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INTRODUCTION

The International Joint Commission recommended that the
United States Bureau of Reclamation develop and monitor a
prototype irrigation test area in the James River Basin (U.S.
House of Representatives, 1978). The purpose of the test
area is to verify and evaluate many of the impacts on the
soil, water, plants, and animals predicted from developing
the Garrison Diversion Unit. Testing would be accomplished
without Missouri River water entering the Canadian drainage
basin.

The Bureau of Reclamation selected a 5,000-acre test
plot in the West Oakes irrigation area, southeastern Dickey
County (U.S. Bureau of Reclamation, 1980). Water from
Jamestown Reservoir would be used on an interim basis to
service the irrigation test area.

The Bureau of Reclamation began irrigating 890 acres in
the 5,000~-acre test plot in 1988 using water from Jamestown
Reservoir. The drought of 1988 and 1989 demonstrated that
Jamestown Reservoir alone cannot supply enough water to
irrigate the 5,000-acre test plot on a long-term basis. As a
result of the water shortage during 1988 and 1989, the Bureau
of Reclamation proposed development of a supplemental water
supply using ground water from the Oakes aquifer that
underlies the 5,000-acre test plot. Wells would be installed
within the test plot near the existing distribution canal
(lateral 0-2.0). Ground water would be pumped from wells

into the canal and then distributed to selected irrigation



tracts in the 5,000-acre test plot. About 1,064 acres of
land were targeted for irrigation in the test plot during
1990, using ground water diverted from the proposed well
fields.

There are a number of irrigation appropriations approved
by the State Engineer in and around the 5,000-acre test plot
that divert ground water from the Oakes aquifer. Additional
ground-water withdrawals for the proposed interim water
supply in the test plot may dewater the aquifer locally
thereby reducing well yields for some existing appropriators.
To mitigate these potential adverse effects, the Bureau of
Reclamation will divert water from the James River, during
peak spring runoff periods, to surface-spreading recharge
sites near the proposed well fields. During the spring of
1989 and 1990, the Bureau of Reclamation successfully
recharged 2,400 acre-feet and 850 acre-feet of water,
respectively by surface spreading to the Oakes aquifer at
selected sites in the 5,000-acre test plot.

In December 1989, the North Dakota State Water
Commission entered into a cooperative agreement with the U.S.
Bureau of Reclamation (agreement #0-FC-60-01480) to develop
an interim ground-water supply from the Oakes aquifer for the
purpose of irrigation in the 5,000-acre test plot. Field

work was initiated in October, 1989 and completed in March

1990.



PURPOSE AND SCOPE
The purpose of this investigation is to develop an
interim ground-water supply from the Oakes aquifer to
irrigate selected tracts of land in the 5,000-acre test plot.
Specific objectives of this investigation are:

1) Assemble and evaluate existing data on the Oakes
aquifer in the 5,000-acre test plot for locating
wells and well fields.

2) Initiate a test drilling and aquifer testing
program in areas most feasible for locating well
fields.

3) Design well fields.

4) Prepare specifications for a well-installation
contract (under separate cover).

LOCATION-NUMBERING SYSTEM

The location-numbering system used in this report is
based on the public land classification system used by the
U.S. Bureau of Land Management. The system is illustrated in
figure 1. The first number denotes the township north of a
base line, the second number denotes the range west of the
fifth principal meridian, and the third number denotes the
section in which the well or test hole 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
section (l0-acre tract). For example, well 130-059-15DAA is
located in the NE1/4 NE1/4 SE1/4 Section 15, Township 130

North, Range 59 West. Consecutive terminal numerals are
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Figure 1.-- Location-numbering system



added if more than one well or test hole is located within a

10-acre tract.

FIELD AND LABORATORY METHODS

Test-drilling data used in this report were provided by
the North Dakota State Water Commission, the U.S. Bureau of
Reclamation, and a commercial well-drilling firm. The North
Dakota State Water Commission and the commercial well
drilling firm used a forward mud rotary rig to drill test
holes and production wells. The U.S. Bureau of Reclamation
used a truck-mounted, solid-stem spiral power auger to drill
test holes.

