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GEOHYDROLOGY OF THE WASHBURN-WILTON AREA
BURLEIGH, McLEAN, AND OLIVER COUNTIES, NORTH DAKOTA

SWC Project Nos. 812 and 1596

By
Charles E. Naplin, Ground-Water Geologist

INTRODUCT I ON

PURPOSE AND SCOPE

In the spring of 1973 the Washburn and Wilton City Councils passed
resolutions requesting that the North Dakota State Water Commission
conduct ground-water investigations for their respective cities. Requests
for the studies were approved for Wilton on March 30, 1973 and for
Washburn on September 5, 1973. The investigation consisted of data
collected in two phases. Initial field work was conducted for Wilton
during March and April, 1973 and additonal work was completed for Washburn
in October and November, 1973.

A geohydrologic investigation of the area was accomplished by test
drilling, installing observation wells, collecting water samples for
chemical analysis, measuring water levels, and inventorying selected
private wells. The basic data and informatioﬁ from additional sources

was compiled and evaluated during December 1973 and January 1974.

ACKNOWLEDGEMENT
The test drilling was accomplished by Lewis Knutson using the
state-owned hydraulic rotary drilling machine. All field work was under
direct supervision of the author. Chemical analyses were performed by
Garvin Muri, State Water Commission chemist, at the North Dakota State

Laboratories Department in Bismarck. Special acknowledgement is extended



to Mayors James Stroup, Washburn, and Paul Bartholomew, Wilton, for

their cooperation and assistance during this investigation.

LOCATION AND GENERAL FEATURES

The study area is located in portions of northwestern Burleigh,
southern MclLean, and northeastern Oliver Counties and is within the
Coteau Slope division of the Missouri plateau physiographic province of
North Dakota (fig. 1). Geohydrologic data collected during this study
and interpolated from previous investigations describe a 178 square mile
area that includes all or portions of Townships 142, 143, and 144 North,
Range 79, 80, 81, and 82 West (pl. 1).

Climatological data, based on a 32-year period of record at the
National Weather Service station located 25 miles south of Wilton at
Bismarck, shows the average annual temperature to be 42.2°F. Average
annual precipitation for the same period of record was 15.15 inches
(National Weather Service, 1971).

The Washburn-Wilton area is characterized by well-drained hilly
topography. The major drainages in the study area are Turtle, Painted
Woods, and Yanktonai Creeks. All of these flow into the Missouri River.
Surface elevations range from less than 1,650 feet near the Missouri
River to 2,230 feet southwest of Wilton.

Washburn (1970 population 804) and Wilton (1970 population 695) are
agricultural communities. U.S. Highway 83, State Highway 200-A, and a
branch line of the Soo Line Railroad serve the city of Washburn. Wilton
is served by U.S. Highway 83, State Highway 36, and branch lines of the

Soo Line and Burlington Northern railroads.
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PREVIOUS INVESTIGATIONS

The geology and ground-water resources of Burleigh, MclLean, and
0liver Counties were described in general terms by Simpson (1929). His
report lists an inventory of typical private and municipal wells and a
few chemical analyses. Simpson concentrated on describing the bedrock
geology of the Fort Union Group and discusses several springs that issue
from lignite beds exposed along the Missouri Valley.

A more detailed ground-water study of the Wilton area was also
conducted for the city by Simpson in 1929 (written communication, 1929) .
He discussed several wells which tap bedrock aquifers from depths of 40
to 60 feet and from depths of 150 to 200 feet. The best quality water
found was assoicated with beds of lignite and sandstone which occur
above a depth of 200 feet. At that time Wilton was using five wells
located within the city limits and completed in a 25 to 30 foot bed of
sandstone. These wells ranged from 170 to 175 feet in depth and were
completed with é-inch diameter open-end casing. Water levels in the
vcity wells were more than 120-feet below the land surface and cylinder-
type pumps were required to 1ift water to the surface. Simpson reported
well yields of 3 to 33 gpm (gallons per minute) ﬁer well but the wells
had a tendency to pump sand and muddy water. They were not screened or
perforated.

Ground-water surveys of Burleigh, McLean, and Oliver Counties have
been éonducted on a cooperative basis with the North Dakota State Water
Commission, U.S. Geological Survey, and the North Dakota Geological

Survey. These reports consist of three parts each. Part 1, Geology is

a description of the bedrock and glacial geology. Part 2, Basic Data is

a tabulation of test hole and well logs, an inventory of wells, water-



level measurements, and chemical analyses. Part 3, Ground-Water Resources

is an evaluation of the water-yielding potential and chemical quality of
major aquifers in the bedrock and glacial drift. These publications
provide general analysis of the county ground-water resources and contain
much useful information which is beneficial to domestic, agricultural,

municipal, and industrial water users.

PRESENT WATER SUPPLIES
City of Washburn
The City of Washburn obtains its water supply from the Missouri
River. Water is treated and chlorinated at the pumping plant located
adjacent to the river on the west side of town. Washburn uses between
22.5 and 24.5 million gallons of water per year (Klausing, 1974).
Municipal pumping facilities are adequate at the present (1974)
time but future population growth may require expansion of the existing
plant. |t has been reported that traces of sediment appear in the city
water during the spring when the Missouri is at a high level, indicating
that the municipal treatment facilities are not adequate. The North
Dakota State Health Department now requires that municipalities using
river water as a source of public supply employ adequate sedimentation
and filtration facilities. Therefore, the city of Washburn may find it
necessary to modernize their treatment plant or develop an alternate
source of water supply.
City of Wilton
Wilton obtains its water supply (1974) from three wells located
about one-half mile east of town. These wells are completed in a silty,

fine-grained sandstone bed of the Sentinel Butte Formation (Fort Union



Group) and have a combined yield of 37 gpm. It is estimated that the
city currently uses about 12.1 million gallons of water per year (Klausing,
1974) .

The city's original water supply was provided by several wells
located on the south side of town. These wells were completed in a
sandstone bed of the upper Tongue River Formation at depths ranging from
170 to 175 feet. Because of diminished well yields and poor water
quality the old well field was abandoned in the early 1950's. In 1953,
three wells were drilled east of town and in 1959 two additional wells
were added to the existing well field. However, well construction
problems caused the latter two wells to pump an excessive amount of sand
and they were abandoned. Low well yields and an increasing demand for
water have made it necessary for the city to seek assistance in developing

an additional source of ground-water supply.

WELL-NUMBERING SYSTEM

The wells and test holes listed in Table 3 are numbered according
to a system based on the location in the public land classification of
the United States Bureau of Land Management (fig. 2). The first numeral
denotes the township north of a base line, the second numeral denotes
the range west of the fifth principal meridian, and the third numeral
denotes the section in which the well 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 (10-acre tract). For example, well 144-81-15DAA is in
the NELINELSEL Section 15, Township 144 North, Range 81 West. Consecutive
terminal numerals are added if more than one well is located in a 10-

acre tract.
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DEFINITION OF TERMS

Aquifer -- a permeable deposit that contains sufficient saturated material
that will yield significant quantities of water to wells.

Artesian Aquifer -- an aquifer in which water is under sufficient pressure
to rise above the top of the aquifer.

Bedrock -- semiconsolidated rock underlying glacial and alluvial deposits
of pleistoncene and/or Holocene age.

Discharge -- the removal or loss of water from an aquifer or the flow
of water into a stream.

Evapotranspiration -- the process by which water is returned to the
atmosphere through direct evaporation from water or land surfaces
and by transpiration of vegetation.

Flowing well -- a well in an artesian aquifer having sufficient head to
discharge water at land surface.

Glaciofluvial deposits -- sediments deposited by streams flowing from a

glacier.
Ground water -- water in the zone saturation.
Ground-water movement -- the movement of ground water in the zone of

saturation.

Hydraulic gradient -- siope of water table or potentiometric surface in
either feet per foot or in feet per mile.

Infiltration -- the movement of water from the surface towards the zone
of saturation.

Lacustrine deposits -- sediments formed in a lake environment.

Observation well ~- a well from which hydrologic data are measured and
recorded.



Permeable rock -- a rock that has a texture permitting water to move
through it under ordinary pressure differential.

Potentiometric surface -- the imaginary horizon formed by the head in a
artesian aquifer.

Recharge -- the addition of water to the zone of saturation.

Storage -- the quantity of water contained in openings in the zone of
saturation.

Under flow -- the downstream movement of ground water through the
permeable deposits beneath a stream.

Water table -- the upper surface of the zone of saturation where the
hydrost atic pressure is equal to atmospheric pressure. The
configuration of the water table commonly is a subdued expression
of the land surface.

Zone of saturation -- the zone below the water table.

WATER QUALITY

All natural water occuring on the earth's surface or underground
contains dissolved minerals. As it falls to the earth's surface, precipitation
begins to dissolve mineral matter. As it infiltrates, this water continues
to dissolve minerals. Dissolved minerals in ground water vary in type
and concentration depending upon the composition and solubility of rocks
encountered, the length of time the water is in contact with the rocks,
and the amount of carbon dioxide and soil acids in the water. Water
which has been underground for a long time, or which has travelled a
long distance from the recharge area, usually contains more dissolved
mineral matter than water which has been underground for a short time or

is withdrawn close to a recharge area.



Dissolved mineral constituents are reported in milligrams per liter
(mg/1). A milligram per liter is one thousandth (0.001) of a gram of
dissolved material per liter of solution. Hardness is usually reported
in milligrams per liter, but may be converted to grains per U. S. gallon
(gr/gal) by dividing milligrams per liter by 17.12.

Table 1 lists the various constituents of water for a domestic or
municipal water supply in North Dakota. Results of chemical analyses

for wells in the study area are listed in Table 2.

BASIC HYDROLOGIC CONCEPTS

All ground water of economic importance is derived from precipitation.
After the precipitation falls to the earth's surface, part is returned
to the atmosphere by evaporation, some runs into streams, and the remainder
percolates into the ground. Much of the water which sinks into the
ground is held temporarily in the soil and then is returned to the
atmosphere by evapotranspiration. The remainder percolates downward to
the zone of saturation to ground water.

Ground water moves under the influence of gravity from areas of
recharge to areas of discharge. The movement of ground water is generally
very slow being only a few feet per year. The rate of movement is
governed by the permeability of the deposits through which the water
moves and by the hydraulic gradient. Gravel and well-sorted, medium to
coarse sand are usually very permeable. Fine-grained materials such as
silt, clay and shale have low permeabilities and act as confining barriers
restricting the free movement of ground water into or out of more permeable

rocks.

-10-
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! Table 1 -- Dissolved chemical constituents in water -- thelir effects

upon usability and recommended concentration iimits for
domestic and municipal water supplies in North Dakota.

Constituent Suggested limits U.S. Public Health Constituent Suggested 1imits U.S. Public Health
or Effects of dissolved for drinking wa{er Service recommended or Effects of dissolved for drinking wafer Service recommended
Parameter constituents on water use in North Dakota limits for drinking water2 Parameter constituents on water use in North Dakota limits for drinking water2
Silica No physiological Chioride Over 250 mg/! may impart 250 mg/t
(Siog) significance (cl) a salty taste, greatly
excessive concentrations
iron Concentrations over 0.1 0.3 mg/| may be physiologicaiiy
(Fe) mg/} will cause staln- - harmful., Humans and
ing of fixtures. Over animals may adapt to
0.5 mg/l may impart higher concentratlons.
taste and colors to
food and drink, Flouride Flouride helps prevent Limits of 0.9 ma/!  Recommended limits depend on
(F) tooth decay within spec- to 1.5 mg/| average of dally temperatures.
Manganese Produces black staining 0,05 mg/1 ifiled limits. Higher Limlts range from 0.6 mg/l at
{Mn) when present In amounts concentrations cause 32°Cc, to 1.7 mg/1 at 10°C.
exceeding 0.05 mg/| mottied teeth.
Calcium{Ca) Calcium and magnesium are Nltrate Over 45 mg/l can be 45 mg/|
and the primary causes of (N03) toxic to Infants.
Magnesium hardness. High concentra- Larger Concentrations
(Mg) tions may have a laxative can be tolerated by
effect on persons not- adults. More than 200
accustomed to this mg/1 may have a deleter-
type of water. ious effect on livestock
health
Sodium No physlological sig-
(Na) nificance except for Boron No physiological signi-
people on salt-free diets. (8) ficance, Greater than
poes have an effect on the 2.0 mg/l may be detri-
irrigation usage of water. mental to many plants
Potassium Small amounts of potassium Total Persons may become 0-500 mg/l - low 500 mg/!
(K) are essentlal to plant and dissolved accustomed to water 500-1400 mg/| average
animal nutrition. solids containing 2,000 mg/| 1400-2500. mg/} high
or more dissolved over 2500 mg/| very
Bicarbonate No definlite significance, solids, high
(tHCo3) but high blcarbonate
and content will fmpart a Hardness increases soap consump- 0-200 mg/1 - low
Carbonate flat taste to water, (as tion, but can be removed 200-300 mg/! average
(co3) CaCo3) by a water-softening 300-450 mg/! high
system. over 450 mg/1 very
Sulfate Combines with Calcium to  0-377 mg/) - low 250 mg/| high
(soy) form scale. More than 300-70" mg/1 - high
500 mg/| tastes bitter over-700 mg/! - very pH Should be between 6.0
and may be a laxative high and 9.0 for domestic
consumption
Percent Indicate the sodium
Sodium and hazard of irrigation Specific An electrical Indication
Sodium Ad- water. Conductance of total dissolved solids
sorption measured in micromhos per

Ratio (SAR)

1. Schmid, R. W., 1965, Water Quality Explanation:
Commission, unpublished report, File No. 989.

Centimeter at 25%C. Used
primarily for Irrigation
analyses,

North Dakota State Water

2. U.S. Public Health Service, 1962, Public Health Service Drinking Water Standards:

U.S. Publlc Health Service, Pub. No. 956, 61 p.



TABLE 2--Continved

(Analytical resylts are in miligrams per liter except whers indicated)

&Q%:%‘!'g or Location D:';"' TemplC) -l (Fo) Jimn) fica) [ (gd | (Na) | () J(HCOgtiCOg] (8G,) | (C1) | (F) [(NOgY (B) ach Totol Hardness  fPwomnt | o i n SR pH lé:‘m;éﬁ'm

ERu o) i Solds K Taco, Jlonosr ponductenca] | et e
LOST LAKE AQUIFER

T.H. 3898 143 -81-2BCCy 34 7 1-s-69] 20 |).80 ag] 1o I9 |43 330 45 0.2 367 | 288 7 13 0.6 583 |8.i| 1710
T.H 3897 -2BCC3 | 258| ® [11-8-68{33 jo.i2 43|09 | ¢a3 |es]tino] e 91 0.8 1250 | 144 87 16 2080 |8.3] 1710
TH 8950 -3ADB a3 7 11-2-73] 24 |2.90|0.62] 802 22 |5.4] 380 28 | 84 |O.3]2.0 sa7| 310 i3 0.6 624 |7.7| 1700
T.H. 8939 -38AA | 163] 8 10-20-73| 26 |380/0.32] 86|22 | 160 | 6.3 ] 622 180 | 23 j0.6|1.8]043] 796 | 330 5} 3.8 1240 |7.9] 1703
T.H 8933 -3888 42| 6.5 | 11-0-73{ 28 [890}060! B58/27 | 180 |6.0| 849 170 ] 21 [0.4]1.0 726 | 260 59 4.9 1090 |7.8] 1710
TH 8932 -44A00, | 173 6.8 | 10-26-73| 28 [200{0.14| 47|15 | 200 |6.7| 816 68 | 33 {oslo9joes 706] 180 70 6.5 1120 |[8.0f 1720
TH 8932-A -4ADD, | 263 7 10-20-73| 22 |220{0.16| 34| i3 {300 }86]| 748 |12 ]| 50 [ 80 [1.1]1.9]058] @99 | 140 82 1l 1480 [8.4] 1720
T H 2698 -4BDA 160 7-84-67| 24 | i.10 6i1{23 | 323 |68] 011 tir {69 |11 0.48] 1070 ] 246 73 8.9 1690 |8.0] 1680
L. Ghesworth -4DBC 35| 7-3-68| 10 003 98j28 ] 41 (66| 378 137 | 39 {o2]2s5]0.40] 819] 353 43 20 0.9 789 |7.8] 1700
TH. 8940 -BAAD 40| 7 10-30-73] 19 |290/0.72| 150586 | 360 | 7.4 ] 997 510 | 34 jos|oalo.17/16850] €00 58 6.7 2360 |7.6] 1665
TH 8940 -5ADD, 83] 6 10-31 -73] 24 |6.10{0.36| 75|27 | 340 {78 ]1010 35 140 |0.8}04|1.10]1160] 300 71 8.6 1900 | 7.8] 886
TH  894i-A -5ADD, | 183} 7 10-31-73] 21 |2.70{0.12] 44|22 | 400 | 7.4 | 1060 62 |is0 joe]{1.0]l0s0]11TO] 200 81 t 2 1940 [7.9] 1666
T.H. 8942 -5DDB 8ol 6 1i- 1-73] 26 |9.50{0.18|130{52 | 260 | 8.4 | 1000 270 | 30 Jo.r{o0.3|0.e7]1300] 540 53 5.2 1930 | 7.7| 1660
TH 2694 -isD@s Bif 9 8-24-67| 23 |5.10 s7{sl {236 |6.7| 813 168 | 21 |o2]1.5]140] 971 | 384 59 6.5 1800 (80| lest
TH. 4110 144-80-19ABA | 258 8 8-20-70| 22 | 250[/0.02| 70|30 | 358 |7.3] 873 338 | 20 |oejo3]|ose|i2e0| 297 72 9.0 1910 | 79| 1765 |
NDGS 64 144-81 -25ADA 18] 7.6 | 5-9-68] 34 |074[0.48 TO|{8T | 418 | 13]1010 475 | 34 059 1600 | 408 68 9.0 2280 [8.0] 1715
T.H. 8946 -328CD 50 7 11-2 -731 22 | 240j0.46]/120| 46 | 380 | 6.4 [ 1020 370 | 14 |05]|0.4]0.26[ 1470 490 6l 7.0 2100 | 77| 16860
T.H. 8945 144-82-22AA8, | 183] 6 11-7 -73} 22 | 1.50l0.18] 59| 18 | 530 {7.6[1360 79 {130 [0.7]|1.0|058| 1440 220 83 16 2300 |7.7| t665
| TH. 3729 -23000 | 200 7-8-69| 20 |2.40 18]/39 | 607 | 4.0] 1380 98 |107 |09 |t.0}1.30 1480 81 95 34 2410 |6.1]| 1670
MISSOURI RIVER AQUIFER

Western 4-H 144-82 -16 AD 90 10-29-73| 19 | 43.010.42] 190} 67 | 430 ]| 6.4{1090 750 | 16 |o.s}s.8|009l2070| 750 55 6.8 2810 | 7.5] 18670
TH 8943 -186ADA 30| € |1-5-13] 17 |290/0.68] 37| 33| 550 ]6.4|1000 630 8 [0.4]1.0]065|1880] 380 76 12 2650 | 7.9] 1665
TH 2697 -ITAAD, 41 7-28-67| 19 |2.70 s2| 31| 546 | 6.4] 1010 602 | 6.3 |09 1.5]026]1760{ 259 82 15 2530 | 8.0] 1670
TH 08944 -7TAADz | 40 11-14-73]| 21 {93003 150} 60 | 510 ] 67]I2IO 700} 10 |0.8]10]0.uT|2080 620 64 8.9 2820 [ 76| 1660
TH 8948-A -22AABg| 70| 7 11-7-73|'23 | 9.0 |0.66[ 140] 41 | 220 10| 959 190] 18 |o4] 1LOj008| 904| 520 47 4.2 1450 | 7.3] 1665
TH 2688 -23888 38 7-18-67| 15 |53 96| 27| 94 |8.7| 578 69| 9.3 |or}oe s8s| 352 36 2.2 979 | 7.5| 1665

