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SELECTED FACTORS FOR CONVERTING INCH-POUND UNITS 

TO METRIC UNITS

For those readers who may prefer to use metric units rather than inch- 
pound units, the conversion factors for the terms used in this report are 
given below.

Multiply inch-pound unit

Cubic foot per second 
Inch 
Tons per acre-foot

Tons per day

by

0.02832 
25.40 

.7355

907.2

To obtain metric uni t

cubic meter per second 
millimeter 
kilogram per cubic 
meter 
kilogram per day

To convert degrees Celsius (°C) to degrees Fahrenheit (°F), use the following 
formula: °F = 9/5(°C)+32.



SUMMARIES OF WATER-QUALITY DATA COLLECTED DURING 1979-87 FOR SELECTED 

JAMES RIVER AND REFUGE LOCATIONS IN NORTH DAKOTA AND SOUTH DAKOTA

By L. I. Briel

ABSTRACT

Water-quality data were collected during 1979-87 at selected locations 
In the central part of the James River basin, North and South Dakota, by the 
U.S. Geological Survey and the U.S. Bureau of Reclamation to document baseline 
conditions In three wildlife refuges. These data are needed to determine 
potential impacts on water quality of augmented flows in the James River from 
proposed operation of the Garrison Diversion Unit. This report contains 
statistical summaries of 190 water-quality characteristics and constituents 
determined from samples collected at 10 main-stem gaging stations and 94 
sampling sites in the study area. Characteristics and constituents are com­ 
pared to State water-quality standards and the number of measurements exceed­ 
ing each standard is noted. Seasonal or bimonthly means were calculated for 
selected characteristics and constituents and the amount of data available for 
each gaging station and pool is included.

INTRODUCTION

Operation of the Garrison Diversion Unit (the Unit) in North Dakota will 
divert water from the Missouri River into the upper James River basin to 
augment flows in the James River sufficiently to permit expanded irrigation 
and to provide additional water supplies for municipal and industrial use. 
Potential impacts of augmented flows on water quality in three wildlife 
refuges in the central part of the James River basin currently are being 
studied by the U.S. Geological Survey in cooperation with the U.S. Bureau of 
Reclamation.

This report contains summaries of water-quality data collected during 
1979-87 in the central part of the James River basin in North Dakota and South 
Dakota (fig. 1). The U.S. Geological Survey collected water-quality and 
streamflow data from January 2, 1979, to November 18, 1987, at 10 James River 
main-stem gaging stations in the study area. The U.S. Bureau of Reclamation 
collected summer-season data from June 25, 1984, to August 20, 1987, at 94 
refuge locations, including 48 sampling sites in the Arrowwood National 
Wildlife Refuge in North Dakota, 3 sampling sites in the Hyatt Slough State 
Wildlife Management Area in North Dakota, and 43 sampling sites in the Sand 
Lake National Wildlife Refuge in South Dakota. In this report, the 94 refuge 
sites have been aggregated into eight larger groupings, or "pools," to provide 
more reliable statistical values. The data base contains values for 190 
water-quality characteristics and constituents, which have been grouped for 
convenience into seven categories: physical properties, major constituents, 
nutrients, trace elements, pesticides, chlorophyll data, and sediment data.
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Field measurements of discharge, water temperature, and specific con­ 
ductance at the time of sample collection are listed in this report. For 
gaging stations 06468250, 06470000, 06470500 and 06470875 (Kensal, 
Jamestown, LaMoure, and Ludden), daily records for discharge are available 
also. Daily records for water temperature and specific conductance are 
available for gaging stations 06470500, 06470830, 06470875, and 06471000 
(LaMoure, Oakes, Ludden, and Columbia), and daily records of gage height 
and velocity are available for gaging station 06470980 (Hecla). All of 
these daily values are stored in the computer files of the U.S. Geological 
Survey. Values for selected characteristics and constituents for water 
years 1979-87 have been published annually in U.S. Geological Survey, Water 
Resources Data for North Dakota reports (1979-87) and U.S. Geological 
Survey, Water Resources Data for South Dakota reports (1979-87).

The primary purpose of this report is to summarize available water- 
quality data collected during 1979-87 for selected locations in the central 
part of the James River basin. The objectives of the report are: (1) To 
compile statistical summaries of available data by location and by water- 
quality characteristic and constituent; (2) to compare values for selected 
characteristics and constituents to State water-quality standards; (3) to 
note, where possible, seasonal trends in selected characteristics and 
constituents; and (4) to note the adequacy of available data for deter­ 
mining baseline (pre-Unit) conditions in the study area.

STATE WATER-QUALITY STANDARDS AND STATISTICAL SUMMARIES OF DATA

Water quality in the James River is regulated by State statutes. In 
North Dakota, the James River is a Class IA stream. Water quality in this 
class permits the propagation of resident fish species and is suitable for 
municipal use, water recreation, irrigation, stock watering, and wildlife 
use (North Dakota State Department of Health, 1985). In South Dakota, 
water quality in the James River falls into two beneficial-use categories: 
(1) Warmwater semipermanent fish life propagation waters and (2) limited 
contact recreation waters (South Dakota Department of Water and Natural 
Resources, Board of Water Management, 1987). The water-quality standards 
for North Dakota and South Dakota that were used in this report are shown 
in table 1. The water-quality data in tables 2-20 were compared to these 
standards and the number of measurements exceeding each standard is shown. 
Data for gaging station 06470878 at the North Dakota-South Dakota State 
line were compared to the standards for both States (tables 15-16).