The North Dakota State Water Commission constructed
observation wells at selected sites to monitor water levels
and to determine water quality. The observation wells were
constructed using 20-foot lengths of 1.5-inch diameter
polyvinyl-chloride (PVC) plastic casing. Each well was
completed using a 5-foot length of 0.018 slot, PVC screen. A
check valve was attached to the bottom of each screen. The
plastic casing, well screen, and check valve were assembled
prior to insertion into the drill hole. After insertion, the
hole was backwashed through the screen to clean the
formation. After backwashing, the hole was blown with
compressed air to collapse the formation around the screen.
The remaining annular space was sealed with a mixture of

drill cuttings and bentonite grout.



Geologic logs of all test holes completed by the North
Dakota State-Water Commission are prepared by a site
geologist. The geologist reports 1) texture (grain size), 2)
sorting, 3) roundness, 4) mineralogy, 5) color, 6)
cohesiveness, and 7) drilling characteristics (bit chatter,
relative rate of bit penetration, drill fluid loss).

Textural classification is based on the Wentworth (1922)
scale.

Geologic logs of all test holes completed by the U.S.
Bureau of Reclamation also are prepared by a site geologist.
The geologist reports the same basic information as described
above. Textural classification is based on the U.S.
Department of Agriculture system (1947).

All observation wells were developed using an air-lift
pump. Development pumping time ranged from 3 to 6 hours.
After development, the observation wells were sampled using a
PVC point-source bailer that was inserted to the bottom of
the well. Specific conductance, pH, and temperature were
measured at land surface for all water samples collected.

Four samples were collected from each well: 1) a 500-mL
raw sample, 2) a 500-mL filtered sample, 3) a 500-mL filtered
sample that was acidified with 2-mL nitric acid, and 4) a
500-mL filtered sample that was acidified with 2-mL nitric
acid and placed in an acid rinsed bottle. A 0.45-micron
filter was used to remove suspended matter. Concentrations
of bicarbonate, carbonate, and laboratory determinations of

PH and specific conductance were measured on the 500-mL raw



sample. Concentrations of sulfate, chloride, fluoride,
boron, nitrate, silica, and total dissolved solids were
determined on the 500-mL filtered sample. Concentrations of
calcium, magnesium, sodium, potassium, iron, and manganese
were determined on the filtered and acidified 500-mL sample.
Trace element concentrations (selenium, arsenic, lead,
lithium, mercury, molybdenum, and strontium) were determined
on the filtered and acidified 500-mL sample placed in acid-
rinsed bottles.

Concentrations of the major cations were determined
using a Perkin-Elmer Model 4000 atomic absorption
spectrophotometer. Concentrations of bicarbonate, carbonate,
and chloride were determined using a Fisher Model 741
titralyzer; and the concentration of sulfate was determined
by gravimetric methods. The North Dakota State Water
Commission laboratory participates in quality-assurance
programs with the U.S. Geological Survey.

Gradation analyses were performed on selected saturated
zone samples using a Bureau of Reclamation procedure (USBR,
1986). Sieve sizes used for gradation analysis are shown in

Table 1.



Table 1 -- U.S.A. standard sieves used in
gradation analysis

U.S.A. Standard Screen Diameter,
Sieve No. in millimeters..
1/2 inch 38.1
3/4 inch 19.0
3/8 inch 9.5

¥ 4 4.75
# 6 3.33
# 8 2.38
# 10 1.65
# 14 1,17
$ 20 0.84
$ 28 0.58
# 35 0.41
# 50 0.295
# 65 0.20
#100 0.15
#200 0.075



DESCRIPTION OF THE STUDY AREA
Physiography and Climate

The study area is located in the Central Lowland
Physiographic Province in southeastern North Dakota (fig. 2).
The study area occupies a flat lake plain. Relief generally
is less than 10 feet per mile. Locally, the topography is
hummocky because of scattered sand dunes and blowouts.

