not complete enough to show them
with statistical significance.

Six of the 11 detected trends were in and adjacent to the Walnut
River basin, southeast of Wichita. This cluster of detected trends may
exist only because of a geographic cluster of stations having a relatively
large quantity of data available.

Nine of the stations analyzed for time trend were upstream from large
reservoirs, and trends toward smaller concentrations were detected at only
two of them (07167000, upstream from Fall River Lake, and 07169800, up-
stream from Elk City Lake). From this relatively limited evidence it
may be concluded that additional measures, such as erosion-control treat-
ment and upstream reservoirs, would be needed if the rate of sediment
accumulation in large reservoirs is to be significantly decreased.

The seasonal step test for sudden changes was applied for stations
downstream from large reservoirs. In 9 of the 12 cases (table 2) the
test showed a significant (0.05 level) step trend to smaller concentra-
tions, as expected. Records that did not show significant step trends
were station 06876900, for which 25 percent of the drainage area is down-
stream from Waconda Lake and produces 75 percent of the streamflow; station
07182250, for which 90 percent of the drainage area is downstream from
Marion Lake; and station 07183500, for which the available data were
biased.

Factors Affecting Time Trends

Detailed study of factors affecting time trends is beyond the scope
of this report because knowledge of the causes of trends is not necessary
for the design of a data-collection program. Knowledge that time trends
exist is sufficient for the major decisions in designing a program. In
addition, for most of the drainage areas of the sediment data-collection
stations in this report, detailed data on changes in land-use and farming
practices would be extremely difficult to compile. The effect of water-
shed-district activities, however, can be studied in a limited way with
data readily available.
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In watershed districts, structures and erosion-control practices are
intended to decrease the quantity of sediment moving downstream, among
other benefits. In this report the watershed-district activity upstream
from each sediment station was measured by the span of years during
which flood-detention structures were completed and by the percentage
of the drainage area from which floodwater was detained and sediment was
trapped (table 1). For a few of the stations, the information was in-
complete, but enough information was available to judge whether the
watershed-district activity was extensive enough to measurably affect
the sediment concentrations at the sediment-data station. Because of
the large variability of sediment concentrations, less than 10 percent
of the area was judged to be too little to have a measurable effect.

Of the 6 data-collection staticns with more than 10 percent of the
area affected by watershed-district flood-detention structures, 4 stations
or 67 percent had statistically significant trends toward smaller sediment
concentrations, and none had trends toward larger concentrations, sig-
nificant or not. In contrast, of the 32 stations with less than 10
percent of the area affected by watershed-district structures, only 4 or
12 percent had statistically significant trends toward smaller sediment
concentrations. Although not statistically testable, the conclusion
appears to be that the sediment-data program has shown that watershed
districts have a definite effect of decreasing the sediment concentra-
tions at locations downstream. The conclusion appears justified despite
some apparent anomalies in the results. For example, the trend was not
statistically significant at station 07165700, Verdigris River near
Madison, despite 66 percent of the drainage area being affected by water-
shed-district flood-detention structures. Nearby, station 07180500, Cedar
Creek near Cedar Point, showed a significant trend to smaller sediment
concentrations despite having no watershed-district activity. The results
for two stations on Elk River strengthen the conclusion, however, For
station 071706000, Elk River pear Elk City, the sediment data were col-
lected before the beginning of watershed-district activity upstream, and
the trend was not significant. For station 07169800, Elk River at Elk
Falls, sediment data were collected before, during, and after watershed-
district construction, and the trend to smaller sediment concentrations
was statistically significant.

Effect of Time Trends on Use of Sediment-Data Records and Design

of Sediment Data-Collection Program

For many of the sediment stations, various users have made computa-
tions of such information as long-term average sediment yields and con-
centration-duration curves. Future needs for planning or design of water
projects may include similar sediment information. Because time trends
have been detected at numerous stations and trends cannot be ruled out
where not detactad at the b5-percent level of probability, computations
based on data more than a few years old may be misleading at any site,
Where accurate sediment information applicable to current conditions is
needed at a specific site, collection of additional data for about 2
years needs to be considered.
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SEDIMENT-DATA PROGRAM, 1984

The 1984 sediment-data program of the Kansas Water Office in cooper-
ation with the U.S. Geological Survey was designed to supplement the
specific-purpose programs of other agencies by providing more general-
purpose data. The 1984 set of stations has been in operation for about 7
years and consists of 42 stations at which suspended-sediment samples are
collected about 9 times per year--more times if high flow is frequent
during a year, and fewer times if periods of no flow are prevalent during
a year. The sediment stations are at streamflow-gaging stations, and the
streamflow rate is determined for the time of sediment sampling. A
particle-size analysis is performed in conjunction with the concentration
analysis, except when the quantity of sediment in the samples is insuf-
ficient for a valid analysis. Normally, bed-material samples are collected
and analyzed for particle size two times a year.