Statistical summaries of data collected during this study for selected 
locations in the James River basin are shown in tables 2-20. Data for the 
gaging stations (tables 2, 8-12, 14-17 and 20) were collected by the U.S. 
Geological Survey; data for the refuge areas (tables 3-7, 13, 18 and 19) 
were collected by the U.S. Bureau of Reclamation. To facilitate comparison 
of nearby locations, tables 2-20 are presented in downstream order, 
beginning with gaging station 06468250 upstream from the Arrowwood National 
Wildlife Refuge near Kensal, N.Dak., and ending with gaging station 
06471000 downstream from the Sand Lake National Wildlife Refuge at



Columbia, S.Dak. Because a large amount of data is available for the 
Arrowwood National Wildlife Refuge, data for all of the 48 sites in the 
refuge are summarized first as a whole (table 3), and then for each of the 
four pools (tables 4-7; fig. 1).

The frequency of collection and the suite of water-quality character­ 
istics and constituents varies from location to location, depending on the 
objectives established by the U.S. Geological Survey and the U.S. Bureau of 
Reclamation. Data collected by the U.S. Geological Survey at the gaging 
stations were intended to provide a periodic synopsis of a large number of 
water-quality characteristics and constituents. During 1979-87, an average 
of eight samples per station per year was collected at intervals of 1 to 2 
months; however, for stations 06470878 and 06470980 (State line and Hecla), 
the record is discontinuous for intervals of 32 to 56 months. Data 
collected by the U.S. Bureau of Reclamation in the wildlife refuges were 
intended to provide a more intensive examination of a smaller number of 
water-quality characteristics and constituents during four consecutive 
summers, from 1984-87. These data generally were collected at monthly 
intervals.

Some of the total number of measurements shown in tables 2-20 are pre­ 
ceded by an asterisk (*). The asterisk indicates that the total number of 
measurements includes analyses that were reported as "less than a detection 
limit." These analyses are valid indications that a water sample was 
analyzed for a particular constituent and its concentration was found to be 
less than a detectable amount; however, these analyses were not included in 
the calculation of the mean and standard deviation shown for the constitu­ 
ent.

Some of the maximum values shown in tables 2-20 are preceded by a 
symbol meaning "is less than" (<). This symbol indicates that all analyses 
for a particular constituent are less than a detection limit and, there­ 
fore, no descriptive statistics were calculated. Of the 71 pesticide 
constituents measured for the Kensal, Ludden, and Columbia gaging stations 
(06468250, 06470875, and 06471000) 69 are shown in this manner (tables 2, 
14, and 20). During the study period, methods of analysis improved and the 
data base contains some water-quality constituents that have more than one 
detection limit. If all analyses for a particular constituent were 
reported as less than the prevailing detection limit, the largest limit, 
preceded by the symbol <, is the maximum value shown in tables 2-20.

Some samples were analyzed for both dissolved and total concentrations 
of a constituent, while others were analyzed for either the dissolved or 
total concentration of a constituent. Generally, more samples were ana­ 
lyzed for the dissolved concentration than for the total concentration. 
North Dakota standards for Class IA streams specify whether the statutory 
limit applies to the total concentration in a sample or to the dissolved 
concentration. For most trace elements there is no State standard for the 
dissolved concentration of a constituent, but for some of the trace ele­ 
ments listed in this report, the dissolved concentration exceeds the State



standard for the total concentration. When no State standard exists for 
the dissolved concentration of a trace element, the symbol PE is used in 
tables 2-20 in the "Number of measurements exceeding the North Dakota 
standard" column to indicate that some of the dissolved concentrations 
exceeded the State standard for the total concentration.

SEASONAL TRENDS IN WATER-QUALITY CHARACTERISTICS AND CONSTITUENTS

As previously noted, the U.S. Geological Survey and the U.S. Bureau of 
Reclamation established different frequencies for collecting water-quality 
data in the study area. The difference is important because it severely 
limits comparison of seasonal trends between the two sets of data. For 
many characteristics and constituents, there are too few data to calculate 
reliable seasonal trends; therefore, only a few general patterns can be 
determined.

At most gaging stations, water-quality data were collected periodical­ 
ly during 1979-87. All months of the year are represented, but there are 
too few samples to justify the calculation of monthly means. Gaging- 
station data generally are sufficient for division into three annual 
seasons: (1) the spring-runoff season, March through May; (2) the summer- 
growth season, June through September; and (3) the cold-water season, 
October through February. Variability in many water-quality charac­ 
teristics and constituents is greatest during the spring-runoff season, 
When a large amount of runoff from snowmelt occurs.