MINOR DRIFT AQUIFERS

H.Reaner 142-79-328AA 62 T 9-18-63} 7.1 | 9.20 t2e9 | 14 570 toso} 6.0 0.7} 1.5 20041} 1250 786 18 1.7 2422 7.5

M. Triske 142-80 - 4BAA 40| 7.8 | 424-73{ 19 | 004007 167|108 | 64| 6.4] 473 555 | 19 |o2|24 1250| 860 472 14 0.9 1630 | 7.4 2070
TH 3098 143-80- 8AAA 76 §-7-10| 25 | 1.O 194| 49 | 209 | 7.8] 432 787} 7.7 02| 06]|030|1500| 688 334 40 35 1950 | 7.8] 1890
T.H 4106 143-8| -24DDA 38] 7.5 | s-24-70} 20|10 73] 25§ 721 | 6.3 903 1moo{ 6.7 |oaloi|osr2e10| 287 84 I9 3300 | 7.9| 1780
L. Jennings 144-80-288CB, | 47| 7.5 | 6-26-68| 24 91|26} 331 | 11| TB9 361 | 37 |0.2|230{054|1260| 336 67 7.8 1910 | 7.8} 1780
SURFACE WATER

Lignite Sowrce 142-79- 6 AAA 11| 42473} 14 |.od o.u[asa 183 saj14f 271 1480 | 11 1.0} 056/ 2350 | 1670 1450 7 0.6 2560 | 7.3] 2110
(City of Weehburn) 44-82-14CDD 8 10-29-73} 7.1 o_u[o.on] si|23| s58|36] 108 1801 t2 |1o]t.0o}0I3] 430] 220 66 36 17 67l | 8.0 1660




TABLE R--CHEMICAL ANALYSES

(Anctytical results are ln miligrams per iiter except where indicated)
AQUIFERS Depth Hat.of ) ; f Totol | Tosst Hardness  [Percent Specitic e 0
g::n:mb:" Location wﬁ' Tempt*C) Collection SiOoN (Fe) |(Mn) J(Ca) | (M) ] (Na) ] (K} R{HCO3)](CO3) (504} (C1) J(F) HNO.R (B) P Sodium SAR b pH ‘g'y.::.::.
(feet) Iu CaCOy P‘wr.u ......‘._q
SENTINEL BUTTE FORMATION
T H. 86l 142-80- 2 DDD, 82 8 5-3-73 |22 |I1.50 20021594 36 |6.9 | 561 453 | 29 0.2 ]1.0 |039]i170 923 463 8 0.5 16850 7.9 2118
City of Witon 2 | 143-80-38 DAA| 100 8 4-24-73 ] 1) |oosjoea]i126] 47 | 3.7 [4.4 ] 426 181 2.9 |o.1 Jio |Joo®]| 598 609 160 2 0.1 879 (7.4 2168
City of Wiiton l -35 DAD 2 7 4-23-68 | 18 |03 109] 27 | 41 (3.7 | 428 46 | 0.6 (0.1 401 388 34 2 0.1 758 7.7} 2160
Chy of Wilton | -36 DAD 92 ] 4-23-73 1] 16 |1.00j060]104] 38 | 4.4 |36 | 432 (1] 1& jo.l JL.O 464 415 6i 2 0.1 708 7.8 | 2160
E White -36BCC | HO s T-2-68 | 0.7} s8] I8 1.2 |3.2 ] 241 10| 2.4 8.4 206 203 6 | 0 393 8.1 2160
Clity of wmm”a -36C8B | 102 75 4-23-68193 0.8 76117 .8 j3.7iam 41 3.0 [O. 0.10 29| 28] 39 [ o 488 7.9 | 2180
City of Willon 3 -36CB8 | 102 T 4-24-73] 7.9 |008]0.24] 82| 27 1.4 {3.6 | 300 70 6.8 1.0 385 318 62 [ o 665 7.6 1 2180
UPPER TONGUE RIVER FORMATION
T H. 8617 142-80-1 CBB | 144 7 4-24-73] 9.1 |036|014]104] 86 ] 114 |7.7 | 624 243 ] 3.8 |0.1 | 1.0 |034] B67 492 33 2.2 1280 7.2 2120
M. Backman -2 CCC[255 | 8 424-73 | 13 |1i0]020]164]| 99| 73 |91 | 78I 290 | 3.4 |0t |]1.O0 jO2I | 1050 8ié I75 16 1. 1510 |69 2160
P Garowskl -12 BBC | 140 7 4-24-731 8.6 {1.30]0.14] 63| 37 | 143 |12 | 609 ii6 2.6 |0.1 {46]0.21| 655 310 49 3.5 1050 7.3 | 2HS
M. Backman 143-79-30 CCA 80 7 4-24-73 | 8.4{036]0.40{233({116 | 115 12 "v 702 | 5.2 46 {026 1620 1060 472 19 1.5 2010 7.2 | 2080
A. Gregoryk 143-80-21 CCC | 120 7.5 4-24-73] 1) [2.00]028)i58] 88 [ 108 7.9 | 745 342 6.2 {01 |1.0 |0.21] 1080 744 133 23 .7 1580 7.0 2035
A Duma -32 ADA 80 8 4-24-73 1 8.3 10.32|002| 53| 27 [ 209 [6.4 | 646 265 | 4.4 |0.1 | 4.4]064] 804 243 64 5.8 1270 7.4 2030
T.H. 8600 -33ADD| 169 | 105 4-3-73]971004|/022] 42| 20 |388 |97 {623 |24 ]502 | 6.9 0.2 ]1.0]064]|i320 168 8t [ 1930 85 | 2045
LOWER TONGUE RIVER FORMATION
M. Backman 143-79-30 265 8 4-24-73| 10]087/002]4.8] 191465 (2.4 ] 848 5| 344 6.8 |0.6 | 0.7]069] 1290 20 98 45 1940 83 2080
6. Cleveland 143-80-17 DDD | 220 85 7-1 -6819.8[240 541 35]454 (2.4 952 71 180 7 07 0.47| 1140 28 97 37 1780 8.3 1980
H. Stewoart -34 ADD| 210 | 10.5 7-2 -68 | 4.4 | 0.24 6.0 |21]3668 |26 | Te47 {15 ] 185 i.6 108 0.34| 936 21 97 35 1460 [8.3 | 2190
N. Dumo -34cCcB| 300 85 4-25-73| 13]|0.14}0.05|3.8| 06 |437 |18 | 984 |10 ] 126 | 3} |06 ]2.0|0.56]|1080 12 98 (1] 1680 |8.4 | 2iI00
CANNONBALL FORMATION
B. Hali I 144-80-22 ADD| 220 | 10 | 6-27-68 I 22 Io,za[ lqv.s l l.slboa la.z |u4o [ 18 I 10 ]nn ]o.s I 1.0 ‘2.!0] 1210 I 20 98 49 2030 [e.s ] 1860
HELL CREEK FORMATION
T. Krush- 142-80- ‘BDB 570 9 4-24-73 | 14 l,5OT0.0I 5.4]06}568 35 11310 27 }i134 |O.7] 10§ 1.0]1470 1] 28 62 2250 8. 2140
P Patrick 143-80-16 ¢cB,| 530 {12.5 | 7-1 -68 } 8.6 0.38‘ 461161598 (23 }1iT0 42248 (06 2.7 1420 8 98 61 2370 |e.i 1980
L. Frankiand 143-8) -24 CDA| 350 |10.5 | 7-3-68 | 6.1 0.00J 48 | 1.9} 635 [2.4|i220 35 (277 |0.T110]2.0}1i540 20 96 62 2480 |8.2 | 1820
- -
FOX HILLS FORMATION
TH. 1984 142-8] -4 ABC| 435 8-62 |2 jOIS l4.9 221761 2.1 jl1i40 1.8]6i7 |2.3]0.3]2.7|1870 219 99 72 3180 8.1 | 1666
T.H. 8810 143-80-32 CCC| 600 10 4-10-73] 8.6 032 0.08| 49| 22657 [2.8 1240 | 28 82 |296 |1.0]1.0|2.4| (680 21 88 62 2760 |8.5| 1958




The water level in a well fluctuates in response to recharge to and
discharge from the aquifer. Land surface loadings and atmospheric
pressure changes cause minor water level fluctuations in confined
aquifer. Pumping a well causes the water level to decline. The water
level surface surrounding the well will resemble a cone and is referred
to as the '"cone of depression''. Water-level drawdown is the difference
between static and pumping levels; The degree of drawdown is controlled
by the hydraulic properties of the aquifer, the physical characteristics
of the well, and the rate and duration of pumping. Continuous withdrawal
of water from an aquifer by pumping will cause a decrease in the rate of
natural discharge, an increase in the rate of recharge, and/or a reduction

of the volume of water in storage.

GEOLOGY
PREGLACIAL ROCKS

The Washburn-Wilton area is located on the eastern side of the
Williston Basin and is underlain by more than 8,000 feet of sedimentary
rock ranging from Cambrian to Tertiary in age (Bluemle, 1971). All
bedrock formations have a regional westerly dfp and thicken in that
direction. These sedimentary rocks consist of alternating beds of
. claystones, siltstone, sandstones, shales, limestones, and evaporites
which were deposited millions of years ago. This investigation is
concerned only with the Upper Cretaceous and Tertiary rocks which underiie
the study area.

Data compiled from test drilling, surface geology, and topographic

maps were used to construct the generalized bedrock map of the Washburn-
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Wilton area (fig. 3). The bedrock surface is shown on this map as it
would appear if all the overlying glacial drift were removed. There are
two prominent features on the map. The first is the outlier of the
Sentinel Butte Formation. This outlier underlies a topographic high.
The second is the narrow band of the Hell Creek Formation. This band is
located in a preglacial valley of the Knife River which was entrenched
into the upper Hell Creek Formation.

The Fox Hills Formation is a marine sequence of interbedded claystone,
siltstone, and sandstone as substantiated by test holes 8610 (142-80-
32€CC) and 1984 (142-81-4ADC). The top of the Fox Hills at Wilton is
about 750 feet below the land surface (1,400 feet mean sea level). Four
lithologic units within the formation are identifiable at Wilton. They
correspond to beds defined by Kume and Hanson (1965) in Burleigh County
(p1. 2). A bed of very fine- to fine-grained, semi-consolidated, bluish-
gray sandstone occurs in the upper part of the formation. This bed is
probably the Colgate member of the Fox Hills Formation which underlies
much of western North Dakota. In the Wilton area this sandstone bed is
about 30 feet thick. A lower bed of sandstone and interbedded claystone
can also be identified in the Fox Hills. This bed is more than 50 feet
thick and is probably equivalent to the Timber Lake Member which crops
out in Emmons County (Feldman, 1972). Total thickness of the Fox Hills
in the study area may exceed 300 feet.

The Hell Creek Formation directly overlies the Fox Hills and is
slightly more than 200 feet in thickness. Alternating beds of brownish-
to greenish-gray claystone, sandstone, and shale comprise the formation.

The sandstone beds are thin and may be discontinous.
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Medium- to brownish-gray, sandy claystones of the Cannonball Formation
overlie the Hell Creek. The Cannonball is a marine unit which contains
numerous ]imeﬁtone concretions and thin beds of limey, highly calcareous
sandstone. The Cannonball is more than 200 feet thick in the study
area.

Continental deposits of the Tongue River Formation directly overlie
the Cannonball. It consists of a basal, fine-grained sandstone unit
overlain by interbedded claystone, siltstone, sandstone, and lignite.
Near Wilton the basal sandstone has an average thickness of about 30
feet and can be easily distinguished in the subsurface (pl. 2). Subsurface
data indicate that the formation exceeds 200 feet in thickness near
Wilton where erosion has not altered the original section.

Test drilling for this study and correlation of geologic maps of
McLean County, indicate that in the southeast portion of the study area
an outlier of the Sentinel Butte Formation overlies the Tongue River
(fig. 3). Previous authors (Royse, 1967 and Carlson, 1973) used three
criteria to define the Tongue River-Sentinel Butte contact: (1) color,
(2) a lignite horizon in the uppermost portion of the Tongue River, and
(3) the presence of a basal sandstone in the Sentinel Butte. The first
two criteria could not be determined from subsurface data, but a basal
sandstone unit could be traced on electric logs and identified from
drill cuttings. The basal sandstone is silty and very fine- to medium=-
grained. It is semi-consolidated, fossilliferous, and bluish-gray in
color.

Siltstone, sandy claystone, and lignite beds constitute the upper

Sentinel Butte Formation near Wilton. A 10-foot bed of lignite was
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penetrated in test hole 8614 (142-80-1AAB) located about one mile east

of Wilton and south of the abandoned coal mine. This lignite is probably
an extension of the coal bed which was mined in this vicinity during the
early 1900's. The Sentinal Butte Formation ranges in thickness from

about 25 feet to more than 100 feet.

GLACIAL DEPOSITS

During the P}eistocene Epoch, the Washburn-Wilton area was subjected
to several periods of glaciation: the deposits laid down by this activity
are as much as 282 feet thick. The thickest section of glacial drift
occurs in the preglacial Knife River valley located east of Washburn
(pl. 2). Ground moraine, characterized by gently rolling topography, is
the predominant glacial landform in the area. However, along the Missouri
River valley the glacial drift is thin or has been removed by erosion.

Glacial drift in the study area consists of till and glaciofluvial
deposits. Till, an unsorted mixture of clay, silt, sand, pebbles,
cobbles, and boulders was deposited by direct ablation and wasting of
glacial ice with little or no sorting action by water. Above thé water
table it is yellowish-brown in color, indicating that the clay minerals
have been oxidized by chemcial weathering. Below the water table it is
generally olive gray in color. About 70 percent of the land surface in
the Washburn-Wilton area is till. Till usually has thin, lenticular,
discontinuous deposits of sand or gravel associated with it.

Glaciofluvial deposits overlie about 20 percent of the study area.
These consist generally of sand and gravel which have been sorted and

stratified by glacial melt water. The valleys of the Missouri River,
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Painted Woods, Yanktonai Creeks, and the preglacial Knife River are
partially filled with glaciofluvial sand and gravel deposits. Those
deposits constitute glacial drift aquifers (fig 4).

The glaciofluvial deposits which were presented by test holes in
the valleys of the Missouri River and its tributaries are generally
overlain by alluvial clays and silts of post-glacial origin. These

alluvial sediments are thin and generally unsaturated in the study area.

GROUND WATER IN THE BEDROCK

AQUIFERS IN THE UPPER CRETACEOUS ROCKS
The Fox Hills and Hell Creek Formations are important bedrock
aquifers in most of western North Dakota. Both formations underlie the
Washburn-Wilton area, but relatively few wells have been completed in
the sandstone beds of these units. Chemical analyses of water from

selected wells in the study area are listed in Table 2.

Fox Hills Formation

Thickness and Lithology - Drill cuttings indicated that the Fox Hills

consisted of 55 feet of fine- to medium-grained, greenish-gray, glauconitic
sandstone (pl. 2). An observation well was completed to a depth of 435
feet and reportedly had a flow rate of 50 gpm.

Drill cuttings and electric and gamma ray logs taken from test
holes 8610 (143-80-32-CCC) indicate that the Fox Hills Formation consists
of 184 feet of interbedded sandstone, claystone, and siltstone (pl. 2}.
Twenty-eight feet of very fine- to fine-grained, bluish-gray sandstone
was penetrated from at depth of 576 to 604 feet. An observation well

was completed to a depth of 600 feet in this section. Test hole 8610
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penetrated also 56 feet of sandstone interbedded with claystone from a
depth of 660 to 716 feet. The upper and lower sandstones encountered in
test hole 8610 are probably the Colgate and Timber Lake members of the
Fox Hills.

Hydraulic Properties - Data on the potentiometric surface of the Fox

Hills aquifer in McLean County indicate that the hydraulic gradient
slopes to the east (Klausing, 1974). The interpolation of water-level
data indicates that the elevation of the potentiometric surface of the
Fox Hills aquifer at Wilton would be about 1,720 feet. Therefore,
assuming a surface alevation of 2150 feet, the static water level in an
800 foot well at Wilton would be more than 400 feet below land surface.
Wells completed in the Fox Hills Formation at Washburn at elevations
below 1760 feet may flow.

Well yields from the Fox Hills are generally low. Specific capacities
for Fox Hills wells in Mercer and Oliver Counties (Croft, 1970) range
from less than 0.1 ta 0.6 gpm per foot of drawdown. An average specific
capacity for the aquifer would be about 0.25 gpm per foot. Therefore,
the drawdown in a 50 gpm well at Wilton would be about 200 feet resulting
in a 600 feet pumping water level.

Water Quality Water from wells at 143-80-32CCC and 142-81-4ADC is a

very soft, sodium bicarbonate type which contains dissolved solids of
1680 and 1870 mg/1 (milligrams per liter). Flouride content may exceed
the 1imits recommended by the U.S. Public Health Service (table 1). The
high sodium concentration makes this water undesirable for watering

lawns or gardens.
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Hell Creek Formation

Thickness and Lithology -Test holes 1984 (142-81-4ADC) and 8610 (143-80-

32CCC) penetrated 235 feet and 206 feet of Hell Creek, respectively.

The formation consists of interbedded claystone, siltstone, sandstone,

and shale. Several beds of clayey, fine-grained: greenish-gray, glauconitic
sandstone were encountered but no observation wells were installed. The
thickest sandstone bed was penetrated between 424 and 448 feet in test

hole 8610. The top of the Hell Creek at Wilton is about 1,625 feet

above mean sea level.

Hydraulic Properties Reported water levels from domestic wells completed

in the Hell Creek at 143-80-16CCB and 143-81-24CDA indicate a potentiometric
surface elevation of about 1,780 feet. The potentiometric surface for
the Hell Creek at Wilton would be approximately 1,760 feet.

Well yields in the Hell Creek are similar to those of the Fox
Hills. Domestic wells completed in the formation commonly yield a few
gallons per minute, but fully penetrating, properly constructed wells
will have higher yields.

Water Quality Three water samples from the Hell Creek in the study area

indicate a sodium bicarbonate water very similar in quality to Fox
Hills. Dissolved solids ranged from 1,420 to 1,540 mg/1 and the water
is very soft. Flouride is within recommended limits. A high sodium

content makes the water undesirable for irrigation.

AQUIFERS IN TERTIARY ROCKS
Wilton's city wells and numerous domestic and stock wells tap
sandstones of the Sentinel Butte and Tongue River Formation. The

Sentinel Butte underlies only a small portion of the area and is a minor
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aquifer. The Tongue River underlies about 50 percent of the study area

and is an important bedrock aquifer.

Cannonball Formation

With the exception of test hole 1984 (142-81-4ADC) which penetrated
about 80 feet of very fine-grained, clayey sandstone. Test drilling and
well inventory data did not indicate any significant sandstone beds in
the Cannonball Formation. However, existing data indicates that the
Cannonball is not a significant aquifer in this area. A well at 144-80~
22ADD taps the Cannonball Formation at a depth elevation of 220 feet and
yields a sodium bicarbonate type water which has total dissolved solids

concentration of 1210 mg/1.

Tongue River Formation

Thickness and Lithology Test drilling indicates the Tongue River

Formation at Wilton contains both upper and lower sandstone beds which
can be distinguished as separate hydrologic units by differences in
water levels and chemical quality. The basal sandstone is common to the
Tongue River Formation in most of western North Dakota. In the Washburn-
Wilton area it can be recognized from drill cuttings and on electric
logs. The sandstone is clayey, very fine- to fine-grained, and light-
gray to bluish-gray in color. It ranges in thickness from a few feet to
as much as 56 feet in test hole 8608 (143-79-31AAA). The basal sandstone
crops out about six miles west of Wilton along the Missouri Valley.

The upper Tongue River sandstone is lenticular and variable in
thickness. It is generally clayey, very fine- to fine-grained, carbonaceous,

lignitic, and may be fossilferous. The sandstone is bluish-gray to
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brownish-gray in color. It ranges in thickness from a few feet to as
much as 50 feet in test hole 8610 (143-80-32cCCC).

