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Stream Water-Quality Characteristics and Trends,
James River Basin, North Dakota, 1949-95

By M.E. Brigham and G.A. Payne

Abstract

Water-quality data collected at 16 water-quality-sampling sites in the James River Basin during 1949-95
were statistically summarized. Analysis of variance of data ranks was used to make comparisons among sites for
selected constituents that had 20 or more analyses per site. Statistically significant differences among sites were
indicated for specific conductance, dissolved solids, major ions, and nutrients. Regression analyses indicated
negative relations to streamflow at most sites for specific conductance, dissolved solids, hardness, and most
major ions. Several nutrients related positively to streamflow. Seasonal trends were prevalent for calcium,
magnesium, sodium, potassium, sulfate, and chloride. Seasonal trends for nutrients were less frequent. Time
trends were indicated for one or more constituents at all sites.

INTRODUCTION

Part of the Pick-Sloan Missouri River Basin program (Goolsby and others, 1989) consisted of a proposal to divert
Missouri River water via the James River to areas in east-central and southeastern North Dakota for agricultural,
environmental, industrial, municipal, and recreational uses. Because of concerns about the effects of irrigation return water
on the water quality of the James River, water-quality information was collected for numerous streams in the James River
Basin. In recent years, de-emphasis on the irrigation component of the Pick-Sloan Missouri River Basin program in North
Dakota has lessened the need for intensive water-quality monitoring in the James River Basin, and, to date, Missouri River
water has not been diverted into the basin. However, characterization of the water quality in the basin still is useful to
water-resource planners. Knowledge of the spatial distribution of chemical constituents, for example, can be used to
evaluate the effect of point discharges, and the relation of water quality to stream discharge and time of year is important in
the design of water-withdrawal systems for municipal use. Therefore, in 1996, the U.S. Geological Survey conducted a
study in cooperation with the Bureau of Reclamation to analyze data collected for streams in the James River Basin during
1949-95.

Purpose and Scope

The purpose of this report is to summarize stream water quality in the James River Basin. The characterization
consists of a statistical summary of data collected at 16 water-quality-sampling sites in the basin during 1949-95 (fig. 1;
table 1 at end of report). Of the 16 sites, 10 are on the main stem of the James River and the remaining 6 are on 5 James
River tributaries. This report (1) provides statistical summaries of constituent concentrations, (2) describes similarities and
differences in constituent concentrations between upstream and downstream sites, (3) describes the relation of constituent
concentrations to streamflow, (4) describes seasonal trends in relation to constituent concentrations, and (5) describes time
trends in constituent concentrations.

Description of Study Area

Spatial variability in water quality and water-quality trends often results from complex interactions within the natural
framework of basin geomorphology, soils, biological organisms, and climate and human influences such as land use.
Measurable differences in water quality within a river basin and detected trends can provide important information for
more detailed studies that may be needed to understand cause-and-effect relations between natural and human influences.
The following is a general overview of the terrain, soils, climate, and land use in the James River Basin.
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The drainage area of the James River Basin at the North Dakota-South Dakota State line is 5,480 square miles. The
total drainage area of the James River Basin in North Dakota, including the drainage area of the Maple River, which joins
the James River in South Dakota, is about 6,547 square miles. A substantial part of the basin, about 3,300 square miles,
usually is noncontributing because of the lack of an integrated stream system. The noncontributing part primarily is
located along the western edge of the James River Basin in an area known as the Coteau du Missouri, a glacial stagnation
area that contains numerous depressions surrounded by rolling hills and ridges that effectively isolate the depressional
areas from stream drainage. The other prominent landscape features in the basin are gently undulating glaciated plains and
a glacial lake plain.

The headwaters of the James River are in glacial-moraine deposits near Manfred. The river flows from the headwaters
through an old glacial-meltwater channel until it reaches the lake plain of glacial Lake Dakota near Glover and then flows
through the lake plain to the State line. The average channel slope from Manfred to the Arrowwood National Wildlife
Refuge near Kensal is about 1.9 feet per mile. The channel slope is about 1.2 feet per mile from Jamestown to LaMoure
and about 0.2 foot per mile downstream of LaMoure.