The adequacy of the 1984 program was judged by the suspended-sediment
concentration and particle size but not by data on bed material. Bed-
material particle size does not change as rapidly as suspended-sediment
concentration does or as suspended-sediment particle size sometimes does;
thus, adequacy of bed-material data is easily achieved. Therefore, the
assumption can be made that bed-material data will be adequate whenever
suspended-sediment data are adequate.

The adequacy of sediment-concentration data at an individual station
was judged by the adequacy of the data to determine the relation between
sediment concentration and streamflow rate for the purpose of estimating
the suspended-sediment discharge or concentration-duration curve during
a period of available streamflow record (a long-term average). Adequacy
of both concentration and particle-size data, therefore, was Jjudged by
the density of coverage by samples of the full range of streamflow rates,
except for Tow flow which has negligible effect. Consideration of time
trend was not ignored, but time trend was assumed to be present at every
station. Therefore, first the adequacy of data to represent conditions
during the period of record was judged, then the effect of the assumed
time trend on the need for change in the data program was included.

Density of sediment-sample coverage was Jjudged from diagrams of
streamflow percentage distributions on which the sampled streamflows were
noted. An example in which the range of streamflows, except for low flow,
is covered for both concentration and particle-size samples is shown 1in
figure 1. Coverage for particle size does not need to be dense and is
adequate in this example. However, coverage for suspended-sediment con-
centration is not dense enough for good estimation of the relation between
concentration and streamflow. The 1inability of the data to define the
relation is shown in figure 2.

An example of very dense sample coverage for both suspended-sediment
concentration and particle size is illustrated in figure 3. Although
concentrations are scattered with respect to streamflow rate in figure 4,
the average relation is reasonably well defined. However, nearly all the
suspended-sediment samples taken during high flow are from 1949-51, and
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STREAMFLOW, IN CUBIC FEET PER SECOND

the preponderance of low-flow samples are
suspended sediment during high flow are
(fig. 5), it is obvious that a substantial

from 1979-82. New samples of
needed. In another example
range of high flows has not

been covered by sediment samples.
sample coverage for particle size.

In addition, the graph shows very little
Data collection needs to be continued

at this station until

concentration coverage has been achieved for high

flows, and particle-size coverage has been achieved for all flows.

The results of the analysis for stations in the 1984 cooperative
program of the Kansas Water O0ffice and the U.S. Geological Survey are
summarized in table 3 at the end of this report. In this table, the period
of record is considered to include any year in which at least one sample
was obtained. At some stations in the data-collection program, the stream
was flowing so infrequently that no samples were obtained in some years.

1000 T T T T T T T T T T T I T T T
S
/
>\/%
100’— —
10 -
S SAMPLE ANALYZED FOR SUSPENDED-SEDIMENT
CONCENTRATION AND PARTICLE SIZE
C SAMPLE ANALYZED FOR SUSPENDED-SEDIMENT
CONCENTRATION ONLY
1.0 -
0.1 —
0.01 I I 1 | 1 | [ | | | | | P
0.13 0.5 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.5 99.87

PERCENTAGE OF TIME INDICATED STREAMFLOW WAS EQUALED OR EXCEEDED

Figure 1.--Density of sample coverage in relation to streamflow percent-

age distribution, station 07139800, Mulberry Creek near
Dodge City.
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Figure 2,--Relation between suspended-sediment concentration and
streamflow for station 07139800, Mulberry Creek near
Dodge City.
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Figure 3.--Density of sample coverage in relation to streamflow percentage
distribution, station 06867000, Saline River near Russell.

ADJUSTMENT OF DATA-COLLECTION PROGRAM

Adjustments in the sediment data-collection program can be made
under the assumption that time trends may exist at any station. Because
the seasonal tests for time trend do not require data for every month of
every year, some 1984 stations can be discontinued for several years and
later resumed, and some previously discontinued stations can be reactivated
without detriment to future detection of time trends. Consideration also
is given to the previous judgments of the adequacy of data at existing
stations. An additional consideration is the need for data on sediment
inflow to large flood-control and water-supply reservoirs.

Discontinuance of Stations

Twelve sediment stations have adequate data for present (1984) needs
and can be discontinued until 1992 (table 3). At these stations the sample
coverage is adequate for suspended-sediment concentration and particle
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size until
of the data.

some later date when time trends may change the applicability
These 12 stations can be discontinued at the end of water

year 1985 after adequate consultation with other agencies to give consider-

ation to possible special needs for continuing data collection. The candi-
dates for discontinuance until 1992 are:
06869500 Saline River at Tescott;
06877600 Smoky Hill River at Enterprise;
06887500 Kansas River at Wamego;
06892000 Stranger Creek near Tonganoxie;
07138000 Arkansas River at Syracuse;
07140000 Arkansas River near Kinsley;
07141200 Pawnee River near Larned;
07141900 Walnut Creek at Albert;
07143330 Arkansas River near Hutchinson;
07145500 Ninnescah River near Peck;
07146500 Arkansas River at Arkansas City; and
07147800 Walnut River at Winfield.
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Figure 4.--Relation between suspended-sediment concentration and streamflow

for station 06867000, Saline River near Russell.
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Figure 5.--Density of sample coverage in relation to streamflow percentage
distribution, station 06884400, Little Blue River near Barnes.