Seasonal means of selected water-quality characteristics and constitu­ 
ents for the 10 James River main-stem gaging stations in the study area are 
shown in table 21. Seasonal variability in characteristics and constitu­ 
ents can be seen by comparing the mean values. Differences between 
seasonal means are more pronounced at some stations, but general patterns 
are apparent for some characteristics and constituents.

For most major constituents (tables 2-20), mean concentrations are 
lowest during the spring-runoff season and increase thereafter. The 
discharge of the river probably controls the seasonal mean concentrations 
of many major constituents.

Another pattern is seen in mean water temperature, which reaches a 
maximum during the summer-growth season and then decreases through the rest 
of the year. Mean dissolved oxygen has an opposite pattern: its seasonal 
mean reaches a minimum during the summer season and increases thereafter. 
Seasonal variations in the mean concentration of dissolved oxygen probably 
reflect the fact that the solubility of oxygen decreases as water tempera­ 
ture increases.

Insufficient data are available for most of the nutrients and 
trace elements to calculate reliable seasonal means for more than one 
season. Therefore, seasonal trends were not determined for these 
constituents.



In the wildlife refuges, water-quality data were collected at monthly 
intervals during four consecutive summer seasons (1984-87). Because only 
half of the year is represented, if these data are divided into three 
annual seasons, there is a disproportionate number of samples for the 
summer season and too few samples for either of the other two seasons to 
calculate reliable seasonal means. Too few samples are available to 
justify the calculation of monthly means during the summer season, but 
there are enough samples to calculate bimonthly means. Although not 
directly comparable with seasonal means for the gaging stations, bimonthly 
means for the refuge areas indicate the variation in water-quality charac­ 
teristics and constituents as the growing season progresses.

Bimonthly means of selected water-quality characteristics and constit­ 
uents for samples collected during the summer season in the wildlife 
refuges are shown in table 22. The same information for different pools 
within the Arrov/wood National Wildlife Refuge is shown in table 23. 
Overall patterns of bimonthly means for refuge areas are quite similar to 
patterns observed in seasonal means for gaging stations. Although some of 
the means for the Hyatt Slough State Wildlife Management Area are excep­ 
tional, bimonthly means of characteristics and constituents for samples 
collected in refuge areas (tables 22-23) generally are in the same range 
and change in the same direction as summer-season means for samples 
collected at the gaging-stations (table 21). The very large values for 
some characteristics and constituents in Hyatt Slough reflect the fact that 
this shallow pond is connected to the river only during times of peak flow. 
During the summer months, evaporation probably controls the concentrations 
of many water-quality constituents in Hyatt Slough.

ADEQUACY OF DATA BASE FOR DEFINING BASELINE WATER-QUALITY CONDITIONS

The amount of data collected during this study varies widely by 
characteristic and constituent and ranges from 1 measurement of total 
acidity and total fluoride to more than 1,500 measurements of water temper­ 
ature and specific conductance. For the seven categories shown in tables 
2-20, the most measurements generally are for physical properties and major 
constituents followed by chlorophyll data, nutrients, trace elements, 
pesticides, and sediment data.

The number of measurements of water-quality characteristics and 
constituents exceeding detection limits is shown in table 24. Data for 
some physical properties, major constituents, chlorophyll, and a few of the 
nutrients are sufficient to estimate reliable means for the period of 
collection, but data for most of the other characteristics and constituents 
are not. Limited data for a few trace elements are available for selected 
locations, but these data represent isolated samples that may reflect only 
rough estimates of trace-element concentrations.

The North Dakota water-quality standard for total cyanide in Class IA 
streams is 0.005 milligrams per liter. The exact number of measurements 
exceeding this standard could not be determined because the detection limit



for total cyanide was 0.010 milligrams per liter. However, five measure­ 
ments of total cyanide for gaging station 06468500 (Pingree) exceeded the 
detection limit and, therefore, exceeded the North Dakota standard. Seven 
measurements of dissolved cyanide (no standard) had concentrations ranging 
from 0.01 to 0.02 milligrams per liter, which indicates also that total 
cyanide concentrations might, at times, exceed the North Dakota standard. 
The South Dakota water-quality standard for total cyanide is 0.020 
milligrams per liter. The measurements of total cyanide at gaging stations 
06470980 and 06471000 (Hecla and Columbia) do not exceed the South Dakota 
standard.

Very few data for pesticides are available. Of the 71 pesticides, 
only 2 exceeded detection limits. At stations 06470875 and 06471000 
(Ludden and Columbia), two commonly used pesticides, atrazine and 2,4-D 
(2,4-dichlorophenoxy acetic acid), exceeded their detection limits; 
however, there are no State water-quality standards for comparison.

Data on 15 sediment characteristics are available for the LaMoure 
gaging station (06470500), but only 3 of these characteristics were 
measured elsewhere in the study area. There are no State water-quality 
standards for sediment characteristics.

A large amount of water-quality data was collected in the central part 
of the James River basin during 1979-87; however, only some of the 190 
characteristics and constituents have enough measurements at any given 
location to determine reliable mean values for the study period. Data for 
many characteristics and constituents represent isolated samples. For most 
characteristics and constituents, the available data are too few to calcu­ 
late seasonal trends, and only very general seasonal patterns can be 
determined.
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