Natural lakes, low-head dams, and regulated reservoirs are located along the James River and its tributaries. The river
flows through natural lakes and a marsh in the Arrowwood National Wildlife Refuge, where water levels are managed
through a system of earthen dams and stoplog spillways. Low-head dams with fixed-crest spillways are located at or near
New Rockford, Ypsilanti, Grand Rapids, LaMoure, and Ludden. Major reservoirs that are capable of storing and releasing
water include the Jamestown Reservoir on the James River, Pipestem Reservoir on Pipestem Creek, and LaMoure Lake on
Cottonwood Creek. Pipestem Creek and Cottonwood Creek are James River tributaries. Jamestown Reservoir was
constructed in 1953, the dam impounding LaMoure Lake was constructed in 1973, and the dam impounding Pipestem
Reservoir was constructed in 1974. The dams impounding LaMoure Lake and Pipestem Reservoir were constructed
approximately at the midpoint of the period of water-quality records used in this report and near the beginning of the period
of record used to evaluate time trends.

Decreasing channel slopes in the downstream part of the James River, along with lakes, channel pools, and reservoirs,
may affect water quality, particularly as related to constituents associated with particles. Increased water residence time
associated with diminished channel slopes and water impoundments probably results in the settling of particulate matter,
an increase in biological processing, and a potential for periodic releases of some chemical constituents from accumulated
organic and inorganic matter in the low velocity reaches.

Soils in the James River Basin are mostly loams or sandy loams. However, the soils vary considerably and range from
silty clay loams to loamy sands.

Average annual precipitation, based on 1961-90 data, ranges from about 17 inches in the west-central part of the basin
to about 20 inches in the south-central part of the basin (Owenby and Ezell, 1992). The highest average annual
precipitation for the basin, 26.76 inches, was recorded in 1993. Annual potential evapotranspiration ranges from about
35 inches in the northern part of the basin to about 40 inches in the southern part of the basin. Actual evapotranspiration
differs from potential evapotranspiration, depending on existing environmental conditions, and in this basin generally is
slightly less than annual precipitation. :

Land use is determined largely by terrain features, soil type, and climate. In the James River Basin, land use primarily
is agricultural. In the Coteau du Missouri area of the basin, cropland, primarily small grains, is interspersed with a
substantial amount of pasture land and hayed grasslands. The percentage of cropland increases in the glaciated plains,
where row cropping becomes more prevalent, and is largest in the glaciated lake plain. A substantial amount of cropland
was retired to grassland during the study period because of the establishment of the Federal Conservation Reserve Program
in 1985.

The James River Basin is sparsely populated. The largest community, Jamestown, had a 1990 population of 16,000.
Other communities in the basin generally have populations of less than 5,000 and most have populations of less than 1,000.



Approach and Methods

- Water-quality data for 16 water-quality-sampling sites in the James River Basin were retrieved from the water-quality
data base of the U.S. Geological Survey in North Dakota, yielding data for 2,015 water samples. Codes specifying the
collecting and analyzing agencies indicated that 963 samples were collected by the U.S. Geological Survey, 20 samples
were collected by the North Dakota State Water Commission, and 1,032 samples were of unknown origin. Similarly, of the
2,015 samples, 1,028 were analyzed by the U.S. Geological Survey and 111 were analyzed by the North Dakota State
Water Commission. Codes specifying the collecting and analyzing agencies frequently were missing for samples collected
during the 1950°s through the early 1970’s but were included for the 980 samples collected during 1982-95. During
1982-95, 960 samples were collected by the U.S. Geological Survey, and 20 samples were collected by the North Dakota
State Water Commission. The U.S. Geological Survey analyzed 918 of the 980 samples, and the North Dakota State Water
Commission analyzed 62 of the 980 samples.