Hydraulic Properties Water levels in observation wells completed in the

upper and lower Tongue River sandstone indicate that ground water movement

is downward through the Formation. Data also suggests that the potentiometric
surfaces of both the upper and lower aquifers slope eastward and westward

from the topographic bedrock high at Wilton.

Well yields are low, due to the fine-grained material and to interstitial
clay and silt which substantially reduce permeability. A U-inch diameter
observation well at 142-80-1CBB was completed in the upper Tongue River
sandstone. The well was screened from 139 to 144 feet with 5 feet of 3~
inch diameter No. 8 slot (0.008 inch) screen which has sandpacked. It
was pumped with a submersible pump at about 6 gpm. The specific capacity
was estimated at about 0.1 gpm per foot of drawdown. Anticipated yields
for properly constructed wells in the Tongue River sandstones at Wilton
will probably not exceed 20 gpm per well.

Water Quality Water samples from four wells completed in the basal

sandstone indicate the water is a sodium bicarbonate type which averages
1,112 mg/1 dissolved solids. It is high in sodium and very soft.
Concentrations of boron and flouride are high.

Seven water samples from wells in the upper Tongue River sandstone
indicate that the water may be either a calcium-magnesium bicarbonate or
a sodium bicarbonate type. The water is generally quite hard and

contains variable concentrations of iron and sulfate.

Sentinel Butte Formation

Thickness and Lithology Data from 17 test holes indicate that in the

Wilton area the Sentinel Butte Formation consist of interbedded claystone,
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siltstone, sandstone, and lignite. The basal sandstone is usually
interbedded with claystone, and ranges in thickness from four feet in
test holes 8627 (143-80-35ADC) to 52 feet in test hole 8613 (142-80-
1BBB). The sandstone is silty and clayey. It is very fine- to med i um-
grained and semi-consolidated to loose. Its color is light-gray to
bluish-gray. Often a sandy, greenish-gray, bentonitic claystone directly
overlies the sandstone bed.

Hydraulic Properties - Wilton's city wells are completed in the basal

Sentinel Butte at depths ranging from 92 to 102 feet. The comb i ned
pumping rate of three wells used by the city is 37 gpm. Drill cuttings
and electric logs show the basal sandstone in the vicinity of the city
well field to be very lenticular and interbedded with claystone. About
one mile southeast of Wilton the Sentinel Butte sandstone is Tess clayey,
coarser-grained, and not as interbedded with claystone. However, anticipated
well yields in this area probably would not exceed 15 to 20 gpm per
well.

Water level data show that basal Sentinel Butte aquifer is recharged
primarily by precipitation. The overlying glacial drift is very sandy
permitting the rapid infiltration of snowmelt and rainfall.

Water Quality Seven water samples from the Sentinel Butte aquifer show

the water to be generally of good quality and of the calcium bicarbonate

type. Dissolved solids range from 206 to 1,170 mg/1 averaging 497 mg/1.

The water is hard. Iron and manganese concentrations are within accepted
limits, except for a water sample at 142-80-2DDD which indicated 1.50

mg/1 iron and 2.0 mg/1 manganese.
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GROUND WATER IN THE GLACIAL DRIFT

Glaciofluvial deposits of sand and gravel which partially fill
buried valleys of the Missouri River and the preglacial Knife River are
important glacial drift aquifers in the Washburn-Wilton area. Data
obtained during this investigation and interpolated from existing reports
and maps (Klausing, 1974) were used to evaluate the geohydrologic characteristics
of the Lost Lake and Missouri River aquifers.

Glaciofiuvial deposits which underlie the Missouri River floodplain
have been called the Painted Woods aquifer by Klausing (1974), and the
Missouri River aquifer by Croft (1973). Missouri River aquifer will be
used in this report due to the geographical proximity to the Missouri
River and because of the similar water quality and hydrologic characteristics
of the flood plain deposits.

Figure 4 shows the location, thickness, and estimated potential
yield of the Lost Lake and Missouri River aquifers. The direction of
ground-water movement is indicated on figure 5. Geologic sections of
the Lost Lake and Missouri River aquifers are represented on plate 2.

Lost Lake Aquifer

Thickness and Lithology The Lost Lake aquifer is a buried preglacial

river channel which underlies about 7 square miles of the study area
(fig. 4). The aquifer consists of interbedded clay, silt, sand, gravel,
and till. Water-bearing sand and gravel ranges in cumulative thickness
from 21 feet in test hole 8936 (143-81-3CBB) to 153 feet in test hole
8932 (143-81-LADD). The clastic materials range in size from fine sand
to coarse gravel and are generally well-sorted. Fine to coarse, clayey
gravel is commonly found overlying the bedrock surface in the buried
valley (pl. 2). Loss of circulation during test drilling indicates that

permeabilities are high.
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Geologic sections B-B', C-C', and D-D' show cross-sectional views
drawn at right angles to the horizontal axis of the aquifer. Southwest
of Lost Lake a large, lenticular-shaped body of silty clay divides the
aquifer into an upper and a lower unit. Water-level and water quality
data show that the clay body forms a semi-impermeable boundary between
aquifer units. However, to the northeast, in the vicinity of test holes
4110 (144-80-19ABA), and north of the Painted Woods Lake area in the
Missouri River valley the aquifer consists of only one‘unit (E-E' on pl.
el

Hydraulic Properties Water levels in observation wells range from above

the land surface (flowing wells) to more than 48 feet below the land
surface. Aquifer materials in the buried valley are under artesian
pressure, but southwest of Lost Lake localized water-table conditions
may exist in the upper aquifer unit. The general direction of ground-
water movement is toward the Missouri River valley (fig. 5).

The Lost Lake aquifer is recharged by infiltration through surrounding
glacial drift and by upward seepage through underlying bedrock. Discharge
from the aquifer occurs as leakage into adjacent bedrock, glacial drift,
and the Missouri River aquifer. The upper unit may discharge locally
into Painted Woods Creek.

Aquifer test data are not available on the Lost Lake aquifer,
however, based on the grain-size and the thickness of clastic materials
yields exceeding 1000 gpm may be possible from a properly constructed
well.

Water Quality - Nineteen water samples from the Lost Lake aquifer indicate

that the water may be either a sodium bicarbonate or a calcium bicarbonate

type. Generally, wells completed in the lower aquifer unit will yield
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sodium bicarbonate water and wells tapping the upper unit will yield
calcium bicarbonate water. There appears to be a mixing of waters
between the Lost Lake and Missouri River aquifers north of Painted Woods
Lake where these deposits overlie each other and are hydraulically
connected.

Dissolved solids ranged from 367 mg/1 to 1650 mg/1 and averaged
1065 mg/1. The water is soft to very hard. Concentrations of iron and
manganese usually exceed recommended limits and will require treatment
to remove them for municipal or domestic use. Locally, sulfate exceeds
the 250 mg/1 limit set by the U.S. Public Health Service (table 1).

Water quality in the upper unit of the aquifer is superior to that
of the lower unit, and is best in Secs. 2 and 3, Township 143 North,
Range 81 West. Good quality water in this area is partially due to the
rapid infiltration of precipitation down through surficial sands and
gravel.> Water quality is also influenced by the previously mentioned
lenticular body of silty clay, which functions as a confining bed and
prevents the upward migration of poorer quality water from the lower
aquifer unit. Water from the upper unit of the Lost Lake aquifer is
very similar in quality to the Missouri River water at Washburn and

water in the Sentinel Butte Formation at Wilton (table 2).

Missouri River Aquifer

Thickness and Lithology In the study area the Missouri River aquifer

underlies about 6 square miles of the Missouri valley. The aquifer
consists of interbedded glaciofluvial clay, silt, sand, and gravel
thinly overlain by alluvial clays and silts. Sand and gravel comprising

the aquifer ranges in thickness from 28 feet in test hole 8943 (144-82-
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16ADA) to 198 feet in test hole 3729 (144-82-23DDD). Clastic materials
range in size from fine sand to very coarse gravel. They are highly
permeable.

The deposit is thickest across the Missouri River southwest of
Washburn. This is due to the influence of the buried preglacial Knife
River valley which underlies the surficial floodplain deposits of the
Missouri River. Subsurface data indicate that the aquifer consists of
nearly 200 feet of sand and gravel in this area.

Hydraulic Properties Water levels in the Missouri River aquifer are

generally within 10 feet of land surface. They fluctuate in response to
changes in the stage of the Missouri River and in the amount of annual
precipitation (Klausing, 1974)

The aquifer is recharged by the infiltration of precipitation,
underflow from the Lost Lake aquifer, and leakage from surrounding
bedrock. Ground water is discharged by underflow to the Missouri River,
evapotranspiration and by pumping. The general direction of ground
water movement is toward the Missouri River (fig. 5).

Aquifer test data for a well (1“3-81-29888‘) located outside the
study area on the Missouri floodplain shows the aquifer to be highly
premeable and capable of yields exceeding 1000 gpm from an individual
well (Klausing, 1974). This well, owned by the South MclLean Mutual Aid
Association, is 107 feet in depth, 12 inches in diameter, and screened
from 82 to 107 feet. It was pumped at a rate of 1,180 gpm had a specific
capacity of 106 gpm per foot of drawdown.

Water Quality Dissolved solids for six water samples ranged from 585

mg/1 to 2,070 mg/1. The water is very hard, generally high in sul fate,
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and a sodium bicarbonate type. Concentrations of iron and manganese

exceed recommended limits.

Minor Drift Aquifers

Thickness and Lithology Deposits of sand and gravel, in the valleys of

Painted Woods and Yanktonai Creeks, and lenses of sand and gravel,
associated with till, constitute aquifers which are capable of providing
small quantities of ground water to domestic and stock wells in the

study area. Permeable materials range in saturated thickness from a few
feet to as much as 33 feet in test hole 4105 (143-81-24DDA). Sand and
gravel deposits in Painted Woods and Yanktonai Creeks are highly variable
in thickness and may, in places, be discontinuous.

Hydraulic Properties Water levels generally fluctuate in response to

the amount and frequency of precipitation and surface runoff along
Painted Woods and Yanktonai Creeks. Ground-water movement is downstream
toward the Lost Lake area. Evaluation of water-level data indicates
that these deposits are not hydraulically connected to the Lost Lake
aquifer.

Water Quality - Five water samples indicate a calcium or sodium sulfate

type water ranging from 1,250 mg/1 to 2,410 mg/1 dissolved solids.
Dissolved iron and manganese concentrations may exceed limits recommended

by the U.S. Public Health Service.

SUMMARY AND CONCLUSIONS

Data collected and evaluated during this investigation describe a
178 square mile area surrounding the cities of Washburn and Wilton
including portions of Burleigh, McLean, and Oliver Counties. The area

is situated within the Coteau Slope division of the Missouri Plateau
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physiographic province of North Dakota. The average temperature is
AZ.QOF. and the average annual precipitation is 15.15 inches.

The Washburn-Wilton area is located on the eastern side of the
Williston Basin and is underlain by more than 8,000 feet of sedimentary
rocks. This investigation was concerned only with upper Cretaceous and
Teritary rocks which are potential aquifers in this area. These bedrock
aquifers are: 1) Fox Hills, 2) Hell Creek, 3) Tongue River, 4) Sentinel
Butte Formations.

The Fox Hills and Hell Creek Formations consist of interbedded
claystone, siltstone, sandstone, and shale. Wells tapping sandstone
beds of up to 56 feet in thickness will yield small quantities of water.
The predominantly sodium bicarbonate type water contained in sandstones
of both the Fox Hills and Hell Creek Formations is very similar. Dissolved
solids content ranged from 1,680 to 1,870 mg/1 in the Fox Hills and from
1,420 to 1,540 mg/1 in the Hell Creek. Properly constructed wells
tapping sandstones of the Fox Hills and Hell Creek may yield as much as
50 gpm.

The Tongue River and Sentinel Butte Formations consist of interbedded
ciaystone, siltstone, sandstone, shale, and lignite. Two sandstone beds
in the Tongue River Formation are important aquifers in the study area.

A basal sandstone bed in the Sentinel Butte Formation yields water to
municipal wells at Wilton. Sandstones of the Tongue River and Sentinel
Butte contain sodium and calcium bicarbonate type water. Dissolved
solids content ranged from 655 to 1,620 mg/1 in the Tongue River and 206
to 1.170 mg/1 in the Sentinel Butte. Properly constructed wells tapping
these sandstones may yield as much as 20 gpm.

Glaciofluvial deposits of sand and gravel have the greatest potential

for ground-water development in the Washburn-Wilton area. The Lost Lake

_32_



and Missouri River aquifers occupy buried valleys and are capable of
yielding more than 1000 gpm to properly constructed, fully penetrating
wells.

The Lost Lake aquifer consists of interbedded clay, silt, sand and
gravel which may exceed 150 feet in thickness. Southwest of Lost Lake
the aquifer consists of an upper and a lower unit which are differentiated
according to water-level and chemcial quality data.

Water from the Lost Lake aquifer is generally of the sodium bicarbonate
type. However, in Sections 2 and 3, Township 143 North, Range 81 West
calcium bicarbonate water is found assoicated with the deposits of the
upper aquifer unit. Dissolved solids range from 367 to 1,650 mg/1 and
the water is generally hard. Dissolved iron and manganese usually
exceed recommended limits and the treatment for the removal of these
constituents will be required.

Deposits of the Missouri River aquifer consist of interbedded clay,
silt, sand, and gravel which may exceed 190 feet in thickness. The
aquifer is generally confined by alluvium and is under artesian pressure.
An aquifer test using an existing irrigation well (143-81-29BBB1) has
shown that this aquifer is capable of yielding more than 100 gpm.

The water is a sodium bicarbonate type with a dissolved solids
range from 585 to 2,070 mg/1. Concentrations of sulfate, iron, and
manganese generally exceed recommended limits.

Minor drift aquifers in the study area are associated with Painted
Woods and Yanktonai Creeks or occur as isolated lenses of sand and
gravel within the till. They are capable of yielding small quantities
of water to domestic and stock wells. Dissolved solids may exceed 2,000

mg/1. The water is generally of the calcium sul fate type.
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The results of this study show that Wilton has two possible alternatives
for solving their water supply problem.

The first alternative is to drill additional wells about one mile
southeast of the city into sandstones of either the Sentinel Butte or
Tongue River Formations where subsurface data indicates greater aquifer
thickness. However, due to the low permeabilities of the sandstones, at
least five wells would be required to provide the city with an additional
100 gpm supply. Future population growth and increased demand would
require the installation of additional wells.

Secondly, the city ;ould develop a well field in the upper Lost
Lake aquifer located in Sections 2 or 3, Township 143 North, Range 81
West, about 8 miles northwest of town. A single well completed in this
aquifer could produce 200 gpm satisfying the city's present and future
water requirements. It would be advisable to install two wells in the
Lost Lake aquifer, then one well can be maintained for emergencies on a
standby basis. Water quality in the upper unit of the Lost Lake aquifer
is very similar to that of the city's present water supply, but facilities

for the treatment to remove dissolved iron and manganese would be required.

Washburn's water supply facilities are adequate at the present
time. However, new surface water treatment and filtration requirements
set by the North Dakota State Department of Health may require modification
of the city's existing water facilities.

As an alternative to a surface water treatment plant, the city
could develop a well field in the upper Lost Lake aquifer located about
five miles southeast of town. Water quality in the upper Lost Lake
aquifer is essentially equivalent to that of the Missouri River water
currently being used by the city, but iron removal facilities would be

required.
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TABLE 3 -- LOGS OF TEST HOLES

The following logs of test holes and wells are summaries of data
from driller's logs, geologist's sample description, resistivity,
spontaneous potential, and gamma ray logs. Color descriptions are of
wet samples and are based upon color standards of the National Research
Council (Goddard and others, 1948). Grand-size classification is C.K.
Wentworth's scale from Pettijohn (1957).

Test holes are called observation wells when they have been completed
with 14-inch or 4-inch diameter plastic casing and screened at the
bottom. Well depths, screened intervals (s.1.), and water levels, with
date of measurement, are so designated. Water levels are in feet below
land surface. Elevations, based on mean sea level datum, were interpolated
from topographic maps published by the U.S. Geological Survey.

The test holes listed in table 3 with numbers between 8604 and 8952
were drilled as part of this investigation. The other numbered test
holes were drilled by the North Dakota State Water Commission prior to
this study. Logs of unnumbered test holes and wells were provided by

the individual or agency shown in the heading of the log.
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TABLE 3 -- Explanation of Lithologic Symbols

Clay Sandstone

Till Claystone or Siltstone

Sand Limes tone
;e
1 - 4
a2 =X
I.l.I
Gravel Lignite

. :
iQ\:u _ ;
D e g Y i
D A Z
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NUSWL 0O 14
LOCATION 142-80-1AAB

ELEVATION: 2155
(FT, MSL)

~ POTENTIAL (MV) RESISTANCE (OHMS)

7-45

45-47

47-64

64-74

74-103

103-114

114-118

118-123

123-145

—

145-150

150-180

T

DATE DRILLED: April, 1973

DEPTH: 180
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, silty, very sandy, pebbly,
yellowish-brown, oxidized (till).

Sentinel Butte Formation

Claystone, silty, grayish-yellow,
calcareous, partially oxidized,
a few thin lignite stringers.

Sandstone, very fine to medium,
medium-bluish-gray, subangular,
semi-consolidated.

Siltstone, siliceous, clayey,
dark-greenish-gray, noncalcareous.

Lignite, black, brittle, some
thin, brownish-gray, carbonaceous
shale bedding.

Siltstone, siliceous, clayey,

medium-1ight-gray, some greenish-
gray bentonitic clay.

Tongue River Formation

Sandstone, clayey, very fine to
fine, light-bluish-gray.

Claystone, silty, brownish-gray.

Sandstone, very clayey, very fine
to fine, medium-light-gray.

Siltstone, siliceous, clayey,
medium gray with dark-greenish-
gray mottling, slightly calcar-
eous.

Sandstone, silty, very fine to
medium, light-bluish-gray, non-
calcareous.

Siltstone, siliceous, clayey,
medium-light-gray, some brownish-
gray bedding, a few thin lignite
stringers.



LOCATION: 142-80-1BBB

ELEVATION: 2150
(FT, MSL)

~ POTENTIAL (MV)

NDSWC 8613

RZSISTANCE (OHMS)
Sem—emp———
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DATE DRILLED: April, 1973

DEPTH: 100
(FT)

DESCRIPTIOM OF DEPOSITS

Glacial Prift

Clay, silty, sandy, pebbly; yel-
lowish=brown, oxidized (till).

Sentinel Butte Formation

Sandstone, silty, some clay, very
fine to fine, yellowish-brown,

loose, subangular to subrounded,
oxidized, lignitic.

Siltstone, siliceous, medium-
light-gray, some thin, brownish-
gray carbonaceous shale bedding,
calcareous.

Observation Well

Depth 76 feet

S.1. 73-76 feet

Water level 67.43 feet

B NN Wi



LOCATION: 142-80-1CB8

ELTVATION: 2120
(FT, MSL)

POTENTIAL (MV)

NDSWC 8617

DATE DRILLED: April, 1973

DEPTH: 200
(FT)

RESISTANCE (OHMS)
e

IC FORM ® 233 8

e
=== 32-40

27-32 Skt
oxidized.

DESCRIPTION OF DEPOSITS
Glacial Drift

0=27 Clay, silty, sandy, pebbly,
yellowish-brown, oxidized (till).

clayey, yellowish-brown,

Silt, clayey, sandy, olive gray,
soft, highly calcareous.

40-48 Sand, silty, clayey, fine to

medium, dark-yellowish-browun,
oxidized.

Sentinel Butte Formation

48-63
63-70
<:é§i::::::j;;j;8

Claystone, silty, medium gray,
lignite stringers, calcareous.

Sandstone, about 30 percent clay,
very fine to fine, light-brownish-
gray, subangular, consolidated.

Sandstone, about 30 percent clay
and silt, very fine to medium,
medium-bluish-gray, semi-consoli=-
dated to loose, subangular,
micacequs, fossil shells.