Runoff from the lake plain is minor as indicated by the lack
of surface drainage.

Climate of the study area is semiarid to subhumid. Mean
annual precipitation at Oakes from 1931 through 1974 is 19.21
inches. About 70 percent of the precipitation generally
falls from April through August. Mean annual temperature at
Oakes from 1951 through 1980 is 40.9°F.

Geology

In descending order throughout most of the study area,
the stratigraphic section consists of sand or sand and
gravel, silt and clay, till, and bedrock shale (fig. 3). The
Oakes aquifer consists predominantly of sand or sand and
gravel deposits of the Pleistocene Coleharbor Group (Bluemle,
1979).

Near Oakes, stratified sand and gravel deposits form a
deltaic complex up to about 80 feet thick (fig. 4). The
deltaic deposits grade into lacustrine sand south of Oakes.
Medium sand predominates in the central part of the lake

plain. South of Ludden, the medium sand grades into fine to
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very fine silty sand, clayey silt, and silty clay. Average
thickness of the lacustrine deposits is about 35 feet.
Channel-fill deposits consisting of stratified very fine
sand to coarse cobbly gravel up to 197 feet thick occur in an
outwash channel along the eastern margin of the lake plain
(fig. 4). A surface to near-surface fluvial silt and clay
deposit overlies the northern and central parts of the
outwash channel (fig. 5). The deltaic, lacustrine, and
channel-fill deposits which comprise the Oakes aquifer are
composed of quartz, shale, carbonates, Canadian Shield

silicates and lignite fragments.

GROUND-WATER HYDROLOGY OF THE OAKES AQUIFER
Qccurrence and Movement of Ground Water

For the most part, the Oakes aquifer is unconfined.
Water occurs under leaky confined conditions where fluvial
silt and clay sequences overlie the lacustrine and channel-
fill deposits (fig. 5).

In general, regional ground-water flow in the Oakes
aquifer is from east to west toward the James River valley
(fig. 6).  Recent James River valley flood-plain deposits
that consist of sandy silty clay truncate the western flank
of the Oakes aquifer. As a result, ground-water flow from

the Oakes aquifer westward to the James River is negligible.
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Ground-Water Recharge and Discharge

Depth to the water table -in the Oakes aquifer generally
is less than 8 feet below land surface. Scattered sand dunes
and blowouts cause a hummocky land-surface topography.
Therefore, the Oakes aquifer consists of numerous localized
flow systems. Within each local flow system, recharge is
from direct infiltration of precipitation and local runoff
that primarily occurs during the spring. Discharge primarily
is from evapotranspiration that occurs during the summer.
Estimating recharge and natural discharge in the Oakes
aquifer is virtually impossible because of the inability to
describe spatial variation in precipitation, land-surface
topography, soil physical properties, and the
evapotranspiration process.

Aquifer T {ssivit ] Well Yield

There are two large~transmissivity areas of the Oakes
aquifer thaf can accommodate individual well yields of grater
than 500 gallons per minute (Shaver and Schuh, 1990). These
areas are 1) the northern part of the study area near Oakes
(deltaic sand and gravel deposits); and 2) the eastern flank
of the lake plain (channel-fill sand and gravel deposits)
(fig. 7). As compared to the deltaic deposits, the channel-
fill deposits have the largest transmissivity at 94,000 feet
squared per day and will provide well yields of up to about

3,000 gallons per minute.
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Surface Infiltration Rateg

Surface and shallow pit infiltration tests conducted at
5 sites overlying the Oakes aquifer indicate initial
infiltration rates ranging from 2.5 to 67 feet per day
(Shaver and Schuh, 1990). The locations of the infiltration-
test sites are shown in figure 5. Buried A soil horizons
that contain up to about 14 percent clay and surficial
fluvial silt and clay sequences (fig. 5) overlie parts of the
lacustrine and outwash channel deposits. In these areas,
surface infiltration rates are estimated to be significantly
less than one foot per day.