Constituent concentrations that were too low to be quantified by an analytical method (censored data) were reported in
the data base as zero or as less than a specified reporting limit. Furthermore, reporting limits for some constituents changed
with time. Therefore, for some of the graphical and statistical analyses used to prepare this report, all data for a constituent
were censored at a common reporting limit. Typically, data were censored at the highest reporting limit for each
.constituent. For example, censored data for nitrite plus nitrate as nitrogen were reported as zero, <0.01, <0.02, <0.05,
<0.09, or <0.1 milligram per liter (mg/L). These and all uncensored data reported at a concentration of <0.1 mg/L were
censored at <0.1 mg/L for data analysis. In this example, <0.1 mg/L was the most frequently used reporting limit for nitrite
plus nitrate as nitrogen.

An exception to this approach was used for some constituents that had a few data censored at anomalously high levels
(at least ten times greater than the commonly used reporting limit) and where censoring data at that level would eliminate
most of the useful data for that constituent. In each of these cases, the anomalously high reporting limit was associated
with less than 1 percent of the data for that constituent. Therefore, the next highest reporting limit was selected as the
censoring level, and the data censored at levels greater than the selected level were set to the selected level. For example,
of 837 analyses for dissolved phosphorus, 1 was reported as zero, 18 were reported as <0.01 mg/L, 3 were reported as
<0.2 mg/L, and 1 was reported as <1.0 mg/L. The values of zero, <0.2 mg/L, and <1.0 mg/L were set to <0.01 mg/L. Any
dissolved phosphorus values between zero and 0.01 mg/L, had they existed in the data base, also would have been set to
<0.01 mg/L.

Data censored according to these guidelines were used for the statistical summaries given in this report and to
determine detection frequencies. For site comparisons and regression analyses, the same data set was used but the
less-than symbol was ignored (for example, <0.01 mg/L was treated as 0.01 mg/L). Further details of the statistical
analyses are discussed, as needed, in later sections. Helsel and Hirsch (1992) summarized the technical issues that relate to
many of the analyses and explained most of the statistical terms used in this report. Additional references are noted where
applicable. Generally, tests or results are described as significant if p is'less than o.. p is the attained significance level
(also called the p-value) calculated from the data and the test procedure, and « is the cnt1cal significance level. For this
report, & equals 0.05 was used as the critical significance level.

For the Shapiro-Wilk test for normality, the null hypothesis is that the data are normally distributed. A test statistic, W,
and the probability, p, that W (or a less probable W) could result if the data actually are normally distributed are calculated.
If p is less than o, the null hypothesis is rejected, and the conclusion is made that the data probably are not normally
distributed. For this report, results of the Shapiro-Wilk test (next section and table 2 at end of report) indicate that most
data were not normally distributed. Therefore, rank-transformed data were used for statistical site comparisons.

For regression results, t-tests for the coefficients of each independent variable indicate whether the coefficient is
significantly different from zero. A significant coefficient (p is less than 0.05) is indicated by a significant relation between
the independent variable (for example, the logarithm of streamflow) and the dependent variable (for example, the
concentration). Because some users of this report may have different criteria, p-values are included in the tables. Further
details of the t-tests are given in sections where test results are presented.

Most trace-element data reported herein were collected before the implementation of improved sampling protocols for
trace-inorganic constituents (excluding mercury) at the microgram-per-liter level (Horowitz and others, 1994). Before
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1994, element concentrations in the low microgram-per-liter range and below could be biased by contamination introduced
in the sampling process (Horowitz and others, 1994). Low or zero frequency of detection of dissolved cadmium,
chromium, cobalt, copper, lead, selenium, silver, and vanadium indicates a lack of sample contamination at detectable
levels for these elements. The more frequent detection of mercury and zinc at concentrations much higher than those
generally detected in uncontaminated rivers (Shiller and Boyle, 1985; Babiarz and Andren, 1995) warrants caution.

Acknowledgmenfs

U.S. Geological Survey personnel Dave Lorenz, Aldo (Skip) Vecchia, and Charles Crawford provided statistical
advice. Wayne Berkas and Debra Sneck-Fahrer, also of the U.S. Geological Survey, provided helpful review comments.

