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SELECTED FACTORS FOR CONVERTING INCH-POUND UNITS 

TO METRIC UNITS

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

Multiply inch-pound unit By To obtain metric unit

Acre 0.4047 hectare

Square mile 2.590 square kilometer

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

Sea level: In this report sea level refers to the National Geodetic 
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a 
general adjustment of the first-order level nets of both the United States 
and Canada, formerly called mean sea level of 1929.

iv



WATER-QUALITY DATA FOR SELECTED WELLS AND DRAINS IN THE OAKES STUDY AREA, 

SOUTH-CENTRAL NORTH DAKOTA, DECEMBER 1986 THROUGH SEPTEMBER 1987

By J. D. Wald, C. S. Helgesen, and M. C. Pokladnik

INTRODUCTION

Operation of the Garrison Diversion Unit in North Dakota will divert 
water from the Missouri River near Lake Audubon into the upper James River 
basin (fig. 1). The diverted water will augment flows in the James River 
sufficiently to permit expanded irrigation and to provide additional water 
supplies for municipal and industrial use. The proposed Garrison Diversion 
Unit development and associated expanded irrigation has caused environmental 
concerns regarding potential mobilization, transport, and concentration of 
potentially toxic trace elements. In order to address'these concerns, a 
study of trace elements was made cooperatively by the U.S. Bureau of 
Reclamation and the U.S. Geological Survey during 1986-88. The trace- 
element study area consists of approximately 130,000 acres and includes the 
Turtle Lake, Lincoln Valley, Harvey, New Rockford, LaMoure, and Oakes areas. 
As part of this study, Severson and others (1988) reported on the baseline 
geochemistry of soils, with special emphasis on selenium, for an irrigation 
test area of about 15 square miles near Oakes, N.Dak. This report presents 
the water-quality data collected during December 1986 through September 1987 
from selected wells and drain sites in the Oakes study area.

Purpose and Scope

The purpose of this report is to present the water-quality data 
obtained during December 1986 through September 1987 from selected wells and 
drain sites in the Oakes study area, and to document the sample collection 
and processing procedures used. Water samples were collected from 63 wells 
and 23 drain sites during December 1986 through September 1987. The samples 
were collected by the U.S. Bureau of Reclamation and analyzed by the U.S. 
Bureau of Reclamation and the U.S. Geological Survey.

Location of Study Area

The Oakes study area is located south of the city of Oakes in Dickey 
County, south-central North Dakota. The study area consists of about 23 
square miles in Tps. 130 and 131 N., Rs. 59 and 60 W. (figs. 1 and 2).

Location-Numbering Systems

The latitude-longitude and township-range location-numbering systems are 
used to identify the wells and drain sites in this report (fig. 3). The 
latitude-longitude identification number assigned to each well and drain 
site is based on the grid system of latitude and longitude and consists of 
15 digits. The first six digits denote the degrees, minutes, and seconds of 
latitude, the next seven digits denote degrees, minutes, and seconds of 
longitude, and the last two digits (assigned sequentially) identify the 
wells or drain sites within a 1-second grid.
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98 07'30" 98 05' R. 59 W. 98 02'30"

4605' -

46 02'30" U
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EXPLANATION I

,w-2A U.S. BUREAU OF RECLAMATION WELL- | 
Number is identification number

Qi6+oo U.S. BUREAU OF RECLAMATION FIELD j 
DRAIN Number is identification number

R. 60 W.
Base from U.S. Geological Survey 
Guelph 1955; Oakes, 1952; 
Oakes SE. 1955

R. 59 W.

2 MILES

0 Yi 1 2 KILOMETERS

Figure 2. Locations of data-collection sites in the Oakes area, south-central North Dakota.
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46 04'23'

46 04'22'

46 04'21"

Coordinates for well 
460422098030001

LATITUDE AND LONGITUDE

TOWNSHIP AND RANGE

Figure 3. Systems of numbering wells and drain sites using 
latitude and longitude and township and range.