Hater Ouality

Water quality in the Oakes aquifer is variable.
Dissolved-solids concentrations range from less than 300 to
more than 20,000 mg/L (fig. 8). Ground water with small
(less than 650 mg/L) dissolved-solids concentrations is a
calcium-magnesium bicarbonate type (fig. 9). The small
dissolved solids calcium-magnesium bicarbonate type
predominates in the Oakes aquifer and poses no limitations
for irrigation use. Ground water with dissolved-solids
concentrations greater than 2,000 mg/L is a sodium-magnesium
sulfate or magnesium-sulfate type and occurs beneath closed
land-surface depressions that represent net discharge areas.
In these limited areas, ground water poses salinity, sodium,

or boron hazards for irrigation use.
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Figure 9.-- Hydrochemical facies of ground water in the
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EVALUATION AND SELECTION OF WELL FIELD SITES
Preliminary selection of well field sites in the 5,000-
acre test plot primarily was based upon data from the aquifer
thickness map (fig. 10) and well yield map (fig. 7) of the
Oakes aquifer. Requirements for selecting a well field site
included:
1) The site should be within one mile of the
distribution canal (lateral 0-2.0) shown in figure
10 to minimize ground-water conveyance facilities

and reduce costs.

2) Saturated thickness of the Oakes aquifer should be
at least 20 feet.

3) Estimated individual well yields should be greater
than 75 gallons per minute.

Based on the above criteria, Sections 3, 4, and 16, all in
Township 130 North, Range 59 West were selected as potential
areas to locate well fields. These areas were targeted for
additional test drilling, aquifer testing, and water sampling
programs.

Eighty-five test holes were drilled in Section 4,
Township 130 North, Range 59 West (fig. 11). Geologic logs
of the test holes are found in Appendix I. Twenty-one
observation wells (5 at aquifer test site 38+27) were
completed at selected test drilling sites. Water samples
were collected from 16 observation wells for chemical
analysis (Table 2). At 46 drilling sites, saturated zone
samples were collected and sent to the U.S. Bureau of

Reclamation Laboratory in Harvey, North Dakota, for gradation
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TOWNSHIP 130 NORTH, RANGE 59 WEST, SECTION 4
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Figure 11.-- Location of test-drilling sites in Section 4,

Township 130 North, Range 59 West
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Table 2.-- Water chemistry analyses from 16 observation wells

completed in Section 4, Township 130 North, Range

59 West
SCREENED R ettt e ST {MILLIGRAMS PER LITER)
INTERVAL DATE

LOCATION (FT) SAMPLED Sloz FE MN CA MG NA 1 4 HCOy Coy S04 ctL F
130-059-06AAA] 35-40 12-05-89 29 7.3 1.7 390 130 120 16 572 L] 1300 40 0.1
130-059-04AAA3 43-48 12-05-89 29 4.8 1.7 348 100 180 17 616 0 1000 37 0.3
130-059-04AADS  60-45 12-05-89 29 2.0 0,56 "% 564 200 12 584 (] 340 o7 0.3
130-059-06AAD6 38-43 12-08-89 28 0,66 0.39 77 59 250 12 597 ] 350 9 0.4
130-059-04ABC2 33-38 12-04-89 31 1.8 0.36 100 33 54 é 662 ] 130 18 0.2
130-059-04ABD1  44-49 12-06-8% 35 2.0 0.25% 18 37 a7 7 470 0 140 16 0.2
130-059-04ABDS 42-47 12-04-8% 29 2.4 0.32 100 46 150 9 585 0 310 20 9.3
130-059-06AACY 38-43 12-04-89 29 2.4 0.43 120 44 120 8 556 [ ] 270 17 0.2
130-059-04AACS  46-51 12-85-89 28 2.4 e.67 120 [} 160 9 600 ] 380 34 6.2
130-059-04BAAG  38-63 12-05-89 32 1.2 0.35 56 38 110 8 42 (] 159 15 0.2
130-059-06BAA]  38-43 12-05-89 32 1.7 0.33 (1} 33 9 8 437 [ ] 150 15 0.2
130-959-064BAA2  20-25 12-05-89 32 2.0 0.32 52 35 110 8 48 0 170 13 0.3
130-059-04BAD2 351-34 12-05-89 32 2.6 0.53 110 53 200 ] 400 L] 580 18 8.2
136-059-04BDA3  32-37 12-12-89 29 1.6 9.65 " 3 55 1 644 [} 110 12 0.2
130-059-04BDA1  35-40 12-12~89 29 1.8 0.49% 92 29 (3] [ 430 ¢ 130 11 0.2
130-059-06BDD3  30-35 12-12-89 30 0.17 0.63 100 32 (13 7 434 (] 130 l0 0.2
-------------------------- Micrograms Per Liter