WATER-QUALITY CHARACTERISTICS

Summaries by Site

Statistical summaries given in table 2 provide basic information for each water-quality-sampling site. The summaries
were obtained from the UNIVARIATE procedure using SAS software (SAS Institute, 1988). The information includes the
sample size (the number of samples collected), the number of samples that had concentrations greater than or equal to the
reporting limit (uncensored data), and the period of record. Also included are the minimum, mean, median, and maximum
values as well as the 10th-, 25th-, 75th-, and 90th-percentile values. Mean values calculated using substitutions (either
zero or the censoring level as previously described) for censored data are listed in separate columns in the table. The last
two columns, which give the p-values for the Shapiro-Wilk test for normality, can be used to determine whether the
untransformed data and the log,-transformed data are normally distributed. Low p-values (values less than 0.05) indicate
non-normality.

Using an example from table 2, the statistical summary for site 2 for dissolved sulfate indicates 82 samples were
collected between April 26, 1972, and August 29, 1995. The concentrations were greater than or equal to the reporting
limit in all samples and ranged from 25 mg/L to 440 mg/L. The median concentration was 145 mg/L, and one-half of the
concentrations ranged from 82 mg/L (25th percentile) to 210 mg/L (75th percentile). The p-values for the Shapiro-Wilk
test for normality for both untransformed (p equals 0.0011) and log,-transformed (p equals 0.0036) data indicate that the
data are not normally distributed.

The analytical results are summarized in table 2 although the sample size is small for some constituents, especially
trace elements. The small sample size resulted from infrequent sampling for those constituents. If the sample size is less
than 20, the mean and the p-value for the Shapiro-Wilk test for normality are not shown; if the sample size is less than 10,
the 10th- and 90th-percentile values are not shown; if the sample size rangés from 1 to 4, the 25th- and 75th-percentile
values are not shown; and-if the sample size equals 1 or 2, the median is not shown.

Summaries by Constituent

Statistical summaries given in table 3 (at end of report) are arranged by constituent, rather than by site as in table 2, to
allow for site-to-site comparisons for a constituent of interest. The basic information given in table 3 is the same as that
given in table 2.

Comparisons Among Sites

Box plots combined with site groupings (figs. 2 through 7) show similarities and differences for selected constituents
that had 20 or more analyses per site. The constituents include physical properties, major ions, nutrients, and suspended
sediment. For each constituent, an analysis of variance (ANOVA) of data ranks for each site was conducted using the
general linear-model procedure (SAS Institute, 1989a, 1989b). The sites then were assigned to groups using the
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Figure 4. Dissolved potassium, sulfate, chloride, and silica concentations at selected sampling sites in the James River Basin, North
Dakota. i
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Figure 5. Dissolved nitrite plus nitrate, ammonia, and organic nitrogen concentrations and total phosphorus concentrations at
selected sampling sites in the James River Basin, North Dakota.
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Figure 6. Dissolved phosphorus, orthophosphate, boron, and iron concentrations at selected sampling sites in the James River Basin,
North Dakota.
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Figure 7. Dissolved manganese concentrations, suspended-sediment concentrations, nonfilterable-residue concentrations, and
turbidity values at selected sampling sites in the James River Basin, North Dakota.
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Tukey-Kramer method (SAS Institute, 1989b). Use of data ranks in parametric tests (for example, ANOVA,
Tukey-Kramer) is preferred because the tests lose little power when the data are normal and are more robust to violation of
the assumption of normality (Conover and Iman, 1981). Box plots were not compiled for site 3 because each of the
constituents at that site had less than 20 analysés. '

Output from the Tukey-Kramer analysis results in a letter designation (A, B, C, etc.) for each site. Sites that have the
same letter designation have no significant differences among the concentrations for the constituents being tested at
o equals 0.05. The box plots shown in figures 2 through 7 give a visual indication of the differences among sites, and the
letter designations indicate whether the differences are significant. The sites are arranged from left to right in downstream
order.