The township-range identification number is based on the Federal system 
of rectangular surveys of the public lands. The first numeral denotes the 
township, the second denotes the range, and the third denotes the section in 
which the well or drain site is located. The letters A, B, C, and D 
designate, respectively, the northeast, northwest, southwest, and southeast 
quarter section, quarter-quarter section, and quarter-quarter-quarter sec­ 
tion (10-acre tract); thus, well 130-059-15DAA would be located in the 
NEMNEMSEM sec. 15, T. 130 N., R. 59 W. Consecutive terminal numbers are 
added if more than one well or drain site is recorded within a 10-acre 
tract.

WATER-QUALITY DATA COLLECTION AND ANALYSIS

Water samples were collected during December 1986 through September 1987 
from 63 U.S. Bureau of Reclamation wells and 23 drain sites. The wells were 
completed in the Oakes aquifer and had a maximum depth of 29.8 feet. The 
locations of all data-collection sites are shown in figure 2. The locations 
and physical properties of the wells are listed in table 1; locations of 
drain sites are listed in table 2, and chemical analyses of water from the 
wells and drain sites are listed in table 3.

Sample Collection Procedures

Water levels in the wells were measured using steel tapes as described 
by Garber and Koopman (1969). The wells were evacuated of 2.5 times their 
volume of standing water using polyvinyl-chloride bailers. After the wells 
were evacuated, they were allowed to recover for 24 hours, or until water 
levels returned to within 5 percent of their original level. Prior to 
further disturbance, downhole water temperature and dissolved-oxygen con­ 
centration were determined using laboratory-calibrated Yellow Springs 
Instruments Models 57 and 58 1 dissolved-oxygen/temperature meters. The 
dissolved-oxygen meters were calibrated in the morning and evening. The 
meters were not shut off during the day and were found to remain in 
calibration.

Following the downhole determinations, ground-water samples were 
collected by U.S. Bureau of Reclamation personnel. Five liters (L) of 
ground water was collected and placed in polyethylene cubitainers that 
previously had been rinsed with sample water. All samples were returned to 
the U.S. Bureau of Reclamation headquarters in Oakes within 1 hour of 
collection. The U.S. Bureau of Reclamation had a roving driver who took the 
samples from the field to Oakes, thus insuring that a sample wasn't allowed 
to sit in a truck and undergo a temperature change. In two or three 
instances, a technician was sent back to resample a well.

Concurrent with ground-water sampling from wells, water samples were 
collected from the drains at selected drain access points. Samples were 
obtained from the centroid of drain flow using a teflon sewage sampler.

*The use of trade names in this report is for identification purposes only 
and does not constitute endorsement by the U.S. Geological Survey or the 
U.S. Bureau of Reclamation.



Water samples collected from the drain sites were handled, processed, and 
analyzed in the same manner as described for ground-water samples from wells.

Sample Processing Procedures

Sample processing and preparation for laboratory analysis were completed 
by U.S. Bureau of Reclamation chemistry technicians and a U.S. Geological 
Survey hydrologic technician at the U.S. Bureau of Reclamation headquarters 
in Oakes, N.Dak. Specific conductance and pH were measured on sample ali- 
quots using a Markson Electromark conductance meter and an Orion Model 811 
pH meter. Each sample was composited (1f necessary) in a 6-L teflon churn 
splitter for sample splitting. A 250-mL (mlllillter) aliquot was drawn from 
the churn into a sample-rinsed 250-mL polyethylene bottle for laboratory 
determination of pH, specific conductance, and carbonate and bicarbonate 
concentrations. An additional 100-mL aliquot was drawn from the churn into 
a sample-rinsed 100-mL glass bottle for determination of total organic car­ 
bon concentrations.