Tongue River Formation

Z____
i

. 88-126

126-148

s 148-156

o e —

= 15E-162

2

:::3 162-172

172-177

177-200

North Well

Well diameter 4 inches
Depth 144 feet

S.1. 139-144 feet
Water level 73.43 feet
Measured 11-14-73
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Claystone, medium gray to light-
brownish-gray.

Sandstone, very clayey, very fine
to fine, light-brownish-gray,
fossil shells.

Claystone, silty, brownish-gray,
thin lignite stringers.

Sandstone, clayey, very fine to
D et fine, brownish-gray, consolidated.

Claystone, silty, brownish-gray.

Sandstone, silty, clayey, fine,
medium=-1ight-gray.

Siltstone, siliceous, medium-
light-gray, calcareous.

Observation Wells

South Well

Well diameter 1% inches
Depth 144 feet

S.1. 138-144 feet
Water level 71-97 feet
Measured 11-14-73



LOCATION: 142-80-1CDD

ELEVATION: 2140
(FT, MSL)

POTENTIAL (MV)

NDSWC 8630

RESISTANCE (OHMS)
R )

SWC FORM * 233 3

—

-40-

TrI R e |
e
S——
; 26-32
80 .
S
'OOC 50-62
L

62-76

76-94

140

94-100
160 100-132

132-170
180

170-200

200

DATE DRILLED: May, 1973

DEPTH: 200
(FT)

DESCRIPTION OF DEPOSITS
Glacial Drift

Clay, silty, sandy, pebbly,
yellowish-brown, oxidized (till).

Sand, slightly clayey, fine to
medium, oxidized.

Clay, silty, pebbly, yallowish-
brown, oxidized (till).

Sand, clayey, fine to medium,
oxidized.

Clay, silty, sandy, pebbly, yel-
lowish-brown, oxidized (till).

Sentinel Butte Forrmation

Siltstone, clayey, sandy, vel-
lowish-brown, oxidized.

Siltstone, medium-light-gray, so~e
thin brownish=gray carbonaceous
shale beds, calcareous.

Sandstone, slightly clavey, verv

fine to medium, medium-bluish=
gray, loose, friable.

Tongue River Formation

Claystone, silty, brownish-gray,
thin, dark brown carbonaceous
shale bedding.

Siltstone, slightly sandy, clayev,
medium=1ight=-gray, thin lignite
stringers.

Sandstone, clayey, silty, very
fine to fine, medium-light-gray
to light-bluish-gray, semi-
consolidated, a few thin clay-
stone beds and lignite stringers.

Siltstone, siliceous, medium-
light-gray, brownish-gray to
dark brown shale bedding, thin
lignite stringers.



142-80-2AB8
City of Wilton Test well |
(Log by C. A. Simpson and Son)

Geologic Thickness Depth

source  Material (feet) (feet)
TOPSOi | === == e e e e e 1 1
Brown clay and rock -==-==-====emmceacoaaooo_. 6 7
Yellow clay =====-mmmmmmee ool 20 27
Blue clay ====-mmmmmm e 25 52
Hardpan and rock =========ecemceccoamaaooo.. 5 57
Slightly gravelly clay ======c=ccmcmammmaao. 23 80
Sandy clay ======mmemm e 22 102
C0al ~m=mmm e e e e el 5 107
Sandy gray clay =====-====eeeeemmeeeee. 1 108
Fine loose sand =========cccmmmcmmaaaaaa 5 113
Soft gray clay =======mmememce el 29 142
Coal and brown clay =========cemecccmmamaa . 3 145
Blue shale ==-=====cemome e 17 162
€0l mm=mm e e e e e e 1 163
Gray shale =======-commm oo 4o 203
Dark shale with little coal =======c=caaaea-- k1 220

NDSWC 8633

LOCATION:  142-80-20CD DATE ORILLED: May, 1973

ELEVATION: 2120 DEPTH: 140

(FT, MSL) (FT)

_POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS

% Glacial Drift
0-38 Clay, silty, sandy, pebbly,

yellowish-brown, oxidized (till).

38-55 Silt, very sandy, gravelly sand
lenses, yellowish-brown, oxidizec.

Sentinel Butte Formation

40 :
55-60 Claystone, siliceous, sandy,

medium gray to greenish-gray,
bentonitic, calcareous.

60-70 Sandstone, clayey, silty, very
fine to fine, medium=bluish-gray,
fossiliferous, semi-consolidated.

:;) Tongue River Formation

70-102 Siltstone, siliceous, clayey,
e light gray, highly calcareous.

80

102-136 Sandstone, clayey, silty, very
fine to fine, light=bluish-gray,
consolidated.

- 136-140 Siltstone, clayey, medium gray,
thin brownish-gray, carbonaceous
shale bedding.

120

140 2




NDSWC 8611

LOCATION: 142-80-2D0D

ELEVATION: 2]15
(FT, MSL)

POTENTIAL (MV)

0-1

135

35~53

DATE DRILLED: April, 1973

DEPTH: 160
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Topsoil, sand, pebbly loam,
grayish-black.

Clay, sandy, silty, pebbly,
yellowish-brown, oxidized (till).

Sand, very clayey, fine to coarse,

well-oxidized, moderately well-
sorted.

Sentinel Butte Formation

Claystone, silty, sandy, medium-
dark=gray with dark-yellowish-
brown mottling, partially oxi-
dized.

Sandstone, slightly clayey, very
fine to medium, dark-greenish-
gray, semi-consolidated to loose,
friable, lignitic.

e e o

S

82-90

90-98

98-108

108-150

150-160

-42~

SwC FORM ® 233 8

Sandstone, silty, clayey, very
fine to fine, medium=1ight-gray,
consolidated, friable, calcareous.

Tongue River Formation

Siltstone, clayey, siliceous,
medium-1light-gray, highly cal-
careous.

Sandstone, silty, clayey, very
fine, medium-1ight-gray, consoli-
dated lignitic, calcareous.

Sandstone, slightly clayey, very
fine to fine, medium=-bluish-gray,
semi-consolidated to loose,
friable, taking water.

Claystone, silty, light-brownish-
gray, occasional thin lignite
stringers, carbonaceous.

Observation Well

Depth 82 feet

S.1. 77-82 feet

Water level 43.53 feet
Measured 11-14-73



142-80-3AAA
NDSWC 1985

Elevation: 2170.9 feet

Geologic
source Material

Glacial drift:
Till, moderate-yellowish-brown, lignite frag-
ments, highly-calcareous, oxidized --------

Sentinel Butte Formation:
Clay, moderate-yellowish-brown, silty,

cohasive; oxldizad “~iemsicaminsnonansons
Clay, dusky-yellow, silty, cohesive, cal-
Careous =---~-memccecc—cecccccecccccacce—--
Clay, dusky-yellowish-brown, silty, cohesive,
ORIEIZEY. 7 r et nm i st e it e =
Lignite, hard, sharp fragments -—=--===-=s===-
Clay, medium=bluish~-gray, silty, indurated,
FIGnIto SMBRPE - =V oai esin it n i s
Sand, medium-bluish-gray, very fine, silty,
lignite and mica flakes ===-~-=-ececrencnnca-
Clay, medium-bluish-gray, silty, cohesive,
lignite flecks, highly-calcareous =--------
LIgNIte, Bl Srearnsnsaasmen s o s e v
Clay, light-bluish-gray, silty, minor lignite
e e
LISHIEE, Iail eersrnoninmannmmiimewi aisem e
Clay, pale-blue-green, slightly-silty =-==-=--
Clay, light-olive~-gray, silty, cohesive,
RIghiy-CRICATEOUS ~ o emsmviansSnsemesseess
Silt, brownish-black, cohesive, abundant
lignite fragments, highly-calcareous =--=----
Clay, dark-greenish-gray, silty, indurated,
REI RIS~ s =veassSsunann it ki im s
Clay, greenish-gray, silty, indurated, white
CAlCraONs ISYBrS “esrssisidnsentonnabaeas
LEGNTEE “wesine oo s s stnemsiiemmda g
Silt, light-olive-gray, clayey, lignite
Tlacks, cRlcaPanNs ~~r=3issnbonunssomanymne
Sandstone, olive-gray, very hard, indurated,
calcarequs = rrstousssc oS dhans s e nese

Tongue River Formation:
Silt, olive-gray, clayey, very fossiliferous,

CHICAPEOUS ~=wessassisnsnsnssnsnretsnssnses
LIGRT LR 7 «omwnilm oo S e smosiin s s o oo o o s o o0
S5ilt, olive-black; -sand, very fine =~—======-
Silt, grayish-blue-green, clayey, occasional

Yignite chips v r—mrdernisrinrresnasasesn=
Sand, very fine, clayey, calcareous =======--
Clay, light-olive-gray, silty, lignite

fradmenLs, CalcarsaQs —=—-ce=e=ss=conmad=ms
Linhite: sestomvmnsSa e snnt musdmms = ek s aman
Sand, light-olive-gray, lignitic =-===-===---
Silt, olive-gray to olive-black, very

L e e e e e e e T

Thickness Depth
(feet) (feet)
F 4 7
4 11
7 18
4 22
4 26
11 37
14 51
8 59
3 62
3 65

3 65%
7% 73
2 75
6 81

16 97
3 106
1 107
11 118
1 119
19 138

1 139
6 145
7 152
L 156
r 163
1 164

58 222
3 225



142-80-11ADD

NDSWC 8632
Elevation 2095 feet
Drilled May, 1973

Geologic Thickness Depth
source Material (feet) (feet)

Glacial drift:

Clay, sandy, pebbly, yellowish-brown,

oxldized {£ill) =e=rrrsrnmmmrreccnocscncans 33 33
Clay, silty, pebbly, olive gray, (till) ----- 11 Ly
Sand, clayey, thin layers of olive gray

laminated silt, very fine to coarse,

well-sorted, very lignitic, gravelly

lower 3 feet “=~=====cescaccccacrssscncaea- 18 62

Tongue River Formation:
Claystone, silty, medium-light-gray, cal-
SEPGIN - RS aR sl A R S S S 18 80
Limestone, dark gray, hard -=--==-=-=-=------ 3 83
Siltstone, clayey, thin bluish-gray sand-
stone interbeds, lignite stringers, highly

e e berte i o o oo s oo e o 49 132
Sandstone, silty, very fine to fine, medium-

Yight~gray, consolidated —~~cs—r-wen=ssons 5 137
Siltstone, siliceous, clayey, medium-light-

gray, tignite stringers =~ sr<icesmansidon- 23 160

-L4l-



LOCATION: 142-80-12AAD

ELEVATION: 2130
(FT, MSL)

- POTENTIAL (%MV)

NDSWC 8631

RESISTAMNCE (CHMS)

DG 20
N oI

L 40
34-148
: g-s\uis—sz

— 60
62-88
— 80
88-108
100
108-110
110-180

120

140

160

180

DATE DRILLED: May, 1973

DEPTH: 180
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, sandy, silty, pebbly, yel-
lowish-brown, oxidized (till).

Sand, silty, clayey, fine to
coarse, well-sorted, light brown,
oxidized.

Sentinel Butte Formation

Siltstone, siliceous, medium-
light-gray, calcareous.

Siltstone, brownish-gray with
dark brown, carbonaceous shale
bedding, thin lignite stringers.

Sandstone, clayey, very fine to
medium, greenish-gray to medium-
bluish-gray, semi-consolidated to
loose.

Tongue River Formation

Claystone, silty, medium-1ight-
gray with brownish-gray, carbon-
aceous shale bedding, calcareous.

Lignite, black, brittle.

Siltstone, siliceous, medium-
light-gray, thin sandstone bed-
ding and a few thin lignite
stringers.



LOCATION: 142-80-12CCD

ELEVATION: 2070
(FT, MSL)

NDSWC 8612

~ POTENTIAL. (MV) RESISTANCE (OHMS)

40

|
‘

-

=
&

0-5

5=15

>

=

e

DATE ORILLED: April, 1973

DEPTH: 220
(FT)

CESCRIPTION OF DEPOSITS

Glacial Drift
Sand, silty, medium to very
coarse, oxidized.

Silt, clayey, yellowish-brown,
oxidized.

Silt, clayey, olive gray, thin
sand lenses, highly calcareous.

§h2-46 Gravel, sandy, slightly clayey,
fine to coarse, oxidized.

&

——

———
i

<;;;;_____7 Tongue River Formation

<~

Siltstone, siliceous, medium
light gray, highly calcareous.

Lignite, black, brittle.

Claystone, silty, medium-dark-
gray to brownish-gray, occasional
thin lignite stringers.

Lignite, black, brittle

Claystone, silty, brownish-gray,
thin lignite stringers, carbon-
aceous.

Claystone, silty, brownish=gray,
carbonaceous.

Siltstone, siliceous, medium=
light-gray, fossiliferous, some
greenish-gray bentonitic clay
bedding, slightly calcareous.

Sy,

Sandstone, clayey, very fine to
medium, medium=bluish-gray, semi-
consolidated to consolidated,
cemented from 170-172 feet.

Siltstone and claystone, brownish-
gray to medium gray, light-
brownish-gray sandstone interbeds,
light brown limestone concretions,
noncalcareous.



Elevation:

Geologic
Source

142-81-4ADC
NDSWC #1984

1666.3 feet

Material

Glacial Drift:

Clay, yellowish-orange, sandy, oxidized -----
Gravel, fine to medium, sandy, oxidized -----

Cannonball Formation:

Sand, very fine to fine, silty to clayey,
lignite fragments, oxidized --=-=======n-ux
Sand, fine, silty to clayey, lignite
fragments ====m==cmc oo e
Sandstone, friable, highly-calcareous ===-=---
Sand, fine, silty to clayey, unsorted,
abundant lignite and mica, (glauconitic) --
Sand, greenish-black, silty, (glauconitic) --
Silt, olive-gray, sandy, lignite and mica
flakes, slightly-calcareous --—=======ce==x
Limestone, olive-gray, sandy ----==-==-=c==u-
Silt, olive-gray, clayey to sandy, harder
than above, slightly-calcareous -=-====-==-
Sand, olive-gray, abundant lignite and green
specks (glauconitic) =====-==-emaceamaacooo
Limestone, sandy, very hard ---=--=-=ccceea--
Silt, olive-gray, sandy, mica flakes =====-==-
Sand, grayish-blue-green, very fine to fine,
(abundant glauconite) =========meecececaoooo

Hell Creek Formation:

Fox Hills

Sand, olive-gray, very silty, lignite and
mica flakes =========mmmmcme o
Silt, olive-black, clayey, lignite and
mica flakes ========mmmmeee oo

Silt, olive-black, pyrites ===-===ceceeeaaa--
Silt, light-olive-gray pyrite, mica, and
lignite ==--====m e el

Sand, grayish-blue-green, very fine to
medium-angular, abundant green grains

(glauconitic) =======m==mmcmcmmmmemeeo
Silt, olive-gray, sandy =========-ccceaaaaao-
Sand, light-olive-gray, very fine to medium,

green grains, (glauconitic) =-====s==-maeaa-
Shale, greenish-gray, sandy to clayey,

lignitic ===mmmmmm e e
Sand, olive-black, very fine to fine, abun-

dant green grains (glauconite) ==========--
Sand, clayey, mostly quartz, some mica and

greenish grains ========eccmeeacaacceo
Limestone, sandy =========cccecammmm o
Sand, olive-gray, very fine to medium,

clayey === mmm e e e

Shale, dark-greenish-gray; sand, very fine;
mica and lignite flakes, abundant light-
bluish to greenish grains ==-==-cccammaaaa

Sand, very fine to fine, silty, black and
green graing ==—====mmeeem e e eeaen

Lignite ====mmmem e e e e

Shale, olive-gray, silty ====---cccmcoccaaaa.

Shale, greenish-gray, silty to sandy,
(glauconitic) =====m=mmmcmcccmec oo

Formation:
Sand, greenish-gray, fine to medium,
abundant green and black grains

(glauconitic) =======mmmommmccommceacaee oo
Sand, greenish-gray, fine to medium
clayey, (glauconitic) ======--=cecceacoaaa-

Sand, greenish-gray, fine to medium, clayey
(glauconitic) ========mcmmommmmcmamacemeeo

Observation Well

Depth 435 feet

Perforated from 415-435 feet
Flow

o

Thickness Depth
(feet) (feet)
4 4
3 7
33 40
13 53
5 58
5 63
25 88
1 89
2 91
26 1 4
2 119
4 123
13 136
9 145
17 162
8 170
18 188
9 197
12 209
6 215
19 234
16 250
13 263
5 268
3 271
16 287
47 334
14 348
5 353
1" 364
16 380
15 395
5 400
35 435



NDSWC 8608
LOCATION: 143-79-31AAA

ELEVATION: 2060
(FT, MSL)

_ POTENTIAL (MV) RESISTANCE (OHMS)

5%

10-16
40
56 28

(—

. 28-31

(/{,/‘ 31-52
80 i
g
i 52-64
o
S——

100
64-93

93-101
120

101-136

140

136-192

192-200

=L 200

DATE DRILLED: April, 1973
DEPTH: 200
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, silty, pebbly, yellowish-
brown, oxidized (till).

Tongue River Formation

Sandstone, fine, yellowish-brown,
thin siltstone bedding, lignite
stringers, calcareous.

Siltstone, clayey, yellowish-
brown, sandstone interbeds,
oxidized.

60 %

Lignite, black brittle.

Siltstone, clayey, medium=-light-
gray, thin sandstone bedding,
calcareous.

Sandstone, clayey, silty, very
fine to fine, medium-light-gray,
thin claystone bedding.

Claystone, siliceous, medium gray,
brownish-gray carbonaceous shale
interbeds, fossiliferous.

Sandstone, silty, fine, medium=-
bluish-gray, consolidated.

Claystone, silty, siliceous,
medium=1ight-gray, brownish-
gray, carbonaceous shale inter-
beds, lignite stringers from
130-135 feet.

Sandstone, slightly clayey, fine
to medium, medium-bluish-gray,
loose to consolidated, friable,
lignitic.

Cannonball Fermation

Siltstone, siliceous, brownish-
gray, noncalcareous.



LOCATION:

LEVATION: 2120
(FT, 113L)

 POTENTIAL (3V)

143-79-31DCC

hDSUT 2528

RZSISTANCE (OHM

.//*”’f/’#”— ;

L

= 20

G

~ 40 12-20
20-27
— 60 27-40
L40-48

- 80
L8-66
e 66-83

100
120 83-123
123=135

130
135-140

_49_

DATE ORILLED: April, 1973

CEPTH: 140
(FT)

DESCRIPTION OF DERPOSITS

Glacial Drift

Clay, silty, sandy, pebbly,
yellowish-brown, (till).

Sentinel Butte Formation

Claystone, silty, yellowish-
brown to dusky yellow, oxidized.

Lignite, black, brittle, fractured,
taking water.

Claystore, greenish-gray, bentoni-
tics

Siltstone, siliceous, medium-

light-gray, brownish-gray mottling,
calcareous.

Claystone, siliceous, greenish-
gray, thin lignite stringers.

Siltstone, medium gray to light-
brownish-gray, calcareous

" Sandstone, clayey, very fine to

fine, light-brownish-gray, con-
solidated.

Tongue River Formation

Siltstone, siliceous, medium gray.
brownish-gray shale bedding,
slightly calcareous.

Sandstone, very clayey, very fine

-to fine, medium-light-gray to

light-brownish~gray, subangular,
thin claystone bedding.

Claystone, silty, medium gray,
lignite stringers, calcareous.