Differences among sites can result from different sampling periods. If a time trend is present and a site was sampled
frequently during that period, the indicated water-quality differences among the sites may be largely related to the trend.
For example, climatic cycles, such as drought, can affect constituent concentrations. If one site is sampled frequently
during an extended drought and another is sampled infrequently or not at all during the drought, the indicated differences
between the two sites may be largely related to the nonconcurrent sampling periods. Effects of the different sampling
periods may override possible effects of land use, physiographic setting, pollution, and other factors, but results for sites 7
and 8, both of which are located on Pipestem Creek, indicate the different sampling periods may not pose a serious
problem. Although sites 7 and 8 were sampled nonconcurrently, the concentrations for most constituents have no
significant differences. '

Properties and Dissolved Solids

Specific conductance is a measure of the ability of water to conduct electricity. The ability of water to conduct
electricity is proportional to the concentration of dissolved ions. The greater the concentration of ions, the greater the
ability to conduct electricity and the larger the specific-conductance value. Thus, specific conductance is related to the
dissolved solids in the water. Because ions have different charges (for example, sodium has a charge of +1 and calcium
and magnesium have a charge of +2), the mixture of ions in the water controls the proportionality between dissolved solids
and specific conductance. For the James River, the mean ratio between dissolved solids and specific conductance is 0.66
and the ratio ranges from 0.42 to 1.07.

Median specific-conductance values and dissolved-solids concentrations for the James River main-stem sites
increased slightly from site 1 to sites 2 and 4, decreased at site 6, increased to a maximum at site 12, and plateaued at sites
14, 15, and 16 (fig. 2). The decrease in dissolved-solids concentrations between sites 4 and 6 was significant. Kelly Creek
(site 5) had significantly lower specific-conductance values than all other sites and lower dissolved-solids concentrations
than most other sites. Inflow of more dilute water from the creek probably affected the values and concentrations at site 6,
which is located on the main stem of the James River. The increases in specific-conductance values and dissolved-solids
concentrations between sites 6 and 12 also were significant. :

Dissolved-solids concentrations at Kelly Creek (site 5) and Pilot Drain (site 13) were similar and were lower and less
variable than at most other sites. Specific-conductance values had a similar pattern but were slightly (and significantly)
higher at site 13 than at site 5. The values and concentrations for two tributaries, Pipestem Creek (sites 7 and 8) and Bear
Creek (site 11), were similar to those for the James River main-stem sites. :

pH values were similar for some main-stem sites but not for others (fig. 2). At sites 9 and 10, pH values were
significantly lower than at sites 6, 14, 15, and 16. The difference between pH values at sites 7 and 8 also was significant.
The median value for site 7, which was sampled during 1974-95, was about 0.4 unit greater than the median value for
site 8, which was sampled during 1957-74 (table 3). To assess the validity of this apparent temporal increase, pH values
for other sites that had more than 20 pH measurements during each of those time periods were evaluated. The median pH
value for site 9 increased 0.3 unit, and the value for site 10 increased 0.4 unit. In contrast, the values for sites 12 and 13
changed less with time. The value for site 12 decreased 0.02 unit, and the value for site 13 decreased 0.1 unit. Thus, no
consistent temporal bias existed. :
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The differences among dissolved-oxygen concentrations for all sites generally were not significant (fig. 2). The
concentrations varied widely at each site and ranged from near zero to more than 20 mg/L at several sites. Those concen-
trations greater than 14 mg/L indicate supersaturated conditions, which may be caused by high rates of photosynthesis.

Total hardness values generally increased from upstream to downstream in the basin (fig. 3). Sites 1, 2, 5, 6, and 7 had
significantly lower hardness values than sites 10, 12, 13, 14, and 16. Some sites, particularly main-stem sites located
downstream from Jamestown, had wide ranges in total hardness values. These wide ranges were in contrast to the
relatively narrow ranges for site 5 on Kelly Creek and site 13 on Pilot Drain.

Maijor lons and Silica

The patterns for major ions and silica generally reflect the patterns for specific conductance and dissolved solids. For
Pilot Drain (site 13), specific-conductance values and dissolved-solids concentrations were relatively low; calcium,
magnesium, and silica concentrations were relatively high; and sodium, potassium, sulfate, and chloride concentrations
were low.