New or Reactivated Stations

Resumption of periodic sampling is merited for eight previously dis-
continued stations. The new data can be used for detection of trends
and computation of improved estimates of sediment yield, concentration-
duration curves, and similar information. Some of the stations will provide
new data on sediment inflows to large flood-control and water-supply reser-
voirs. The stations were selected without regard to which agencies had
previously supported them. Stations that would provide the most valuable
data after resumption of sampling are as follows:

06878000 Chapman Creek near Chapman (has sediment data for water years
1970-76);

06890100 Delaware River near Muscotah (upstream from Perry Lake, has sedi-
ment data for water years 1969-77);
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07141300 Arkansas River at Great Bend (has sediment data for water
years 1958-72);

07149000 Medicine Lodge River near Kiowa (has sediment data for water
years 1961-69);

07151500 Chikaskia River near Corbin (upstream from proposed Corbin Reser-
voir, has sediment data for water years 1961-65);

07169800 Elk River at Elk Falls (upstream from Elk City Lake, has sediment
data for water years 1964-72);

07179730 Neosho River near Americus (upstream from John Redmond Reser-
voir, has sediment data for water years 1964-72);

07182250 Cottonwood River near Plymouth (upstream from John Redmond Reser-
voir, has sediment data for water years 1963-72).

The group of stations resulting from 1984-program changes would be
as shown in table 4 at the end of this report.

Operational Changes

Some of the effort no longer needed for certain sediment stations
after their discontinuance could be used to obtain needed sediment data
(usually during high flow) at the continued and reactivated stations.
Extra data-collection trips may be needed for some stations. At other
stations sampling equipment could be installed, and resident observers
contracted and instructed in sampling techniques in order to obtain
samples during specified ranges of flow. At a few stations it may be
necessary to install automatic sampling equipment. Economy may be effected
by acquiring one or two automatic pumping samplers and rotating them to
different sediment stations each year. Needs for such operational changes
will not be detailed in this report.

SUMMARY

Time trends can significantly affect the design of a sediment data-
collection program. After adjusting suspended-sediment concentrations for
their relation to streamflow rates and by using a seasonal adaptation of
Kendall's nonparametric statistical test, time trends of flow-adjusted
concentrations were detected for 11 of the 38 sediment records tested.
Ten of the 11 trends were toward smaller concentrations; only 1 was toward
larger concentrations. Of the apparent trends that were not statistically
significant using the data available, nearly all were toward smaller con-
centrations. Because the reason for the lack of statistical significance
of an apparent trend may be inadequacy of data rather than absence of
trend and because of the prevalence of apparent trends in one direction,
the assumption was made that a time trend may be present at any station.
Sudden decreases (step trends) in flow-adjusted sediment concentrations
were found at all stations that were short distances downstream from
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large reservoirs and that had adequate data for a seasonal adaptation of
Wilcoxon's nonparametric statistical test.

Examination of sediment records in the 1984 cooperative data-collection
program with the Kansas Water Office indicate 12 stations where data are
now adequate, and these stations can be discontinued until 1992 when new
data may be needed because of possible time trends. New data are needed
at eight previously operated stations where existing data may be inadequate
or misleading because of time trends. Operational changes may be needed
at some stations, such as hiring contract observers or installing automatic
pumping samplers.

Results of this analysis, particularly the detection of time trends,
show the importance of continuing the sediment data-collection program
and periodically analyzing the results. Implementing the changes in the
program could provide a substantial increase in the quantity of useful
information on stream sediment for the same funding as the 1984 level.
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U.S. Geological Survey Water-Supply Papers

Each water-supply paper contains data for the year listed and may
contain some data for earlier years also.

Numbers of water-supply papers (WSP) containing sediment data inven-
toried in this report for Kansas and adjacent areas, 1907-09 and

1947
Year WSP Year WSP Year WSP Year WSP
1907 273 1908 273 1909 273 1947 1102

Numbers of water-supply papers (WSP) containing sediment data inven-
toried in this report for Kansas and adjacent areas in the Missouri
River basin, 1948-70:

Year WSP Year WSP Year WSP Year WSP
1948 1132 1954 1351 1960 1743 1966 1993
1949 1162 1955 1401 1961 1883 1967 2013
1950 1187 1956 1451 1962 1943 1968 2095
1951 1198 1957 1521 1963 1949 1969 2145
1952 1251 1958 1572 1964 1956 1970 2155
1953 1291 1959 1643 1965 1963
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Numbers of water-supply papers (WSP) containing sediment data inven-
toried in this report for Kansas and adjacent areas in the Lower
Mississippi (Arkansas) River basin, 1957-70:

Year WSP Year WSP Year WSP Year WSP
1957 1522 1961 1884 1965 1964 1969 2146
1958 1573 1962 1944 1966 1994 1970 2156
1959 1644 1963 1950 1967 2014
1960 1744 1964 1957 1968 2096
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