Observation well

Depth 20 feet

S.l. 17-20 feet

Water level 10.45 feet
Measured 11-14-73



143-80-2cCB

NDSWC 3894
Elevation: 1914 feet
Geologic
source Material
Glacial drift:
TopSoils Stlity, black ma=eemsssrooos~anasoaxs
Silt, clayey, yellowish=gray =-=<-=-=-======--

Clay, silty, yellowish-gray to olive-brown;
scattered sand and gravel (till) ===-=------

Clay, silty, sandy, olive-gray; scattered
pebbles (till) ======----mcceccacccacaeaaao

Tongue River Formation:
Shale, sandy, carbonaceous, variegated gray,
green, and brown; interbedded with fine
greenish-gray sand and lignite ===-==------

NDSWC 3895
LOCATION:  143-80-8AAA

ELEVATION: 1830
(FT, MSL)

_ POTENTIAL (MV) RESISTANCE (OHMS)
e

e 0-1
3
e 1-5
—
il 5-10
\‘~—‘_‘—_——~3
<)‘J>

_STo-26
_

47-52

72-87

87-100

-50-

Thickness Depth
(feet) (feet)
1 1
2 3
16 19
13 32
28 60

DATE DRILLED: November, 1969

DEPTH: 100
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift
Clay, sandy, black (topsoil).
Sand, fine, silty, yellowish-gray.

Clay, yellowish=-brown

Clay, silty, sandy, pebbly, olive-
gray (till).

A S

26-47 Clay, sandy, pebbly, olive-gray;
silt and sand lenses (tilil).

Gravel, fine to medium, sub-
rounded.

Clay, silty, sandy, pebbly, olive-
gray (till).

Gravel, fine to medium, sandy,
subangular to subrounded.

Tongue River Formation

Sand, very fine to fine, clayey,
micaceous, noncalcareous, green-
ish=-gray.

Observation well

Depth 80 feet

S.1. 77-80 feet

Water level 24.91 feet
Measured 11-30-70



LOCATION:  143-80-2200D

ELEVATION: 2060
(FT, MSL)

~_POTENTIAL (MV)

NDSWC 8609

RESISTANCE (OHMS)
e

0-14

14-46

£ he-us
4l

~—=%8-60
{__,\____)

60-64

147-164

164-186

186-190

130-200

DATE DRILLED: April, 1973

DEPTH: 200
(FT)

DESCRIPTION OF DEPOSITS
Glacial Drift

Clay, sandy, pebbly, yellowish-
brown, oxidized (till).

Clay, sandy, silty, pebbly, olive

gray, some reworked bedrock
boulders (till).

Gravel, fine to coarse, poorly
sorted, loose.

Tongue River Formation

e
.
3

Siltstone, siliceous, medium-
light-gray, highly calcareous.

Sandstone, very fine, medium gray,
cemented, highly calcareous,
lignitic.

Sandstone, clayey, very fine to
medium, medium-bluish-gray, thin
siltstone beds, lignitic.

Claystone, siliceous, medium gray,
medium=1light-gray siltstone and
brownish-gray shale interbeds,
thin lignite stringers and thin
sandstone beds.

Sandstone, claystone interbeds,
clayey, very fine to medium,
medium-bluish-gray, loose to
consol idated, lignitic, micaceous.

Claystone, silty, sandy, medium-
light-gray to brownish-gray, lime-
stone concretions.

Sandstone, fine, brownish-gray,
lignitic, consolidated.

Shale, slightly sandy, dark brown,

.carbonaceous.



NDSWC 8616

DATE DRILLED: April, 1973

DEPTH: 160
(FT)
DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, silty, sandy, pebbly, yel-
lowish-brown, oxidized (till).

Sand, clayey, gravelly, fine to

coarse, reworked bedrock sand,
lignitic, oxidized.

Sentinel Butte Formation

Claystone, silty, yellowish-
brown, oxidized.

Siltstone, clayey, siliceous,
medium-1ight-gray to greenish-
gray, bentonitic, highly calcar-
eous.

Sandstone, clayey, light=-bluish-
gray, very fine to fine, consoli-
dated, friable, cemented from
32-34 feet.

Tongue River Formation

Siltstone, siliceous, medium=
light-gray, highly calcareous.

Sandstone, clayey, very fine to
fine, light-bluish-gray, semi-
consolidated, friable, calcareous.

Siltstone, siliceous, clayey,
medium-1ight-gray, calcareous.

Sandstone, slightly clayey, very
fine to medium, medium=bluish-
gray, semi-consolidated, friable,
lignitic, taking water rapidly.

LOCATION: 143-80-26CCC
ELEVATION: 2105
(FT, MSL)
POTENTIAL (MV) RESISTANCE (OHMS)
——
S
5-18
<__2::::::::’18-22
<
: 22-32
32-4k
10¢ E =54
54-72
120
140
160 72-109
109-156
156-160

_52_

Siltstone, siliceous, medium gray.

Observation well

Depth 154 feet

S.1. 148-154 feet

Water level 101.47 feet
Measured 11-14-73



143-80-26DAD

NDSWC 8615
Elevation 2155 feet
Geologic Thickness Depth
source Material (feet) (feet)

Glacial drift:
Clay, silty, sandy, pebbly, yellowish-

brown, oxidized (till) ========ccccecocaoan 2 2
Sand, silty, clayey, medium to coarse,

moderate brown, oxidized ---=======e-=e--a- 2 4
Clay, silty, pebbly, yellowish-brown,

oxidized (till]) =======mecccmommoma 4 8

Sentinel Butte Formation:
Claystone, silty, yellowish-brown to dusky

yellow, oxidized ========e=emeceaoaaooao 11 19
Lignite, black to dark-brownish-black,

brittle, fractured, taking water rapidly -- 7 26
Claystone, silty, medium-light=gray, calcar-

eous, lost circulation, abandoned hole ---- 14 40

143=80-324AA
NDSWC 8604

Elevation: 2010 feet

Glacial drift:
Gravel, sandy, clayey, fine to coarse,

loose, oxidized ========--u- e R T 4 4
Clay, very sandy, gravelly, yellowish-

brown, well-oxidized (til]) =====-=ceemaaa- 16 20
Clay, silty, pebbly, olive gray, calcareous

(£H11) =mmmmmm e e e e e 55 75

Tongue River Formation:

Siltstone, clayey, sandy, light-gray, non-

calcareous ==-======-=acamc--o i L
Sandstone, clayey, silty, very fine to

fine, medium-bluish-gray, consolidated ---- 6 86
Siltstone, siliceocus, medium gray, non-

calcareous ======-==memmm el 20 106
Sandstone, very fine to medium, dark-

greenish-gray, semi-consolidated to

loose, friable ======ceccmmcccmm e 8 114
Claystone, silty, brownish-gray, noncal-

CAreOUS === === == e cmeeee e 12 126
Sandstone, fine to medium, light-bluish-gray,

semi-consolidated, lignitic, micaceous -~-- 17 143
Lignite, black, brittle, fractured, taking

water rapidly =======ceecmm e 3 146
Shale, silty, sandy, brownish-gray, lignite

stringers, noncalcareous ======-====-=can-- 4 150
Claystone, very sandy, silty, medium-

dark-gray to brownish-gray, noncalcar-

€0US ~m=se=mscceccccncccccacasccacanaaac——- 35 185
Sandstone, clayey, fine, dark-greenish-gray,

noncalcareous, consolidated, subangular --- I5 200

80

w

Cannonball Formation:
Claystone, silty to sandy, medium-dark-gray,
to brownish-gray, thin siltstone and dark
brown carbonaceous shale interbeds, lignitic,
noncalcareous ==-=-=====m--cem-cccemaaeaaao 182 382
Claystone, siliceous, dark gray, hard,
noncalcareous ====--==c-=m-cccccccoceacao-- 8 390

Observation well S.1. 132-138 feet
Depth 138 feet Water level 97.71 feet
“E3 Measured 11-14-73



NDSWC 8610
COCATION: 14328032000 - —

BEVATION: 1980 . .
(FT, MSL)

====-Gamma Log

POTENTIAL (MV) RESISTANCE _(OHMS)

SWC FORM %233

96-152

152-175

205-335

335-370

DATE ORILLED:April, 1973
760

DR e o e e el e

(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Road fill.

Tongue River Formation

Claystone, sandy, silty, yellowish-
brown, oxidized.

Claystone, silty, medium-light-
gray, calcareous.

Lignite, black, claystone bedding.
Claystone, sandy, medium gray.

Sandstone, fine to medium, medium-
bluish-gray, consolidated.

Claystone, clayey, medium gray.

Sandstone, fine to medium, bluish=-
gray, thin lignite stringers and
claystone bedding.

Claystone, sandy, brownish-gray,
dark brown, carbonaceous shale
bedding, lignite stringers.

Sandstone, clayey, very fine to

fine, bluish-gray, consolidated,
micaceous.

Cannonball Formation

Claystone, sandy, medium gray with
brownish-gray mottling, yellowish-
gray limestone concretions.

Claystone, silty, sandy, brownish-
gray, limesteone concretions and
sandstone layers.

Claystone, very sandy, medium gray
to brownish-gray, generally non-
calcareous.



NDSWC 8610 (Continued)

LOCATION: — 143=8Q=32C£C — — — ——- DATE DRILLED: April, 1973 __
ELEVATION: 1935 e s DEPTH: 160 Yo o
(FT, MSL) (FT)

POTENTIAL (MV) RESISTANCE _(OHMS) DESCRIPTION OF DEPOSITS

Hell Creek Formation

370-424 Claystone, silty, brownish-gray
to medium gray, lignitic.

424-448 Sandstone, fine, dark greenish-
gray, consolidated, glauconitic,
calcareous.

448-482 Shale, brownish-black, carbon-
aceous, waxy, some thin light-
brownish=-gray claystone bedding.

482-498 Sandstone, fine to medium, green-
ish-gray, glauconitic, micaceous.

498-510 Shale, sandy, light-brownish-
gray, noncalcareous.

510-518 Sandstone, fine to medium, bluish-
gray, slightly glauconitic.
518-576 Shale, slightly sandy, silty,
brownish=black with light-brownish

gray siltstone bedding, carbon-
aceous, waxy.

W
il

Fox Hills Formation

576=-604 Sandstone, very fine to fine,
medium=bluish=gray to brownish-
gray, micaceous, semi-consolidated,
friable.

604-660 Claystone, silty, light-brownish-
gray, thin brownish=-black, car-
bonaceous shale beds, thin light-
bluish-gray sandstone interbeds.

660-716 Sandstone, very fine to medium,
medium=bluish-gray, alauconitic,
micaceous, consolidated, occasion-
al sandy, brownish-gray claystone
interbeds.

716-736 Claystone, siliceous, medium gray
to dark gray, angular quartz
grains, noncalcareous.

736-750 Siltstone, sandy, medium gray,
quartz grains, noncalcareous.

750-760 Siltstone, siliceous, grayish-
black, hard, brittle, noncalcar-
eous, angular quartz grains.

Observation well

Depth 600 feet

S.1. 588-600 feet

Water level 206.26 feet
Measured 11-14-73

_55-

SWC FORM *233A



NDSWC 8605
LOCATION:  143-80-33ADD DATE DRILLED: March, 1973

ELEVATION: 2045 DEPTH: 200
(FT, MSL) (FT)

POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS

Glacial Drift
S e e
0-8 Clay, sandy, pebbly, yellowish-
brown, oxidized (till).

8-11 Gravel, cobbles, clayey, fine to
coarse, poorly sorted, loose,
oxidized.

'__rii;|3 Clay, sandy, pebbly, yellowish-
brown, oxidized (till).

13-24 Sand, silty, clayey, medium to
coarse, subrounded, oxidized.

24-35 Clay, very silty, pebbly, olive
gray, calcareous (till).

35-38 Sand, silty, very fine to medium,
lignitic, subrounced.

38-68 Silt, clayey, very sandy, a few
pebbles, dark-yellowish=brown
with olive gray mottiing, partial-
ly oxidized (siltill).

Tongue River Formation

68-120 Claystone, siliceous, medium-
light-gray to medium gray, dark
brown, carbonaceous shale bedding
and yellowish-gray, limestone
concretions.

120-126 Shale, dark brown, lignite string-
ers, carbonaceous.

126-140 Claystone, siliceous, areenish-
gray to brownish-gray, bentonitic,
noncalcareous.

140-170 Sandstone, slightly clayey, very
fine to medium, lignitic, mica-
ceous, dark-greenish-gray, con-
solidated.

170-200 Claystone, silty, brownish-gray
to medium-dark-gray, noncalcar-
eous.

Observation well
Depth 169 feet
S.1. 163-169 feet
-56- Water level 107-06 feet
Measured 11-14-73

SWC FORM ® 233 g



LOCATION: 143-80-35ADC

ELEVATION: 2150
(FT, MSL)

POTENTIAL (AV)

NDSWC 8627

RESISTANCE (OHMS)
e

},
j

3y

-

AT )
o é;ég/)
=

% 0-20

“‘;> 20-26
26-46
ec:k\\wti2~:>  46-54
3;%//;”"' 54-58
J .
58-74
74-84
10
84-90
90-105
120
105-109
140
109-150

150-160

DATE DRILLED: April, 1973
DEPTH: 160
{FT)

DESCRIPTION OF DEPCSITS

Glacial Drift

Clay, silty, sandy, pebbly, yel-
lowish-brown, oxidized (till).

Sand, silty, clayey, very fine to
medium, oxidized.

Sentinel Butte Formation

Claystone, silty, sandy, pale-
yellowish-brown to medium gray,
thin lignite stringers, partially
oxidized.

Sandstone, very clayey, silty,
very fine to fine, yellowish-
brown, lignitic, oxidized.

Claystone, siliceous, greenish-
gray, bentonitic.

Sandstone, very clayey, silty,
very fine to fine, dark-yellowish
brown, consolidated, oxidized.

Claystone, silty, siliceous,
greenish~gray, bentonitic.

Sandstoné, very clayey, very fine
to fine, subangular.

Siltstene, siliceous, medium-
light=-gray, thin lignite stringer
calcareous.

Sandstone, silty, clayey, very

fine to fine, medium-bluish-gray,
micaceous, lignitic.

Tongue River Formation

Siltstone, clayey, siliceous,
medium-1light-gray to medium-gray,
thin brownish-gray shale bedding
and thin sandstone layers,
slightly calcareous.

Sandstone, very fine to fine,
medium-1ight-gray, consolidated.



NDSWC 8626

LOCATION: 143-8C-35ADD

ELEVATION:
(FT, MSL)

2160

POTENTIAL (MV) RESISTANCE (OHMS)

—

&

=58

0-4

12-16

16-40

Lo-60

60-70

70-90

90-98

98-112

112-160

DATE DRILLED: April, 1973

DEPTH: 160

(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, silty, pebbly, yellowish-
brown, oxidized (till)

Sentinel Butte Formation

Claystone, silty, yellowish-
brown, oxidized.

Lignite, black, brittle, fracturec
taking water.

Claystone, sandy, yellowish-brown
to dusky yellow, oxidized.

Sandstone, clayey, very fine to
fine, light-brownish-gray, semi-
consolidated to loose, partially
oxidized.

Claystone, silty, sandy, dark-
yellowish-brown with light-
brewnish=-gray mottling, slightly
calcareous, partially oxidized.

Sandstone, clayey, very fine to
fine, light-brownish-gray, semi-
consolidated, partially oxidized.

Siltstone, clayey, medium-1light-
gray, calcareous.

Sandstone, silty, slightly clayey
medium-bluish-gray, micaceous,
lignitic.

Tongue River Formation

Siltstone, clayey, siliceous,
medium-light-gray, lignite
stringers.



NDSWC 8629

LOCATION: 143-80-35DAA, DATE DRILLED: April, 1973
ELEVATION: 2145 DEPTH: 200
(FT, MSL) (FT)
POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPfION OF DEPOSITS
el

Glacial Drift

0-5 Clay, silty, sandy, pebbly, yel-
lowish-brown, oxidized (till).

5-17 Silt, clayey, pale-yellowish-
brown, oxidized.

17-20 Gravel, sandy, fine to coarse,
yellowish-brown, oxidized.

Sentinel Butte Formation

20-48 Sandstone, slightly clayey, fine
to medium, yellowish-brown, lcose
to consolidated, lignitic, oxi-
dized.

48-80 Siltstone, sandy, clayey, pale-
yellowish-brown, fossiliferous.

80-88 Sandstone, very fine to fine,

semi-consolidated to loose, medium
bluish-gray, micaceous, lignitic.

Tongue River Formation

88-98 Siltstone, siliceous, light-
brownish-gray, lignite stringers,
dark brown, carbonaceous shale
bedding.

98-105 Sandstone, slightly clayey, very
fine to fine, medium-bluish-gray,
consolidated, lignitic, micaceous.

105-142 Siltstone, siliceous, medium-
light=-gray.

142-176 Sandstone, very clayey, silty,
very fine to fine, medium-light-
gray, calcareous, consolidated.

176-200 Claystone, sandy, medium gray,
thin sandstone layers and dark
brown carbonaceous shale beds,
thin lignite stringers.

Observation well

Depth 103 feet

S.1. 97-103 feet

Water level 71.92 feet
Measured 11-14-73



LOCATION:  143-80-350AA,

ELEVATION: 2140
(FT, MSL)

POTENTIAL (MV)

NDSWC 4104

<

swc FORM ® 233 3

RESISTANCE (OHMS)

T 03

DATE DRILLED: August, 1970
DEPTH: 400
(FT)
DESCRIPTION OF DEPOSITS
Glacial Drift

Silt, sandy, clayey, yellowish-

— = gray: (till).

<\_:}
“12 Clay, silty, sandy, pebbly, olive

brown, (till).

{ Sentinel Butte Formation

Sandstone, silty, clayey, very
fine to fine, dusky-yellow,
oxidized.

Siltstone, sandy, dusky yellow,
oxidized.

Sandstecne, silty, clayey, very
fine to fine, yellowish-gray,
oxidized.

Claystone, silty, sandy, yellow-
ish-gray with medium=-dark-gray
mottling, partially oxidized.

Sandstone, clayey, silty, very
fine to fine, dark gray, fossili-
ferous, lignitic.



NDSWC 4104 (Continued)

LOCATION: 143-80-35DAA, DATE DRILLED: August, 1970
ELEVATION: 2140 DEPTH: 400
(FT, MSL) (FT)

APOTEN“AL (MV) RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS

- —

Tongue River Formation

Siltstone, clayey, medium gray,
thin, brownish-gray, carbonaceous
shale beds.

Sandstone, slightly clayey, silty,
very fine to fine, greenish-gray,
subangular.

Siltstone, sandy to clayey,
brownish-gray, noncalcareous.

Sandstone, clayey, silty, very
fine to fine, medium gray, mica-
ceous.
Claystone, silty, medium gray,
slightly calcareous, siltstone
interbeds.
320 262-292 Sandstone, clayey, silty, fine,
c:::::fj=> medium-bluish-gray to greenish-
¢:i§§5:__‘ gray, micaceous, lignitic.
gt Cannonball Formation
\ . = % 292-400 Shale, silty to sandy, norcalcar-
;§£;;§:> eous, dark gray to brown.
L 360; ‘

143'80‘350AA3
City of Wilton Well 2
(Log from C. A. Simpson & Son)

Elevation: 2165 feet

Geologic Thickness Depth
source  Material (feet) (feet)
4 B e A o e ot et e 2 2
Cliy gray =erecsissanisuscdonnecsmani=acaans 7 9
Clay;-yellon, hard —~===sc-scrn-cemgewsnissns 66 75
Sandstone “rrecssseasusFEssCHLShRE e = o 2 77
Sand<@nd brown clay =—==se=ccccoeaisioanenna- 7 84
Ciay, drdy; sandyl ~=——~=r-Semcissssesssssnane 16 100



Elevation

143-80-35DA4,,
City of Wilton Well 4
(Log from Layne-Minnesota Co.)