Median dissolved calcium concentrations at sites 1, 2, 4, 5, and 6 in the upstream part of the James River Basin
indicate site-to-site variability. Concentrations at site 4 were significantly higher than those at sites 2 and 6, but
concentrations at site 6 were significantly lower than those at site 9 (fig. 3). The differences among concentrations at
sites 9 through 16 in the downstream part of the basin were not significant. Generally, concentrations at sites 9 through 16
were significantly higher and had a wider range than concentrations at sites 1 through 8 in the upstream part of the basin.
Concentrations that ranged from 100 to 300 mg/L or more were more common in the downstream part of the basin, and
concentrations at site 13 were significantly higher than those at all other main-stem and tributary sites.

Few significant differences occurred in dissolved magnesium concentrations along the main stem of the James River
(fig. 3). Concentrations increased significantly from site 1 to site 4 and then decreased slightly at site 6. Differences
among concentrations at the downstream main-stem sites were not significant. Concentrations in the downstream part of
the basin had a wider range than those in the upstream part and occasionally exceeded 100 mg/L.

The differences among dissolved sodium concentrations at the main-stem sites were not significant, except that
concentrations at site 6 were significantly lower than those at site 16 (fig. 3). Concentrations at sites 5 and 13, two
tributary sites, had a narrower range than those at the main-stem sites and other tributary sites. Concentrations at site 13
were significantly lower than those at all other sites.

Dissolved potassium concentrations increased along the main stem of the James River between sites 1 and 6 and then
decreased significantly between sites 6 and 9 (fig. 4). The decrease possibly was caused by inflow of low-potassium water
from Pipestem Creek (sites 7 and 8). Downstream from site 9, potassium concentrations increased significantly along the
James River. Concentrations at site 5 were significantly lower than those at sites 4 and 6 on the main stem, and
concentrations at site 13 were significantly lower than those at all other sites.

Dissolved sulfate concentrations at the James River main-stem sites generally increased from upstream to downstream
(fig. 4). Concentrations at sites 12, 14, 15, and 16 were significantly higher than those at sites 1 and 6. Median
concentrations gradually increased from 100 mg/L at site 6 to 170 mg/L at site 12. Concentrations at sites 5 and 13, two
tributary sites, were significantly lower and varied less than those at most main-stem sites and those at sites 7, 8, and 11,
which also are tributary sites. Occasionally, concentrations of 500 to 1,000 mg/L occurred downstream of Jamestown.

Dissolved chloride concentrations varied significantly along the upper part of the main stem upstream from Jamestown
(fig. 4). Concentrations at site 2 were significantly higher than those at site 1 on the main stem, but concentrations at site 6
were significantly lower than those at sites 4 and 9 on the main stem. The differences among concentrations at the
main-stem sites downstream from Jamestown were not significant. Concentrations greater than 100 mg/L occurred more
often along the lower part of the main stem downstream from Jamestown than along the upper part of the main stem
upstream from Jamestown. Concentrations at site 13 were significantly lower than those at nearby main-stem sites and
those at site 11, a tributary site located near site 13.
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Dissolved silica concentrations were higher at site 4 than at sites 2 and 6 (fig. 4). Concentrations at site 9 were
significantly higher than those at site 6, and concentrations at site 13 were significantly higher than those at all other sites.

Nutrierits

Median dissolved nitrite concentrations were less than the reporting limit (0.02 mg/L as N) at all sites where 20 or
more samples were collected. Median dissolved nitrite plus nitrate concentrations were less than the reporting limit
(0.10 mg/L as N) at all but two sites (fig. 5). Concentrations at site 13 ranged from 0.13 to 3.7 mg/L as N and were
significantly higher than those at other sites in the basin.

Dissolved ammonia samples were collected mostly during 1981-95. However, at site 12, samples were collected
during 1969-95. The tributary sites were not sampled often enough for statistical evaluation. The differences in ammonia
concentrations among the main-stem sites were not significant except that concentrations at site 9 were significantly higher
than those at site 1 (fig. 5). '

Only six sites, all of which are on the main stem, had sufficient data to evaluate dissolved organic nitrogen. All of the
samples were collected during a relatively short period (1987-95). Concentrations at sites 2 and 4 in the upstream part of
the basin were significantly higher than those at sites 9, 10, 12, and 14 in the downstream part of the basin (fig. 5).
Concentrations at site 14 in the downstream part of the basin were significantly higher than those at sites 9 and 10.