Selenium Lead Mexcury Strontium Arsenic
130-059-04 AAAL 0 0 0 1,700 16
130-059~04 ARA3 0 0 0 1,500 16
130-059-04 AAD4 1 1 0 610 1
130-059~04 AAD6 1 1 0 510 2
130-059-04 ABC2 0 1 0.1 480 3
130-059-04 ABD1 0 1 0 430 5
130-059-04 ABD3 0 1 0 560 1
130-059-04 AACl 0 1 0 560 4
130-059-04 AAC3 0 1 0 580 1
130-059~04 BAA4 0 0 0 380 7
130-059-04 BAAl 0 0 0 380 7
130-059-04 BAR2 0 0 0 330 6
130-059-04 BAD2 0 0 0 520 3
130-059-04 BDA3 0 0 0 430 12
130-059-04 BDAl 0 0 1] 440 12
130-059-04 BDD3 0 0 0 460 7

-------------------------------------------- > Spec
Hardness as % Cond Yemp
NOy ] TDS  CeCOy NCH  Ns  SAR  (umho) (°¢)
1 0.6 2320 1500 1000 15 1.3 2800 7.7
1 0.15 2010 1300 760 23 2.2 2580 7.8
1 0.22 1090 460 ¢ a8 6.1 1624 7.8
1 0.6l 1170 430 o S5 5.3 1784 8.3
1 0.13 804 390 7 23 1.2 952 8.9
1 0.18 631 350 0 35 2.0 982 8.8
1 e.18 956 440 &2 3.1 1446 8.6
1 0.16 (1.1 480 25 35 2.4 1306 8.0
1 0.2 1070 550 59 38 3.0 1566 7.6
1 0.16 440 300 0 46 2.8 s 8.8
1 0.1% 613 310 o 38 2.2 999 7.7
1 0.13 €30 270 o 46 2.9 971 7.6
1 8.2 1200 490 160 46 3.9 1690 1.7
1 0.08 555 350 o 25 1.3 872 7.7
1 o0.08 572 350 0 27 1.4 889 7.7
1 0.97 s71 380 26 20 1.0 878 8.2
Lithium Molybdenum
160 2
180 2
140 7
140 7
50 -]
80 6
140 5
110 4
140 4
920 5
70 5
80 5
20 4
50 4
50 4
40 5

- R N O N

@ o~

PO ®
o we ~o

NGO NN



analysis. Graphs for each sample gradation analysis, showing
percent passing versus grain-size diameter are found in -

Appendix II.

Saturated Thickness

The saturated thickness of the Oakes aquifer in Section
4 ranges from 5 to 44 feet (fig. 12). The largest saturated
thickness occurs along the center and SE1/4 of the NE1/4 of
Section 4. To the south in Section 4, the Oakes aquifer is
thinner and is finer textured.