Elevation: 2170 feet

‘Elevation:

: 2165 feet

T0p%01 ], clay“gravgl ~s~-~-restnsserenmenenas 20
PRy SONMY P oversisaatam e so i ing b S 15
I e o v e o S o 50
L18Y. SONGY -~ e tnssma i s e i e 17

143-80-35DAAg
City of Wilton Well 5
(Log from Layne-Minnesota Co.)
Topsobl; gravellyclay =-=rs=rrerocomeseursas 15
Coal and clay ~——~—re=—rescacncncacssccndnrma 10
L I € SenbassinsdSetRitmariiohmoesy s we = 13
SAndSione, Ratd servesscsnsibuisunnnasnasence 2
2 BNV E] S o i e s i A W S S i S T 50
EUBY, RN i it s WS SR B oo oy ot 13
143-80-35DAD
City of Wilton VWell 1
(Log from C. A. Simpson & Son)
2160 feet

e ot e R B S B R R E e e 1
I AT L 7 e il o i o s S 29
Cley; Vellow, Mapd =~wrisbcssinmanniatnonasns L6
SaNE, Ch, Dl erinsceSniaintrasiys s ansae 8
SR0d Al Epa] Srramsssansneavesgisvanssamne=e -
L9, Gy, o] S rvsRisisdesemananaemanes ko

wkgs

20
35
85
102

15
25
38
Lo
90
103



LOCATION:

ELEVATION: 2145
(FT, MSL)

POTENTIAL (MV)

143-80-350C0

NOSWC 8606

_63_

~ 120

T 280

T~

RESISTANCE (OHMS)

80-30

90-118

118-122

DATE DRILLED: March,

1973

DEPTH: 320
(FT)

DESCRIPTION OF DEPOSITS
Glacial Orife
Clay, very silty, pebbly, yellow-
Ish-brown, oxidized (till).
Sentinel Butte Formation
Claystone, silty, dark-yellowish=

brown, yellowish-gray !imestone
concretions, oxidized.

Sandstone, very silty and clavey,
very fine to fine, 7ellowish-
brown, oxidized.

Sandstone. clayey, very fine to

fine, light-bluish=grav, con-
solidated.

Tongue River Formation

Shale, dark brown, carbonaceous,
lignite stringers.

Claystone, sandy, medium gray,
fossiliferous .

LImestone, dark gray, hard.

e o R e

%- 122-160

160~186

186-278

278-305

305-320

- 300 £ uest well
_>~ Deoth 2293 feet

5.1. 287-293 feet
Water level 139.45
Measured 11=14=73

East well
epth feet
S.1. 77-80 feet

———

Claystone, silty, medium gray,
noncalcareous.

Sandstone, clayey, very fine to
fine, medium-1light-gray, consoli-
dated, highly calcareous.

Siltstone and claystone, medium
gray to brownish-gray, fossili-
ferous, noncalcareous.

Tonque River Formation (Continued)

Sandstone, clayey, fine, medium=
bluish-gray, loose to semi=
consolldated, friable, lignitic.

Cannonball formation

Claystone, silty to sandy, medium
gray to brownish-gray, fossili=
ferous, noncalcaresus.

Observation wells

Middle well

Jeoth 180 feet

S.1. 177-189 feet

er level 109.35 feet
Measured 11-14-73

feet

Water level 56.22 feet

Measured 11-14-73



o ST

e —

NDSWC 8607
LOCATION: 143-80-36AAB

ELEVATION: 2135

(FT, MSL)
POTENTIAL (MV) RESISTANCE (OHMS)
7 R 5 e
0 . )
s ST 3-18
S
1< 40 18-38
>
s LS
3 e gy

.

5 nes

84-126

126-158
158-246
160
180
é

 t 280 T 292-300

ﬁ';;'.{.

)
(!

0
i

.A‘ #,.
‘Ahﬂ4dw

DATE ORILLED: Aeril, 1973
DEPTH: 300
(FT)
DESCRIPTION OF DEPOSITS
Glacial Drife
Road fI11.

Clay, sandy, pebbly, cobbles,
yellowish=brown, oxidized (zill).

Sentinel Butte Formation

Claystone, silty, light-arav with
yellowlsh-gray mottling, licnite
stringers, oxidized.

Siltstone, greenish-gray, bentoni-
tlc.

Sandstone, silty, very fine,

blulsh-gray, consolidated, ~ica-
eous.

Tonaue River Formation

Siltstone, sandy, medium=licht-
gray to dark brown, lignite
stringers, carbonaceous.

Claystone, siliceous, light-gray,
lenticular, brownish concretions,
noncalcareous.

Sandstone, clayey, bluish-gray to
brownish-gray, consolidated,
micaceous, lignitic, claystore
interbeds.

Claystone and siltstone, inter-
bedded, medium gray to browrish-
gray, bentonitic, fossiliferous.

Sandstone, clayey, very fire to
medium, bluish-gray tn greenish-
gray, loose to consolidated,
friable.

Cannonball Formation

Claystone, siliceous, grayish-
brown, shaly,

Observation well

Depth 293 feet

Sk, 287-293 fret
Water level 157.09 feet
Measured 11-14-73



143-80-36CBB
City of Wilton Well 3
(Log from C. A. Simpson & Son)

Elevation: 2180 feet

Geologic Thickness Depth
source Material (feet) (feet)
TOpSOl | =ror=rraseseccssnsssascnssnsaosscas 8 8
Clay, sandy -Yellow Sr=sresrrssosnsssasasa 83 91
Sand, dirty, clay lenses =-—-=-r--=cssncsevcss 13 104
Shate; Drown ~cR-->Se=srescissnanrsesoaacnonn L 108
NDSWC 8625
LOCATION: 143-80-36CBC DATE DRILLED: April, 1973
ELEVATION: 2150 DEPTH: 180
(FT, MSL) (FT)

POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS

Glacial Drift

0-38 Clay, sandy, silty, pebbly,
cobbles, yellowish=brown,
oxidized (till).

Sentinel Butte Formation

38-70 Sandstone, clayey, very fine
to fine, loose to semi-
consoiidated, yeilowisn=
brown, oxidized.

70-80 Claystone, silty, greenish-
gray, bentonitic.

80-86 Sandstone, clayey, very
fine, bluish-gray.

86-102 Siltstone, medium gray,
lignite stringers, brownish-
gray, carbonaceous shale
beds, calcareous.

Tongue River Formation

102-108 Sandstone, bluish-gray,
consolidated.

108-118 Siltstone, light gray.
calcareous.

118-130 Sandstone, clayey, very fine,
light gray consolidated.

130-160 Siltstone, siliceous, medium
gray to light-brownish-gray,
calcareous.

160-168 Sandstone, clayey, very fine,
light-gray, consolidated.

168-180 Siltstone, clayey, light-
brownish-gray, calcareous.




NDSUVC Liud

LCCATION: 143-81-1AA8 DATE DRILLED:  jugust 1370

ELEYATION: 1839 DEPTH: 149

(FT, M3L) (FT)

POTEMTIAL (M) RESISTAMNCE (OHNS DESCRIPTION CF DEPCSITS
" -— ————
. {,?4 i Glacial drift

iyt
;ioTo 0-2 Clay, silty, black (topsoil).
’:;Ooo"o
oo
LI
(er) S
D o 0
G
909_0

7
.

‘0.0, 5 2-5 silt, clayey, sandy, pebbly,
0o ¢ 20 yellowish-gray (till).
B0
>0 5-18 Clay, silty, sandy, pabbly,
oY moderate-olive-brown (till).
@5“?~ 18-80 Clay, silty, sandy, pebbly,
P 2 olive-gray; scattered lignite
L and isolated sand lenses (till)
s <:§%;;>
— 80 \.7 80-112 Sand, very fine to fine,

silty, subrounded.

&,

‘- o
. 100 C_’% Cannonball Formation
-

112-140 Siltstone, micaceous, carbona-
ceous, light-gray; interbedded
with greenish-gray sandstone.

b=



NDSWC 4107

LOCATION: “‘3-81-ZBBB| DATE DRILLED: Auqust 1970
ELEVATION: 1710 DEPTH: 280
(FT, MSL) (FT)
POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS
bo "o
g
P ooy

Sand, silty, black (top-
soil).

oot 20
$a Gravel, fine to coarse,
sandy, subangular to sub-
rounded.

T
°,
‘e

-of~ 40

Clay, silty, sandy, pebbly,
light-olive-gray (till).

Clay, stiff, olive-green,

—~ 60 Gravel, fine to medium,
sandy, subrounded.

Clay, silty, sandy, pebbly,
lignitic, olive-gray; gravelly
from L4-48 ft, (till).

61-94 Clay, silty, plastic, olive-
gray, laminated (fluvial?).

94-110 Sand, very fine to fine,
silty, lignitic, dark-gray.

NPT U3
g.p:'nbﬂnboién ot

~ 100

110-124 Clay, silty, olive-gray.
laminated; interbedded with
silty clay.

124-131 Sand, very fine to fine,
silty, lignitic.

131-134 CISV, silty, plastic, olive-
gray.

134-257 Sand, very fine to fine,
silty.

~ 180

Hell Creek Formation

257-264 Sandstone, fine, caicareous,
dark-gray.

N-UG Sandstone., fine, clayey,
greenish=-gray.

276-280 Sandstone, fine, dark-
—- 280 greenish=-gray.




Elevation:

Geologic
source

143-81-2888,
NDSWC 8949

1715 feet

Material

Glacial drift:

Elevation:

Clay, sandy, pebbly, yellowish-brown,

oxidized (till) ==e==ccecccccccmmnmcanaaana
Gravel, fine to medium, sandy, oxidized =----
Clay, silty, pebbly, olive gray (till) =-----
Sang . fine 0 cHAPSE ~~resnsiseskonsnnennnrw-
Clay, silty, pebbly, olive gray, (till) =-----
Gravel, about 20 percent sand, fine to

coarse, clay layers, loose =~=====-re=c-=--
Clay, silty, pebbly, olive gray (till) ------

Observation well

Depth 40 feet

S.1. 37-40 feet

Water level 35.96 feet
Measured 11-14-73

143-81-28CC,
NDSWC 3897

1710 feet

Glacial drift:

Sand, medium to coarse, gravelly =-=---=-=----
Silt, clayey, sandy, dark=brown =====-======<
Clay, silty, light-gray to bluish-gray =-----
Sand, clayey, dark-brownish-gray ==-=-=-==------

Clay, silty, plastic, fossiliferous,

variegated gray and brown =---==--==sc-======

Sand, fine to very coarse; interbedded with

fine to medium gravel s==sesesssesmca=s—ec=
Sand. Tlne ta comtsa ~ ir<rivesreisnancarenn=

Silt, olive-gray; interbedded with fine

sAndLand Clay <FosriuscsnsssemsiisSeatannds

Gravel, fine to coarse, sandy, subangular

£0 subrolinded S<-msSreisatasssnionssacnanes

Hell Creek Formation:
" Shale, silty, sandy, hard, carbonaceous,

noncalcareous to slightly calcareous,

variegated gray, green, and brown -==--=-=--

Observation well

Depth 258 feet

S.1. 252-258 feet
Water level + 0.36 feet
Measured 10-29-73

143-81-28CC,
NDSWC 3898

Elevation: 1710 feet

Geologic
source

Material

Glacial drift:

Sand, medium to very coarse, gravelly -------

Clay, silt, and fine sand, fossiliferous,
variegated brown, gray, green, and blue;

Interbadded ~=—=rarssasscamunrennmeesnasaas
Sand, medium to coarse, gravelly -==-=-=====-

Observation well

Depth 34 feet

S.1. 31-34 feet

Water level 7.30 feet
Measured 10-29-73 68«

Thickness Depth
(feet) (feet)
s 5
10 15
13 28
2 30
5 35
10 45
15 60
5 5
3 8
7 15
2 o ¢
10 27
38 65
L 109
140 249
29 278
22 300
Thickness Depth
(feet) (feet)
5 )
28 33
7 Lo



NDSWC 8950

LOCATION 143-81-3ADB

ELEVATION: 1700
(FT, MSL)

RESISTANCE (OHMS)

 POTENTIAL (M4V)

>

=i

e

DATE DRILLED: Movember, 19732

DEPTH: 100
(FT)

DESCRIPTION OF DEPOSITS

oy

0-8

8-24

e

Glacial Drift

Clay, silty, sandy, pebbly, yel-
lowish-brown, oxidized (till).

Sand, silty, very fine to very
coarse, about 20 percent gravel,
partially oxidized.

-

i

i 24-48
- |00
48-67
67-73
73-80
80-100
-69_

Silt, sandy, grayish-black to
black, carbonaceous, noncalcar-
eous.

Sand, very fine to very coarse,
mostly medium, fair sorting,
lignitic.

Silt, clayey, medium gray, soft,

Sand, very fine to very coarse,
about 30 percent gravel, dark
gray, taking water, subrounded.

Gravel, fine to coarse, about 40
percent sand, subrounded, fair
sorting, lignitic, loose, taking
water.

Observation well
Depth 83 feet

S.l. 77-83 feet

Water level 7.91 feet
Measured 11-14-73



: NDSWC 8939
LOCATION:  143-81-38AA DATE DRILLED: October, 1973

ELEVATION: 1703 DEPTH: 260
(FT, MSL) (FT)
POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS

Glacial Drift

0-5 Clay, sandy, pebbly, yellowish=
brown, oxidized (till).

5-21 Gravel, fine to medium, sandy,
dark-yellowish-brown, loose,
caving, taking water.

21-35 Clay, silty, pebbly, olive gray
(eil1).

35-38 Gravel, fine to coarse, cobbles,
clayey.

38-44 Sand, fine to very coarse, clayey,
subrounded.

b4-98 Silt, sandy, medium gray, soft.

98-104 Gravel, fine to coarse, cobbles,
boulders, loose, caving, taking
water rapidly.

SRS e e e
104-128 Sand, very fine to coarse, mostly
medium, subrounded, well-sorted,

thin clay layers, lignitic

128-131 Clay, sandy, medium gray, soft.

131-200 Sand, very fine to very coarse,
mostly medium to coarse, about
20 percent gqravel, subrounded,
moderately well-sorted, lianitic,
a few clay layers.

200-208 Clay, silty, olive gray, soft.

208-220 Sand, fine to very coarse, thin
clay layers, subrounded, liagnitic.

220-247 Gravel, fine to coarse, cobbles,
angular to well-rounded, fair
sorting, some brownish-colored
silicates, lignitic.

Hell Creek Formation

247-260 Claystone, sandy, brownish-gray
with greenish-gray mottling, non-
calcareous.

Observation well

Depth 163 feet

S.1. 157-163 feet
Water level 36.25 feet
Measured 11-14-73

_70_



LOCATION: 143-81-3888

ELEVATION: 1710
(FT, MSL)

POTENTIAL (MV)

NDSWC 8933

RESISTANCE (OHMS)

DATE DRILLED: November 1973

DEPTH: 280
(FT)

DESCRIPTION OF DEPOSITS
e ——— e

Glacial Drift

———ee

L

39-66

66-69
69-86

o

7l
T __86-106
== 106-188

—_—>188-208

208-217

‘,)2|7'227

227-23‘.

>
Ty

-

w20
-.____::::E>

Clay, sandy, pebbly, yellowish-
brown, oxidized (till).

Sand, fine to very coarse, gravel-

ly, oxidized, fair sorting, loose,
taking water.

Gravel, fine to coarse, about 20
percent sand, fair sorting, par-
tially oxidized, taking water.

Clay, silty, pebbly, olive gray,
(eill).

Sand, fine to coarse, subangular.

Clay, silty, pebbly, olive gray
(eit1).

Clay, very silty, olive aray.
Silt, very sandy, mediur gray,
thin sand layers, soft, detrital

lignite chips, highly calcareous.

Sand, very fine to medium, clayey,
subrounded, lignitic.

Clay, silty, sandy, a few pebbles,
olive gray, soft, highly calcar-
eous.

Sand, fine to medium subangular,
lignitic, well-sorted.

Clay, silty, sandy, brownish-gray.

Hell Creek Formation

Claystone, sandy, brownish-gray
to greenish-gray, limestone, con-
cretions, noncalareous.

Observation well

Depth 42 feet

S.1. 39-42 feet

Water leve! 21.96 feet
Measured 11-14-73



NDSWC 8936
LOCATION: 143-81-3CBB

ELEVATION: 1720
(FT, MSL)

POTENTIAL (MV)

My

o

0-3

3-24

24-50

50-78

78-84

84-150

150-155

155-195

195-200

200-205

205-220

Swc FORM ¥ 233 g

——— ap———

B

DATE DRILLED: October, 1973

DEPTH: 220
(FT)

DESCRIPTION OF DEPOSITS

(
Y

Glacial Drift

Clay, sandy, pebbly, gravelly,
dusky yellow, oxidized (till).

Sand, fine to very coarse, gravel-
ly, stained yellowish-brown, loose,
taking water, oxidized.

Silt, sandy, yellowish-brown, soft,
oxidized.

Silt, sandy, olive gray, laminated,
soft.

Sand, very fine to coarse, subt-
rounded, clayey, lignitic.

Silt, clayey, sandy, olive gray.

Gravel, sandy, fine to medium,
subangular, poorly sorted

Clay, silty, pebbly, gravelly,
olive gray (till).

Sand, very fine to coarse, mostly
coarse, subrounded, well-sorted.

Gravel, fine to coarse, cobbles,

sandy, angular to well-rounded,
some brownish-colored silicates.

Cannonball Formation

Claystone, silty, medium gray,
highly calcareous.



143-81-3CCB
NDSWC 8935

Elevation: 1705 feet

Geologic Thickness Depth
source Material (feet) (feet)

Glacial drift:
Sand, gravelly, fine to very coarse,

dark brown, subrounded, oxidized ---------- 3k 34
Silt, sandy, dark-yellowish-brown,

oxidized ==—-=remmarrcncccm e e e 2 36
Silt, pebbly, sandy, olive gray (till) ------ 9 4g

Cannonball Formation:
Claystone, sandy, medium gray, calcareous --- 15 60

143-81-4AAD
NDSWC 8937

Elevation: 1728 feet
Glacial drift:

Sand, fine to very coarse, gravelly,
yellowish-brown, oxidized, loose,

taking water raplidly =s=-==msencmmmccscanw. 34 34
Silt, sandy, dusky yellow, oxidized -=====--- 3 37
Silt, sandy, medium gray, soft =--=========--- 13 50
Clay, pebbly, olive gray, lost circulation,

abandoned (E111] srarassmepdonninbnusanons 50 100

143-81-4ADA
NDSWC 8938

Elevation: 1725 feet

Glacial drift:
Sand, fine to very coarse, gravelly,
oxidized, loose, taking water rapidly,
EPET I P ren i sm S 1o SR i e i o v e 28 28

Silt, yellowish-brown, soft, oxidized ==-=-=-- 10 38
Silt, olive gray, soft, lost circulation,
ADRIRIERNG ool o ok i o e o e 2 ko



NDSWC 8932
LOCATION: 143-81-4ADD

ELEVATION: 1720
(FT, MSL)

POTENTIAL (MV)

20

Pl /“MJ\

F—

RESISTANCE (OHMS)
e

40 S
B 0-9
9-27
60
b
e 27-35
eo&( 35-37
g 37-39
100 39-43
K
/’
e
43-60
-L-—f::D
|2° \Lﬁ 60'75
P L

R T5-1s

i

115-138

DATE DRILLED: October, 1973

DEPTH: 300
(FT)

DESCRIPTION OF DEPOSITS

’
<

S ——

¢
3
!
/
_—/————"'}

—

<’—‘——~/€T_———E;:;ial Drift

Clay, sandy, pebbly, dusky yellow,
oxidized (till).

Gravel, fine to coarse, sandy,
subangular to rounded, oxidized,
taking water.

Silt, sandy, yellowish-brown,
oxidized.

Sand, very fine to medium, oxi-
dized.

Silt, sandy, yellewish-brown, scft,
oxidized.

Sand, fine to very coarse, dark-
yellowish-brown. well-sorted.
oxidized.

Silt, sandy, olive gray, soft.

Silt, sandy, medium gray, lamin-
ated, soft.

Clay, pebbly, olive aray, (till).

Gravel, fine to coarse, sandy,

clay layers, cobbles, angular to
well-rcunded, fair sorting, some
brownish silicates, taking water.



LOCLTON:  143-81-4ADD

ioN: 1720

North well

STANCE (OHRMS)
e

DATE DRILLED: Cctober, 1973

DEPTH: 300
(FT)

DESCRIPTION OF DEPOSITS

g

138-152

152-269

269-282

282-300

Depth 173 feet
~S.1. 167-1723 feet
Water level 48.18 feet

Measured 11-14-73

_75_

Glacial Drift (Continued)

Silt, sand layers, medium gray,
laminated, soft.