Only six sites, all of which are on the main stem, had sufficient data to evaluate total phosphorus. Total phosphorus
concentrations at sites 2 and 4 in the upstream part of the basin were similar to those at site 9 at Jamestown (fig. 5).
Concentrations downstream of Jamestown at sites 10 and 12 were significantly higher than those at site 9.

Median dissolved phosphorus concentrations gradually decreased from 0.23 mg/L as P at site 1 on the main stem to
0.05 mg/L as P at site 6 on the main stem (fig. 6). This decrease may reflect uptake and utilization of soluble phosphorus in
Arrowwood National Wildlife Refuge. Only one tributary, Pilot Drain at site 13, had sufficient data to evaluate dissolved
phosphorus. Concentrations at site 13 were significantly lower than those at the main-stem sites. However, dissolved
phosphorus sampling at site 13 ended in 1983, and sampling at most other sites continued through 1995. Median dissolved
- orthophosphat€ concentrations also decreased between sites 1 and 6 on the main stem (fig. 6).

Trace Elements

Median dissolved boron concentrations decreased between sites 1 and 6 on the main stem and then nearly doubled
between sites 6 and 9 (fig. 6). Concentrations at site 13 were significantly lower than those at other sites downstream of
Jamestown.

Dissolved iron concentrations decreased significantly between sites 1 and 6 on the main stem and then increased
significantly between sites 6 and 9 (fig. 6). The increase between sites 6 and 9 may be a result of inflow from Pipestem
Creek, which had concentrations that were significantly higher than those at sites 6 and 9. Concentrations decreased

downstream of site 9.

The differences among dissolved manganese concentrations at the main-stem sites and the tributary sites upstream of
Jamestown were not significant (fig. 7). However, median concentrations increased about sixfold between site 6, which
had a concentration of 89 micrograms per liter (ug/L), and site 9, which had a concentration of 570 pg/L. Concentrations
decreased downstream of site 9. Concentrations at site 12 were significantly lower than those at site 9, and concentrations
at sites 14 and 16 were significantly lower than those at site 12. The sampling periods for sites 14 and 16 were shorter than
those for sites 9, 10, and 12.

Suspended Sediment

Median suspended-sediment concentrations were lowest in the upstream part of the basin. Concentrations at sites 1, 2,
and 4 in the upstream part of the basin were significantly lower than those at sites 9, 10, 12, 14, and 16 in the downstream
part of the basin (fig. 7). Median concentrations increased steadily from 22 mg/L at site 6 to 89 mg/L at site 12 and then
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decreased significantly at sites 14 and 16. Concentrations at site 12 were significantly higher than those at all other sites
except site 10.

Nonfilterable residue, often termed total suspended solids, is a measure of the amount of suspended material in a water
sample. The analytical procedures for residue and suspended sediment differ. Suspended-sediment concentrations are
determined from the entire contents of a whole-water sample, and nonfilterable-residue concentrations are determined
using a pipetted subsample of a whole-water sample. The nonfilterable-residue procedure often underestimates the amount
of suspended material, especially if the sample contains a significant percentage of sand-sized particles. Median
nonfilterable-residue concentrations along the main stem steadily increased between sites 1 and 12 and then decreased
between sites 12 and 16 (fig. 7). The analysis of nonfilterable-residue data supports the analysis of suspended-sediment
data. '

Turbidity data generally reflect the patterns of the suspended-sediment and nonfilterable-residue data although
statistical differences among sites are not as pronounced for turbidity (fig. 7). Turbidity values were low in the upstream
part of the basin, increased in the middle part of the basin, and slightly (not significantly) decreased in the downstream part
of the basin (sites 14 and 16; fig. 7). Turbidity relates to the concentration and particle sizes (clay, silt, and sand) of
suspended material and, thus, is an imperfect surrogate for suspended sediment.