In the N1/2 N1/2 of Section 4, the Oakes aquifer also is
thinner because the aquifer is overlain by a fluvial silt and
clay layer up to 30 feet thick. 1In this area the Oakes
aquifer is confined. The confining silt and clay layer is
the northwest part of the surface to near surface fluvial

silt and clay deposits shown in figure 5.

Water Quality

Based on texture and saturated thickness, the best
potential for a well field is along an east-west line in the
center of the NE1/4 of Section 4 (line 4A3, fig. 11). This
line of test holes, however, is close to the southern flank
of a subtle land-surface topographic low area underlain with
ground-water characterized by large dissolved-solids
concentrations. (fig. 13). Field electrical conductivity,
which is directly proportional to dissolved-solids

concentration, was measured at 43 test hole and observation
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TOWNSHIP 130 NORTH, RANGE 59 WEST, SECTION 4
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Figure 12.-- Saturated thickness of the Oakes aquifer in

Section 4, Township 130 North, Range 59 West
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well sites (fig. 14). Temporary observation wells were
installed at U.S. Bureau of Reclamation test-hole sites to
measure electrical conductivity. The large electrical-
conductivity values are associated with the southern flank of
the land-surface topographic low area.

Chemical analyses were performed on samples collected
from the 16 observation wells shown in figure 14. The ground
water is a mixed cation type with anionic composition ranging
between a bicarbonate and sulfate type (fig. 15). 1In
general, absolute and relative sulfate concentration increase
with increased dissolved solids.

Sodium adsorption ratio and field conductance measured
from samples collected from the above 16 observation wells
were plotted on a U.S. Department of Agriculture irrigation
classification diagram (fig. 16, U.S. Department of
Agriculture, 1954). The ground water poses a low sodium
hazard and a high to very high salinity hazard. The soils to
be irrigated in the 5,000-acre test plot consist
predominantly of Hecla, Ulen, and Arveson soil series. These
are well-drained, light-textured soils. With proper
management practices, application of ground water with
dissolved-solids concentrations of less than 2,000 mg/L
should not pose a salinity problem in these soils. To avoid
capturing significant quantities of relatively high salinity,
(>2,000 mg/L dissolved solids) ground water located in the

N1/2 NE1/4 of Section 4, the well field should be located
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Figure 14.-- Distribution of ground-water electrical
conductivity in the NE1/4 of Section 4,
Township 130 North, Range 59 West
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Figure 15.-- Hydrochemical facies of ground water in the
NE1/4 of Section 4, Township 130 North, Range
59 West
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Figure 16.-- Salinity and sodium hazard for ground water in
the NE1/4 of Section 4, Township 130 North,
Range 59 West
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further south along lines 4A2, 4Bl and the north part of line
4C (fig. 11). -
Hydraulic Properties - Aquifer Test Site 38+27

Based on test drilling data along lines 4C and 4B1l, an
aquifer test site was selected at 38+00 (fig. 11), west of
the distribution canal (lateral 0-2.0). The Bureau of
Reclamation was unable to obtain an easement at this site and
as a result the test site was moved about 150 feet to the
east on the east side of the distribution canal (fig. 11,
line 4A4, site #38+27). The locations of the production well
and observation wells are shown in figure 17. A
geohydrologic section showing the production well and the
five closest observation wells is shown in figure 18. At
this test site, the Oakes aquifer is unconfined with an
average saturated thickness of about 28 feet. The aquifer is
comprised of sand and gravel underlain by greenish-gray silty
clay.

Nine feet of 8-inch diameter, pipe size, stainless
steel, High Q, Johnson screen was installed in the production
well from 30.5 to 39.5 feet below land surface. Number 45
slot (0.045 inch) was set from 30.5 to 35.5 feet and number
25 slot (0.025 inch) was set from 35.5 to 39.5 feet. The
well casing was 8-inch diameter PVC.

The production well was pumped continuously at a fairly
constant rate of 300 gallons per minute for 3,000 minutes (50
hours) from 9:00 a.m. December 5 to 11:00 a.m. December 7,

1989. Production-well discharge was measured continuously
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