Sand, very fine to very coarse,
mostly fine to medium, subrounde
well-sorted, a few thin clay

layers, lignitic, taking water.

Gravel, fine to coarse, about 3I
percent sand, cobbles, fair sor:
ing, angular to well-rounded,
brownish-colored silicates, loo
caving slightly, taking water.

Hell Creek Formation

Claystone, silty, brownish-gray
thin greenish-gray sandstone be
ding, noncalcareous.

Observation wells

South well
Depth 263 feet

S.1. 257-263 feet
Water level 47.L44 feet
Measured 11-14-73



NDSWC 2695
LOCATION: 143-81-4BDA

ELEVATION: 1680
(FT, MSL)
POTENTIAL (MV) RESISTANCE (OHMS)

b5 2
028
.02
o QO.
Os
(=1
“eoq 20
LY 9

o 0
*® 0
0.9 ® o

AN\

- 40

— 60

100

120

L 140

= 160

DATE DRILLED: July 1367

DEPTH:
(FT)

190

DESCRIPTION OF DEPOSITS

Glacial Drift

0-1 Clay, silty, sandy, grayish=-black
(topsoil).
1-16 Clay, silty, sandy, light-brown

(ei11).

Clay, sandy, silty, pebbly, olive-
gray (till).

Gravel, fine to medium, clayey.

Clay, silty, bluish-gray to olive-
brown (lacustrine).

Sand, very fine to fine, angular
to subangular.

Clay, silty, lianitic, dark-gray
to brownish-black (lacustrine).

Sand, fine to medium, ancular to
subrounded; clay lenses 104-106
and 139-145 feet.

Cannonball Formation

174-190

Sandstone, fine, calcareous,

180

~J5=

S

greenish-gray; interbedded with
noncalcareous olive-gray shale.

Observation well
Depth 160 feet

S.1. 157-160 feet
Water level 8.86 feet
Measured 11-14-73



143-81-4CB8
(Log from U.S. Bureau of Reclamation)

Elevation: 1662.7 feet

Geologic Thickness Depth
source Material (feet) (feet)

Glacial drife:

Clay, silty, brown; slightly plastic =======- 4.4 4.4
Sand, very fine, silty, loose, brown ======-- 10.6 i5
Clay, silty, gray to brown, very plastic =-=--- 2.5 17.5
Sand, very fine, loose, gray ====---==eeeeaa- 2.5 20
Silt, gray, compact =====-====emmmeeaoao___ 2.3 22.3
Sand, medium, some gravel, gray; small clay
seam at 25 feet =--=-===m=mcoccaa__ 75 29.8
Sand, fine, lignitic, loose, gray ===-====--- 9:2 35
Sand, medium, clean, loose, some gravel,
gray === e e 12.6 47.6
Sand, fine to medium, gravelly, loose, gray;
some lignite slack =====-=---mmmeeo_Zo____ 52,1 9.7
Sand and gravel, gray =====-=-=-e-eeoeo_____ 1.5 101.2
Clay, firm, gray; silt lenses throughout =-==-- 18.8 120
NDSWC 8940
LOCATION: 143-81-5AAD DATE DRILLED: October, 1973
ELEVATION: 1665 DEPTH: 100
(FT, MSL) (FT)
POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPTICN OF DEPOSITS
B e R
<:::::;i::""(——_——f_—~”; ﬁ;:rs Alluvium and qlacial drift undifferentiatad
\h\“\ 0-8 Clay, very silty, yellowish-brown,
r\\_1_-___32f£;_2fi?ized.
. >
- ‘_;'ﬁ
=
8-20 Silt, clayey, sandy, olive gray,
soft.

20-36 Sand, fine to very coarse, mostly
medium to coarse, subrounded,
well-sorted, taking water, lig-
nitic.

36-40 Gravel, fine to coarse, sandy,
angular to well-rounded, loose,

= caving.
40-72 Clay, silty, olive gray, plastic,

highly calcareous.

Cannonball Formation

72-100 Claystone, sandy, medium gray
with brownish-gray and dark-
greenish-gray mottling, calcar-
eous.

Observation well
Depth 40 feet

=T S.1. 37-40 feet
Water level 8.54 feet
Measured 11-1-73



LOCATION:  143-81-54DD
ELEVATION: 1666
(FT, MSL)

_POTENTIAL (MV)

RESISTANCE (OHMS)

NDSWC 8941

DATE ORILLED: October, 1973
DEPTH: 240
(FT)

DESCRIPTION OF DEPOSITS

S

%

- 40

“+— 60

- 80

T 100

120

=~ 140

160

;§’ ~ Alluvium and glacial drift undifferentiated

% 0-10

&

Silt, clayey, yellowish-brown,
soft, oxidized.

10-20 Silt, sandy, clayey, olive gray,

soft, highly calcareous.
20-40 Sand, thin clayey silt layers,
very fine to medium, mostly fine,
subrounded, well-sorted, lignitic.
40-98 Sand, clayey silt layers, very
fine to very coarse, mostly medium,
subrounded, well-sorted lignitic,
taking water.
98-102 Gravel, fine to coarse, sandy,
subangular to rounded, fair sort-
ina.
102-163 Silt, sandy, clayey, olive gray,
soft, detrital lignite.

Sand, clayey silt layers, very
fine to coarse, mostly fine to
medium, well-sorted, uniform,
taking water.

Hel!l Creek Formation

Claystone, silty, brownish-gray,
noncalcareous, limestone concre-
tion from 231-232 feet.

Observation wells
East well
Depth 183 feet
S.1. 177-183 feet
Water level 11.15 feet
Mecssured 12-11-73

West well

ept 3 feet
S.1. 77-83 feet

Wat leve]l feet
Mater 16v§1-133;



: NDSWC 8942
LOCATION: 143-81-5DDB

ELEVATION:
(FT, MSL)

1660

_POTENTIAL (MV)

RESISTANCE (OHMS)
G o G
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\\\

-~

f/

i _ST3-18
/IJ
“1\'8‘93

==

N

a~'60

<

2
f 93-104

<:;

e

e

104-120

(f/;
e
=
<

1+ 80

E

=~ 100

=L 120

DATE DRILLED: October, 1973

DEPTH: 120

(FT)

DESCRIPTION OF DEPOSITS

Al luvium and glacial drift
undifferentiated

Silt, sandy, dark yellowish-
brown, soft, oxidized.

Sand, silty, very fine to
medium, subrounded.

Silt, sandy, clayey, olive-
gray, soft.

Sand, thin clayey silt layers,
very fine tc very coarse, sub-
rounded, well-sorted, lignitic.

Gravel, fine to coarse, sandy,
subangular to well-rounded, fair
sorting, much detrital lignite,
loose, caving.

Cannonball Formation

Claystone, sandy, medium=-gray,
calcareous.

Observation Well
Depth 80 feet

S.1. 77-80 feet

Water level 9.75 feect
Measured 11-2-73

143-81-8ACB
(Log from U.S. Bureau of Reclamation)
Elevation: 1665 feet
Geologic
source Material

Glacial drift:
Clay, very silty, gray, slightly plastic --
Sand, very fine, silty, loose, gray
Sand, fine to medium, gravelly from 25-30

feet, lignitic 30-36 feet, gray to
brown
Sand and gravel, gray to brown; medium sand
and fine to medium gravel
Sand, fine, clayey, gray
Sand and gravel, silty and lignitic, gray;
fine sand and medium to coarse gravel ---
Sand, fine to medium, lignitic, gravelly,
loose, gray
Clay, firm, silty, gray

_79_

-

SWC FORM ® 233

Thickness Depth
(feet) (feet)

5 5
4.8 19.8
20.5 40.3
3.4 43.7

143 45

25 70
14.9 84 .3
2 86.9



143-81-8ccC!

(Log from U. S. Bureau of Reclamation)
Elevation: 1668 feet

Glacial drift:
Sand, fine, silty, olive-brown; trace of

BIGY SRS AR i i e o e o 13 13
Sand, fine, silty, olive-brown; silt

decreases with depth ====---ccccccccanaa- 10 23
Sand, fine, clayey, gray ===-==-====c-ce--- 7 30
Sand, fine, gray; trace of silt -~-==e-e--- 5 35
Gravel , sandy, silty, loose —=——=v=e=ez-—eao- 15 50
Gravel, trace of coarse sand; boulder at

54 feet =====mmemccececccccecenecccanaaa- 13 63
Boulder =====msmmecmemce e 1 64
Sand, medium, loose, gray to brown =====--- 6 70

143-81-8ccc2
(Log from U. S. Bureau of Reclamation)

Elevation: 1666 feet

Glacial drift:

Clay, siity, DUff ~mesmsvnsnmmsnnnscnnmeaan= 5 5
Silt, sandy, BUlf -~vrrseenssiscipnmpmetvmsnn 10 15
Sand, fine to medium, silty, gray =-=---==--- 2.1 24 1
Sand, fine to medium, lignitic, loose,

gray ==--==seeesssosecesesscmaccceseneme- 14.6 38.7
Sand, medium to coarse, gravelly, lignitic,

Tolte . Byl ~—Ssr=vsersasnumsnemhnmesnwe 11.3 50
Sand and gravel, gray; medium sand, medium

to coarse gravel ====---e-ccoccaococcooe- 10 60
Sand . fine. siity, lopae, grgy ~~——=S=r===- 10 70

Sand and gravel, gray; sand coarse, gravel

fine, thin lignitic layers at 73.6 feet

and 93.5 feet =========e--ccce-cncaccoo-- 30 100
Clay, Silty, Timm, gray “srrewidpnsvncsicns 17 107.7

143-81-10DAD
NDSWC 3896

Elevation: 1770 feet

Geologic Thickness Depth
source Material (feet) (feet)
Glacial drift:
Topsoil, pebbly, dark-brownish-black ----- 1 ]
Silt, clayey, sandy, pebbly, yellowish-
gray to dusky-yellow (till) ==-e-eee—oaoo 9 10
Clay, silty, sandy, pebbly, olive-brown
(Ei11) =mmmmmmmm e 36 L6
Clay, silty, sandy, pebbly, olive-gray
(E711) =mmmmmm e e e 16 62

Cannonball Formation:
Shale, silty, micaceous, brittle, light-
to medium-gray =========c--cceeoaomooooo 18 80



143-81-11BEB
NOSWC 4106

Elevation: 1768 feet

Glacial drift:

Topsoil, sandy, black =-===-==e=ceccaaaaoo ] 1
Sand, medium to coarse, subangular to
subrounded, reddish=-brown =-======----=-- 25 26

Cannonball Formation:
Shale, silty, sandy, hard, carbonaceous,

dark-gray =--=---==-e-eececccccccecccenan- 35 61
Shale, noncalcareous, hard, light-gray --- 19 80

143-81-14C
(Log from U.S. Bureau of Reclamation)

Elevation: 1663 feet

Glacial drift:

Clay, brown; moderately plastic, sand lenses 5 5
Clay, silty, gray, very plastic =-==<==ce-- 10 15
Silt, clayey, brown, slightly plastic =----- 8 23
Sand, fine to medium, loose, poorly graded,

gray; clay lenses throughout =========--- 17 4o
Sand, medium, loose, poorly graded, gray;

some gravel -----e--eemcccmmcmmmem——ee—e 8 48
Sand, fine, silty, loose, gray ===========- 6 54
Sand and gravel, buff; fine to medium sand

and fine to medium gravel =-=-=-===-c---- y % 61.7

" Cannonball Formation:
Shaleé. $O¥t to Tirn, Gray ~=ssersscpcsisics 10.2 71.9

143-81-15B86B
(Log from U.S. Bureau of Reclamation)

Elevation: 1713 feet

Geologic Thickness Depth
source Material (feet) (feet)

Glacial drift:

Silt, clayey, gray to brown =------==-c-e- 4.6 4.6
Clay, very silty, sandy, gray to brown,

slightly plastic ==-====cecccccaccacaan" 1.4 16
Clay, plastic, gypsiferous, gray to brown,

fine sand and silt lenses throughout =--- 20.5 3%.5

Cannonball Formation:
Shale, sanly . Fivm, gray ~——--—==re=cceses 9.2 45.7

-8]_



143-81-15CCC
(Log from U.S. Bureau of Reclamation)

Elevation: 1728 feet

Glacial drift:

Silt, clayey, gray =---======-=-e-e-e-cacoo- 5
Clay, silty, plastic, gray-brown ----==--- 5
Silt, loose, gray =—===e=-se-ccemcccnc=c=- 2
Gravel, medium, clayey, buff -~=r=erewos-o 1
Clay, silty, sandy, gray ==--=<==c-racea-- 3
Clay, firm, plastic, gray-brown; silt lenses
throughout =-===e=sescrccccoccccccacaaa- 24 .6
Cannonball Formation:
Shale, sandy, firm, plastic, gray =-==------ 20.1
143-81-16CCC
(Log from U.S. Bureau of Reclamation)
Elevation: 1661 feet
Glacial drift:
Clay, silty, plastic, brown ==r=-cececmce- b4
Silt, little clay, plastic, brown =====---- 10.7
Sand. floe, Jogee, Baff —-esssssrassarice~ 1.3
Sand, fine to medium, brown; some fine
Grave] s=sessEesmesesssamansnarnSnhee o 10
Sand, fine, brown, lignite fragments at
42 feet ==m====m--=--essmmemcmmcomooo--- 13
Sand and gravel, medium, loose, brown =---- 4.8
Clay, shity, gravelly, grgy s----—s=e=ccwe Vol
Sand and gravel, coarse, siity ~===cccc=-- 13
Sand, fine, silty, gray; some lignite
slack ====--==-===esmcocecccmcoccnnanan=a= 8.1
Sand, fine to medium, buff, some fine
gravel =-sesecccemmemedecccccsscoccoannnn= 21.6
Sand, very fine, gray; streaks of silt
it LignitE slpck ven-asdsswivesunmsmn- 5
Sand, medium, gravelly, gray; streaks of
e 7.6
Sand and gravel, silty, loose, gray;
medium sand, fine to medium gravel ----- 26.1
S1kE. granlly, Jrly “s—sresruenesemennues 1.3
Clay, SV, Flvm, qia = eressinavinnens 20
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143-81-16DEB
NDSWC 2694

Elevation: 1661 feet

Geologic
source Material

Alluvium and glacial drift, undifferentiated:
Clay, silty, sandy, moderate-yellowish=
brown e=-==ecc-ccacccacasccccccnccncana"
Clay, silty, sandy, calcareous, grayish-
olive to olive-gray; scattered pebbles -
Sand, fine to medium, gravelly, subangular
to rounded -----==m--ceccccacccccccnacaa-

Canncnball Formation:
Shale, noncalcareous, medium-light-gray to
moderate-olive-brown; thin sandstone
interbeds from 75 to 80 feet ===-==---a-

Observation well

Depth 50 feet

S. |I. 47-50 feet

Water level 13.41 feet
Measured 12-11-73

143-81-24DDA1
NDGS auger hole 51

Elevation: 1780 feet

Glacial drift:

Silt, sandy, mottled brown =--==-===a=--=-
Sand, silty, pebbly ======eceecccccaaaaann
Sand, coarse, gravelly ==-=e=cecececccaaa-
NO sample ====m=ccccocccceccccccmccee e

Observation well
Depth 17 feet
Water level 5 feet
Measured 10-67

143-81-24DDA2
NDSWC 4105

Elevation: 1780 feet

Glacial drift:

Topsoll, sendy., black s=s-=ssecsseciaszmio=
Gravel, fine to medium, subrounded, black-
Sand, medium to very coarse, subangular to

subrounded, dark-gray -===-s=c=s=asc-cce-
Gravel, fine to medium, subrounded =-======-
Clay, plastic, dark-gray; scattered sand -
Gravel, fine to medium, sandy, subangular

to subrounded; isolated clay lenses -==--

Tongue River Formation:
Shale, silty, sandy, carbonaceous, dark-
gray e===enesemeccccccessesscscrscsncces
Shale, silty, hard, noncalcareous, light-
GHRY e m s e a e S S e e o e

Observation well
Depth 38 feet
Water level 5 feet
Measured 8-70

-83-

Thickness Depth
(feet) (feet)
14 14
6 20
34 54
26 80
1 1
3 4
2 6
11 17
2 2
4 6
14 20
4 24
2 26
14 40
22 62
18 80



143-81-288A8
(Log from U.S. Bureau of Reclamation)

Elevation: 1657.8 feet

Geologic Thickness Depth
source  Material . (feet) (feet)

Glacial drift:

Clay, silty, slightly plastic, brown ===--- 6.5 6.5
Sand, silty, loose, brown ====-=-eecaeeeaoo 8.1 14.6
Sand, fine, loose, gray ===-=-==-ceceeeaaa- 25 39.6
Sand and gravel, brown; medium sand and
fine to medium gravel =-====-ccaceeaeaooo 4.1 43.7
Clay, sandy, plastic, gray ====-==ecceaaa-- 1.3 45
Boulder ======mmmeeme el 1 46
Sand and gravel, medium, silty, buff ====-- 4 50
Clay, gravelly, plastic, gray; boulders =--- 6 56
Sand, fine, clayey, brown ====-eececaaaao-o 4 60
Sand, fine, clayey, gray =-==--==e-ecaeeo-o 7.4 67.4
Cannonball Formation(?):
Clay (shale), silty, firm, plastic ==-====-= 2.6 70
Sand, very fine, silty, gray =-=e-cc-e-ca-- 5.6 75.6
Clay (shale), silty, firm, very plastic,
gray ====eseem e 10.4 86
144-79-29¢cCB
NDSWC 2050
Glacial drift:
Clay, silty, sandy, light-olive-gray =----- 5 5
Gravel, fine to coarse, stained black,
unsQrted --------mecmcecccccecccmccaaaao 5 10
Gravel, sandy, fine to coarse, unsorted --- 10 20
Cannonball Formation:
Siltstone, greenish-gray, mica flakes,
lignitic, slightly calcareous -===-====== 10 30
144-80-15DAD
NDSWC 3830
Elevation: 1795 feet
Glacial drift:
Topsoil, silty, black ======--ecemmmccaaaan 2 2
Gravel, fine, sandy; interbedded with
moderate-yellowish=brown clayey till =---- 15 17
Clay, silty, very sandy, plastic, olive-
gray, scattered pebbles (till) =eeeemaae- 48 65
Cannonball Formation:
Sand, very fine, clayey, carbonaceous,
gréen ======eccccccccccececcescemcecnaaas 5 70
Shale, silty, brittle, medium=-light-gray -- 10 80
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LOCATION: 144-80-18ccC

ELEVATION: 1770
(FT, MSL)

POTENTIAL (MV)

NDSWC 4109
DATE DRILLED: August 1970

DEPTH: 260
(FT)

RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS

%oﬁ

0

0.0
nS¥0“41°

.

aQ

-

‘4~ 80

Glacial Drift

0-1  Silt, pebbly, black (top-
soil).

1-7 Silt, clayey, sandy, pebbly,
yellowish-gray (till).

7-24 Clay, silty, sandy, pebbly,
olive-brown (tillg.

24-31 Clay, plastic, olive-green.

— 31-55 Clay, silty, olive-gray,
laminated (fluvial ?)

55-132 Clay, silty, sandy, pebbly,
lignitic, olive-gray (till).

120

¥ 132-152 Clay, plastic, olive-gray; with
black oily organic clay lamin-
ations,

152-154 Sand, fine, subrounded.

lay, silty, plastic, olive-gray.

160
I -
%, fine to medium, lignitic,
subangular to subrounded.
~ 180
194-208 lay, silty, olive-gray;
Interbedded with thin isolated
sand and silt lenses (till).
R e
~ 200
b= -s=_708-228 Sand, coarse, gravelly angular
subrounded.
7
- 220 (_/E
=
/
240
Hell Creek Formation
— 260

228-232 Sandstone, fine, clayey,
dark-greenish-gray.

232-238 Sandstone, very fine,
clayey, silty, greenish-
gray.