- WATER-QUALITY TRENDS

Regression analyses were used to evaluate the relation of constituent concentrations to streamflow, season, and time.
Information about the relations to streamflow and season can be useful to water users, managers of waste-load allocation,
and designers of water-quality monitoring programs. Also, streamflow and season frequently impart variability to water
quality and should be accounted for when evaluating trends (Helsel and Hirsch, 1992). This section describes the
regression approach, highlights exploratory analyses of specific-conductance data at sites 9 and 10 to illustrate the
regression analyses, and summarizes regression-model results for other constituents and sites.

Regression analyses were used to evaluate major-ion, nutrient, and suspended-sediment data for sites that had 30 or
more samples for the period of interest. The REG procedure (SAS Institute, 1989b) was used for the evaluation. The
regression analyses were conducted for study purposes only and were not intended for predicting concentrations.

To evaluate the relation of constituent concentrations to streamflow, season, and time, the following regression
equations were used:

conc. = 4+ Blog, (Q) + Csin (27nt) + Dcos (2nt) + Et ")
and
log, (conc.) = 4 +Bloge(Q) + Csin (2nt) + Dcos (2nt) + Et ()
where

conc. is the constituent concentration (includes specific conductance, which is not strictly a concentration; see table 2
for units);

A through E are regression coefficients;

log,, is the natural (base-e) logarithm;

Q is streamflow, in cubic feet per second;

sin and cos are sine and cosine (trigonometric functions);

7t is 3.14159; and

t is time, in years, since January 1, 1960 (for example, July 1, 1980, has a value of ¢ =20.50).
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The significance of regression coefficients can be affected by outlier values. The effect of outliers was eliminated by
conducting an initial regression analysis and then including in subsequent analyses only those observations for which the
absolute value of the studentized residuals was less than 2.1.

Normality of residuals and a constant variance of residuals (significance of less than 0.05 for both tests) were used as
indicators of good regressions. If regressions could not be accepted as good on the basis of those criteria, normality of
residuals was used as the indicator of fair regressions. If regressions could not be accepted as good or fair for a given
constituent and site, the regressions were judged poor and unsuitable for determining the relation of constituent
concentrations to streamflow, season, and time.

Serial autocorrelation typically was low and exceeded 0.5 only in the model for log,-transformed data for specific
conductance at site 7 and untransformed and log,-transformed data for potassium at sites 1 and 9. Autocorrelation should
not adversely affect the validity of the regression models, which in this report are not used for predicting concentrations.

Regression Analysis

Specific conductance at sites 9 and 10 is used to illustrate the evaluation of water-quality trends. Data for site 9 were .
collected during 1949-95, and data for site 10 were collected during 1957-95. Specific conductance is inversely related to
the natural logarithm of streamflow at both sites (fig. 8) because of dilution caused by inflows of low-conductance rainfall
and snowmelt runoff. Residuals from the regression of specific conductance with the natural logarithms of streamflow
vary with season. Higher values occur in the winter, and lower values occur from spring through autumn (fig. 9).

Regression of specific conductance with the natural logarithm of streamflow and the seasonal terms (herein, sine and
cosine of 27z, where ¢ is time, in years, from January 1, 1960) (Helsel and Hirsch, 1992; p. 341) accounts for the effects of
both streamflow and season on specific conductance. Based on comparisons with climatic records, the regression (fig. 10)
indicated that the distribution of residuals seems to be affected by periods that are very dry or very wet.

Specific-conductance values for site 9 were considered in terms of five different time segments, and values for site 10
were considered in terms of four different time segments. The values then were input into regression models of specific
conductance with the natural logarithm of streamflow, seasonal terms, and time (eq. 1). The results of the regression
analyses are given in table 4 (at end of report). The significance and sign of the time trends (coefficient E in table 4)
depended on the time period chosen. For example, wet conditions that occurred during 1993-95 near the end of the study
period strongly affected trends in specific conductance with time. Wahl (1998) noted that trend analyses can be affected by
multiyear extremes that occur near the beginning or end of a study period. Therefore, data from 1993-9