Remaining sample water was filtered and separated into different ali- 
quots for chemical analysis. A peristaltic pump equipped with sample-rinsed 
si 11 cone rubber tubing was used to deliver sample water from the churn to a 
Geotech filter apparatus that used a 142-mm (millimeter) diameter, 0.45 ym 
(micrometer) pore size Millipore filter. Filtered water was collected 
directly 1n sample bottles of appropriate size and preserved according to 
the analysis to be performed on that sample aliquot. A 250-mL sample ali­ 
quot was filtered into an acid-rinsed polyethylene bottle and was preserved 
with 2 mL of concentrated nitric acid to a pH of less than 2 for analysis of 
principal cations. A 250-mL sample aliquot was filtered Into a sample- 
rinsed polyethylene bottle for analysis of principal anions. A 500-mL 
sample aliquot was filtered Into an acid-rinsed polyethylene bottle for ana­ 
lysis of most trace elements. A 200-mL sample aliquot was filtered into an 
acid-rinsed glass bottle and was preserved with a mixture of nitric acid and 
potassium dichromate for analysis of mercury. A 250-mL sample aliquot was 
filtered into a sample-rinsed brown polyethylene bottle and was preserved 
with mercuric chloride for analysis of nutrients. Nutrient samples were not 
processed until after all mercury samples had been processed and stored in a 
sealed cooler. Once processing was complete, samples were placed in iced 
coolers for shipment to the appropriate analytical laboratory.

Analytical Procedures

Samples were analyzed for total organic carbon by the U.S. Geological 
Survey National Water Quality Laboratory in Arvada, Colo. Samples were ana­ 
lyzed for the remaining constituents by the U.S. Bureau of Reclamation 
Laboratory in Bismarck, N.Dak. Samples were received by the laboratories 
within 4 days of collection. Analysis of organic-carbon and nutrient 
samples was completed within 10 days of collection. Analysis of remaining 
constituents was completed within 100 days of collection. The analytical 
methods and detection limits for determination of chemical constituents are 
listed in table 4. Some concentrations of cadmium and selenium are reported 
by the U.S. Bureau of Reclamation Laboratory as <0.5; however, upon storage 
of the data in the U.S. Geological Survey's water-quality data base, the 
cadmium and selenium concentrations were rounded to the nearest microgram 
per liter and are reported as <1 yg/L in table 3.



Quality Assurance

Processed d1st111ed-water blanks and duplicate samples also were 
analyzed by both laboratories. All sample blanks Indicated constituent con­ 
centrations below detection limits. Values for the duplicate samples 
(quality-assurance samples) are shown 1n table 3. Laboratory Inter- 
comparisons suggested no particular laboratory biases or contamination.

REFERENCES CITED

Garber, M.S., and Koopman, F.C., 1969, Methods of measuring water levels 1n 
deep wells: U.S. Geological Survey Techniques of Water-Resources 
Investigations, book 8, chapter Al, 23 p.

Severson, R.C., Wilson, S.A., and Grundy, W.D., 1988, Baseline geochemistry 
of soils, with emphasis on selenium, at the Oakes Irrigation test area, 
North Dakota: U.S. Geological Survey Open-File Report 88-638, 38 p.
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Table 2. Locations of drain sites 

[USER, U.S. Bureau of Reclamation]

Latitude- 
longitude 

identification 
number

Township-range
identification

number

Local
Identification 

number

460606098040502
460547098052001
460548098060601
460515098051001
460527098040501

460514098040501
460455098034701
460448098031901
460422098033702
460337098055701

460337098042401
460344098052001
460337098052001
460336098031901
460337098040501

460244098032801
460258098040501
460245098040501
460245098043301
460239098051001

460232098052901
460233098070202
460217098003202

130-059-03CBB2
130-059-04CCC
130-059-05CDD
130-059-09CBA
130-059-10BCB

130-059-10CBB
130-059-10CDC
130-059-15ABA
130-059-15CAA2
130-059-20ACC

130-059-21ADC 
130-059-21BCB 
130-059-21BCC 
130-059-22ACD 
130-059-22BCC

130-059-27ACC 
130-059-27BBC 
130-059-27BCC 
130-059-28ACD 
130-059-28CBA

130-059-29DAD
130-059-30DBD2
130-060-25DDD2

USBR 60+88 
USBR 49+92 
USBR 16+00 
USBR 19+60 
USBR 18+94

USBR 132+30 
USBR 160+23 
USBR 8+77 
USBR 189+56 
USBR 113+00

USBR 193+65 
USBR 150+35 
USBR 142+35 
USBR 262+46 
USGS 202+01

USBR 222+88 
USBR 14+86 
USBR 196+94 
USBR 180+71 
USBR 150+88

USBR 134+68 
USBR 63+43 
USBR 26+32

11
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