238-260 Shale, silty, sandy,
carbenaceous, noncalcareous
variegated aray, green,
and brown.



144-80-19A8A

NDSWC 4110
Elevation: 1765 feet
Geologic Thickness Depth
source  Material (feet) (feet)

Glacial drift:
Sand, fine to coarse, subrounded, yellow-

ish-gray; dry ==e-eemmeemoo o ________ b 4
Clay, silty, sandy, dusky-yellow (till) --- 7 11
Sand, medium to coarse, subrounded, light-

Gray =-cesemcccmcmccccmcnstcanmcnnne——n B 15
Clay, silty, sandy, pebbly, light-olive-

gray (£il1) eecmmmmameoeo L 12 27

Clay, silty, sandy, pebbly, olive-gray;

lensed with fine to medium lignitic

sand (ti11) —cmmmmmmem .. 28 55
Clay, silty, olive-gray; contains light-

gray laminations alternating with black

organic material ==--meemeeaoo L ____ 117 172
Gravel, fine to medium, sandy, angular to
subrounded =====-eemmmee L 100 272

Hell Creek Formation(?):
Shale, silty, hard, noncalcareous, medium-
Qray ==-c--esecccccceccccccecccccccm——— 28 300

Observation well
Depth 268 feet
Slotted 238-268 feet
Water level 2 feet
Measured 8-70

144-80-26BBB1
NDGS auger hole 49

Elevation: 1770 feet

Glacial drift:
Sand, coarse, gravelly =-==mceeecocmaao .- 6.5 6.5

‘Observation well
Depth 15 feet
Water level 5 feet
Measured 10-67
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144-80-26BB82
NDSWC 3891

Elevaticn: 1770 feet

Glacial ‘drift:
Gravel, fine to coarse, sandy; cobbles and

boulders ====-=memmmcm e 17 17
Sand, coarse, gravelly, subrounded -------- 6 23
Clay, silty, olive-gray; scattered sand

and pebbles (till) ==-=mecccmmamacanaao 24 L7
Gravel, fine to medium, sandy, angular to

subrounded =======---mmmcmmmeeeeeeeee 4 51

Cannonball Formation:
Shale, carbonaceous, medium-gray to brown-
ish-gray; interbedded with silt and sand- 29 80

144-80-26BCB
Test hole 8952

Elevation: 1785 feet

Geclogic Thickness Depth
source Material (feet) (feet)

Glacial drift:
Gravel, fine to coarse, about 30 percent
sand, stained yellowish-brown, loose,

caving, taking water rapidly =====-=--- 21 2
Clay, silty, pebbly, olive gray (till) -- 39 60
Cannonball Formation:
Claystone, sandy, medium gray, calcareous 20 80
144-80-26BCC
NDSWC 3892

Elevation: 1795 feet

Glacial drift:
Gravel, fine to medium, sandy, angular to

subrounded ===-====ccemmmcccmcccaean 8 8
Clay, silty, sandy, moderate-olive-brown;

scattered pebbles (till) ==-=-cecaea--- 16 24
Clay, silty, sandy, olive-gray; scattered

pebbles (till) ====cemecmccmcccccacan- 94 118

Cannonball Formation:
Shale, silty, carbonaceous, brittle,
medium- to dark=gray -=-=-e=--=c-c-co--- 22 140



144-80-26CCC
NDSWC 3893

Elevation: 1835 feet
Glaclal drift:

Silt, clayey, sandy, yellowish-gray te
dusky-yellow; scattered pebbles -------
Clay, silty, dusky-yellow; scattered
sand and pebbles (till) =~--=--c-cee---
Clay, very sandy, silty, olive-gray;
scattered pebbles (till) ====--=---===---
Clay, silty, olive-gray; interbedded
with very fine to fine loose sand -----
Gravel, fine to medium, subangular to
subrounded ==rsss=c==crs=Sassosmnsman=e
Clay, silty, plastic, olive-gray to
dark~ol Ivi=gray »=~r=Sveesstiaccmsmnecs
Clay, very sandy, plastic, olive-gray;
scattered pebbles (till) --==---====---

Cannonball Formation:
Shale, very sandy, brittle, medium-gray
to dark-greenish-gray ========--======<
Sand, -very fine, clayey, light-olive-gray
" to light-greenish-gray ==--=-=-======--

144-81-13AAB
NDSWC 3903

Elevation: 1865 feet

Geologic
source Material

Glacial drift:
Road fill =-=ecccemmcccccccccccencnceacao=-
Gravel, fine to very coarse, cobbles,
boulders, sandy, silty clay layers,
vellowish-brown, oxidized, loose,
caving ~=—ressseecscosmcnesessscanseases

Tongue River Formation:

Sandstone, clayey, very fine to fine,
greenish-gray, brownish-black,
carbonaceous shale bedding, friable,

mi caceous, noncalcareous ==-========--=<=
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8 8
24 32
37 69
26 05

9 104

- 108
36 14k

7 151

9 160

Thickness Depth
(feet) (feet)

b B
39 43
27 70



Ph-81-13C0C

AR

HLSWC 3501
Elevation: 1cA55 feet

Glacial drift:
Clay .. slity, sandy, gray —s-=s==-ss=ssesas
Gravel, fine to medium, sandy; interbedded
with silt and clay ==-===-=c=====-----=-=

Clay, silty, sandy, olive-gray; scattered
pabbles (till) ==mmmmmmomccmmmmmmamee

Tongue River Formation:
Sand, very fine to fine, clayey,
micacenys; ‘gresnishrgray ~=ss~rese-=s===

144-81-16DDD
NDSWC 3902

Elevation: 1740 feet

Glacial drift:

Topsoil, pebbly, dark-brown -====-=---==-=

Clay, silty, sandy, dusky-yellow;
scattered pebbles (till) =-====--=--o=--

Clay, silty, sandy, plastic, moderate-
olive-brown; scattered pebbles (till) --

Clay, silty, sandy, plastic, olive-gray; .
scattered pebbles (till) -==--=--w--e---

Cannonball Formation:

Sand, very fine to fine, clayey, micaceous,
carbonaceous, noncalcareous, greenish-
GraY wr sessessnEsedsse@mn e amnniod s eoe

_89_
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144-81-25AAA
NDSWC 2864

Elevation: 1715 feet

Geologic
scurce Material

Glacial drift:

Topsoil, silty, sandy, grayish-black ------
Clay, silty, sandy, dark-gray to dark-
greshish=gray #evorrimbleacteeninaenmmne=
Gravel, fine to coarse, angular to sub-
rounded -=-==e==ss=ccccccmscmececncacccas
Clay, silty, sandy, calcareous, medium-
gray -e-=eessssccscecsscossssscsecnoacmons
Gravel, fine to coarse, sandy, angular to
rounded =-====ccencccmcsncaccnmmeccanoo=o
Clay, silty, calcareous, olive-gray =-----=-

Clay, silty, sandy, calcareous, olive-gray
to medium-dark-gray; scattered pebbles

(£i11) ===mmmme—ecccccmcmemmcm—eoo—om— oo
Gravel, fine to coarse, sandy, angular to

Fotindel: ~=--r-rreaGraneansrmttmnaRseEmEeS
Sand, clayey, siity, olive-gray -=-<s=c====

144-81-25ADA
NDGS auger hole 64

Elevation: 1715 feet

Glacial drift:
Sabd . 3110y S nRaR AR S S S
Sand, medium to coarse, silty, gravelly ---
No sample ==-==sccsssesssccnccccansssennacs

Observation well
Depth 18 feet

Water level 4.04 feet
Measured 11-30-70

144-81-26CCB
NDSWC 3900

Elevation: 1700 feet

Alluvium: '

Clay, silt, and clayey sand, gray; inter-
bedded =-========--c==emmemm-cco--==—oo---

Gravel, fine to medium; interbedded with
clay aad SEIC ~reeosrmasiassssnennansainac

Cannonball Formation:
Shale, silty, sandy, micaceous, carbo-
naceous, noncalcareous, variegated gray,
and ‘Greétn FreskRwssesssnassetheatasesses

Thickness

(feet)

11

16
29

22

oo wn

2
12,5

28

Depth

(feet)

20

36

87

92
100

2
15
25

12

40



LOCATION: Vh4-81-30ACC

ELEVATION: 1665

RZSISTANCE (CHMS)
S

-9]_

1-19

19=32

32-49

68-88

88-100

DATE DRILLED: July 1567
DEPTH: 100
(FT)

DZSCRIPTION OF DZPOSITS

Alluvium and glacial drift,
undi fferentiated

Clay, silty, grayish-black
(topsoil).

Clay, silty, yellowish-brown,

Clay, silty, sandy, olive-
gray to greenish-gray.

Sand, fine to medium,
angular to rounded.

Clay, silty, olive-gray
(lacustrine).

Sand, coarse, clayey,
angular to subrounded.

Cannonball Formation

Shale, noncalcareous,
moderate-brown,

Shale, calcareous, medium-
gray.



144-81-30D8D

NDSWC 8948
Elevation: 1665
Geologic Thickness Depth
source  Material (feet) (feet)
Alluvium:
Sand, very silty, very fine to fine,
subrounded, dark brown ===--=-eeeceaoo-. 20 20
Sand, clay layers, very fine to medium,
subangular, lignitic =-======cecmcaaaaan 9 29

Cannonball Formation:
Sandstone, clayey, fine, yellowish-brown

with medium gray mottling ===-===eeceaa- 9 38
Sandstone, fine, medium gray, siltstone
bedding =====eecccmcm el 22 60
144-81-3000D

NDSWC 8947

Elevation: 1665

Alluvium:
Silt, very sandy, clayey, dark-yellowish-
brown, oxidized ======-=cceaccmcaccaaa. 10 10
Sand, silty, very fine to fine, subangular 6 16

Cannonball Formation:
Claystone, sandy, silty, medium=-light-gray,
calcareous ========mmeccoccmmmaccanaa.. 24 ko

144-81-32BCD
NDSWC 8946

Elevation: 1660
Alluvium and glacial drift undifferentiated:

Silt, very sandy, clayey, dark-yellowish-

brown, oxidized =======ccccccccmcaaaaaa- 12 12
Silt, sandy, clayey, olive-gray, soft ---- 7 19
Sand, clayey silt layers, very fine to

coarse, mostly fine to medium, subroun-

ded, well-sorted =====e=cecmcccacccaaaa- 9 28
Sand, fine to very coarse, gravelly,
subrounded, well-sorted, taking water -- 7 35

Gravel, fine to coarse, sandy, a few clay
layers, subangular to well-rounded, loose,
caving, taking water =-====--cccceca---o 30 65

Cannonball Formation:
Claystone, sandy, silty, medium-light-
gray, calcareous =====-=se-cccccecccaca- 15 80

Observation well
Depth 50 feet

S.1. 47-50 feet
Water level =52
Measured



NDSWC 8934

LOCATION: 144-81-34CBB DATE DRILLED: October, 1973
ELEVATION: 1745 DEPTH: 120
(FT, MSL) (FT)

POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS

— . Glaclal Drift
/5
/._‘j
0-36 Gravel, fine to coarse, about

36-39

39-66

66-120

144-81-35CBB

NDSWC 3899
Elevation: 1714 feet
Geologic
source Material

Glacial drift:
Gravel, fine to medium, sandy, angular
to subrounded; interbedded with
moderate-olive-brown silt and

Clayey Sl vrs-sossesustnnsroaonseoes
Clay, silty, plastic, moderate-olive-

brown ===e=seececcsccmcsemcmcoccssssaes=
Gravel, fine to medium, subangular to

subrounded ====-=ssescec-cccccmem-ao==

Cannonball Formation:
Sand, fine, clayey, yellowish-green ---=
Sand, fine, micaceous, carbonaceous,
noncalcareous, greenish-gray =-------<=
Shale, silty, sandy, carbonaceous,
variegated gray, green, and brown ----

_93_

30 percent sand, subangular to
rounded, yellowish-brown
staining, oxidized, loose,
caving, taking water.

Clay, very silty, yellowish-
brown, oxidized.

Clay, very silty, olive-gray

with dark-greenish-gray mottling,
a few sand grains, highly
calcareous (till).

Cannonbal! Formation

Claystone, sandy, silty,
medium gray with brownish-gray
mottling.

Thickness Depth
(feet) (feet)

16 16

8 24

15 39

3 42

9 51

29 80



NDSWC 8551

LOCATION: 144-81-35CDD DATE DRILLED: Noverber, 1273
ELEVATION: 1707 CEPTH: 160
(FT, MSL) (FT)
POTENTIAL (M1V) RESISTANCE (CHMS) DESCRIPTION OF DEPOSITS
i - - - ——

~— Glacial Drift

0-6 Silt, sandy, clayey, yellowish-
brown, oxidized,.
6-10 Sand, fine to coarse, subrounded,

<ﬁ} oxidized.
22 10-160 Silt, very sandy, clayey,

=20

medium gray, soft, thin sand
layers, calcareous.

- 40

60

80

100

120

140

160

~gly~



TEST HOLE gg43

LCCATICN:  144-82-16ADA DATE DRILLED: October, 1973
ELEVATION: 1665 DEPTH: 60
(FT, MSL) (FT)
POTENTIAL (MV) RESISTAMCE (CHMS) DESCRIPTION OF DEPOSITS
= e G G % O —

————
S

Alluvium and glacial

drift undifferentiated

1 20 0-36 Sand, silty, very fine to
] < coarse, mostly medium, sub-
T~~~ rounded, dark-yellowish-brown,
&___well-sorted, oxidized, taking wate

36-38 Silt, sandy, olive-gray, soft.

- 40

Cannonball Formation

38-60 Sandstone, fine, medium-gray with
light-gray bedding, limey, highly
calcareous.

Observation well
| Depth 30 feet
\ S.l. - 27-30 feet
. Water level 8.06 feet
Measured 12-11-73

1&#-82-]7AAD]

NDSWC 2697
Elevation: 1670 feet
Geologic Thickness Depth
source Material (feet) (feet)

Alluvium and glacial drift, undifferentiated:
Clay, silty, sandy, calcareous, moderate-

yellowish-brown =====-=-ceeec-cccocccoo- 6 6
Sand, fine to medium, lignitic =========-- 28 34
Gravel, fine to medium, angular to sub-

rounded --====~=seecemceme-oo-o-ceoooone- 8 42

Cannonball Formation:
Shale, noncalcareous, medium-light-gray -- 18 60

Observation well
Depth 41 feet
S.1. 38-41 feet
Water level 6 feet
Measured 8-67



2T

NDSWC 894k
LOCATION:  144-82-17A4D,

ELEVATION: 1660
(FT, MSL)

POTENTIAL (%V) RESISTANCE (OHMS)

e i ——

~——

<

Eoy -

=
J 0-33
§

1+ 20

°.°5‘° P 40
Peoe 33-46

46-60

-96-

DATE ORILLED: October, 1973

DEPTH: 60
(FT)

CESCRIPTION OF DEPOSITS

Alluvium and glacial drift

undifferentiated

Sand, slightly clayey, very
fine to very coarse, well-
sorted, subrounded, dark-
yellowish-brown staining,
taking water.

Gravel, fine to coarse, about
30 percent sand, subangular
to rounded, well-sorted,
taking water, loose.

Cannonball Formation

Sandstone, clayey, very fine,
light gray, highly calcareous,
consolidated.

Observation well
Depth 40 feet

S.1. 37-40 feet
Water level 7.53 feet
Measured 12-11-73



NDSWC 8945

LOCATION: 144-82-22AAB DATE DRILLED: October, 1973

ELEVATION: 1665 DEPTH: 219

(FT, MSL) (FT)

~ POTENTIAL (MV) RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS
.

Alluvium and alacial drift
undi fferentiated

Clay, sandy, silty, dark-
yellowish=brown, oxidized.

Sand, clayey silt layers,
very fine to coarse, mostly
medium to coarse, subrounded
well-sorted, light brown,
taking water, oxidized.
<"£¥f’

5]

Gravel, fine to coarse, about
20 percent sand, moderately
“ well-sorted, subangular to

_’____———f—‘szﬂ;ell-rounded, taking water,
Seas ., much detrital lignite.
/8)1;-131;

Sand, clay layers, very fine
to very coarse, mostly medium
to coarse, subrounded, well-
sorted, much lignite.

134-162 Silt, very sandy, clayey, light-
olive-gray, soft, highly calcar-
eous .

162-200 Sand, clayey silt layers, very
fine to coarse, subrounded, well-
sorted, some lignite.

Cannonball Formation
200-210 Sandstone, light-olive-gray,
fine, cemented, highly calcareous.
Observation wells
East well West well
Depth 183 feet Dept feet

S.1. 177-183 feet
Water level 7.85 feet
Measured 11-14-73

S.1. 67-70 feet
Water level 5.14 feet
Measured 11-14-73



NDSWC 3731

LOCATION: 144-82-22ACC
ELEVATION: 1670
(FT, MSL)
POTENTIAL (MV) RESISTANCE (OHMS)
'_'§=—_’

\

v

[

SWC FORM ® 233 g

<
=3

q—'hf

8-
e

8
4

98

211-240

DATE DRILLED: July, 1963

DEPTH: 240

(FT)

DESCRIPTION OF DEPOSITS
Alluvium

Clay, silty, yellowish-gray.

Sand, fine- to coarse-grained,
silty, lignitic, carbonaceous,
gray.

Glacial drift

Sand and gravel, lignitic.

",///[ 98-199 Sand, fine- to coarse-grained;

centzins a few thin beds of
detrital lignite and gravel.

Clay, silty, olive-gray.
Sand and gravel.

Cannonball Formation

Claystone and siltstone, sandy,
light-olive-gray.



144-82-23888,

NDSWC 2688
Elevation: 1665 feet
Geologic Thickness Depth
Source Material (feet) (feet)

Alluvium:

Sand, very fine- to medium-grained, clayey,
dark-yellowish-brown ---===-=-=------c---- 25 25

Glacial Drift:
Sand, fine- to very coarse-grained, pebbly,

lignitic, dark-greenish-gray -------=----- 24 4g

Cannonball Formation:
R e e b 2 51
Claystone, sandy, silty, dark-greenish-gray- 19 70

Observation well
Depth 38 feet

Water level 12 feet
Measured 8-67

Well destroyed 9-67

144-82-23888,
NDSWC 2901

Elevation: 1665 feet
Alluvium:

Topsoil, sandy, gravelly, brownish-black --- 5 .5
Clay, very sandy, silty, moderate-
Yellowishebrowm < = sesamccsemnsanumamenes 5.5 6

Glacial Drifet:
Sand, very fine- to medium-grained -------=- 38 L4
Sand, fine- to coarse-grained, pebbly =------ 10 54

Cannonball Formation:
Shale, sandy, calcareous, medium-bluish-
DR e R e e Sty iy e 6 60

Observation well

Depth 51 feet

S.1. 48-51 feet

Water level 10.22 feet
Measured 12-15-66 -g9g9-



NDSWC 3729

LOCATION:  144-82-23DDD
ELEVATION: 1670
(FT, MSL)

_POTENTIAL (MV)

e

0-18

RESISTANCE (OHMS)
0

-2

18-70

8

(’—"”_—7—0-7

5 —
R =

78-140

z
&

140-214

DATE DRILLED: July, 1969

DEPTH: 240
(FT)

DESCRIPTION OF DEPOSITS

Alluvium
Sand, fine- to medium-grained,
silty, clayey, organic,
yellowish=-gray.

Glacial drift

<==::;~____t%1-§—_—~3

cemr—
Sand, medium- to coarse-
grained, lianitic, light-olive-
gray.

Clay, sandy, silty,
carbonaceous .

Sem—

npm——
—

Sand and gravel, fine- ro
coarse-grained, lignitic.

Sand, medium- to coarse-
grained, pebbly, lignitic;
thin beds of gravel.

Cannonball Formation

214-240

Swc FoRM * 233 g

Claystone, silty, sandy,
calcareous, gray.

Observation well
Depth 203 feet
S.1. 197-203 feet
Water level 4 feet
Measured 8-69
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