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SELECTED FACTORS FOR CONVERTING
INCH-POUND UNITS TO THE INTERNATIONAL SYSTEM (SI)
OF UNITS

For those readers who may prefer to use the International
System (SI) of units rather than inch-pound units, the

conversion factors for the terms used in this report are given

below.

Multiply inch-pound unit By To obtain SI unit
Acre 0.4047 hectare (ha)

Foot (ft) 0.3048 meter (m)

Inch (in.) 25.40 millimeter (mm)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geo-
detic datum derived from a general adjustment of the first-order
nets of both the United States and Canada, formerly called "Mean
Sea Level.,"

vi



GROUND-WATER DATA FOR SELECTED COAL

AREAS IN WESTERN NORTH DAKOTA

By
James D. Wald
and

Steven W. Norbeck

ABSTRACT

Ground-water data are provided in this report for the
Sand Creek-Hanks, New England-Mott, Dickinson, and Bewman-
Gascoyne coal areas, western North Dakota. The report contains
the following: (1) Maps showing the location of wells, springs,
and test holes; the location of wells and test holes where
drillers' logs are available; and the location of wells with
chemical analyses; and (2) tables showing well, spring, and test-
hole records; logs; and chemical analyses of water. Descriptions
of the location of data-collection sites and methods used to

collect data are included.



INTRODUCTION

The U.S. Geological Survey conducted a ground-water inven-
tory in selected areas of the Fort Union coal region of western
North Dakota (fig. 1) to provide information to the Bureau of Land
Management as an aid in making leasing decision. The inventory
was made possible by funds from the U.S. Geological Survey
Environmental Affairs Office.

The areas of inventory were selected on the basis of coal
availability and Bureau of Land Management interest. These are
areas of probable development in the near future, and a data base
of premining hydrologic conditions is necessary to evaluate
probable impacts.

This report includes previously collected data as well as
that collected under the present project for four areas in the
Fort Union coal region of western North Dakota. These areas
are: Sand Creek-Hanks, New England-Mott, Dickinson and
Bowman-Gascoyne. The data are compiled by area at the end of the

report.
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Location-Numbering System

The location-numbering system used in this report is based
on the public land classification system used by the U.S. Bureau
of Land Management. The system is illustrated in figure 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, southwegt, and southeast
quarter section, quarter-quarter section, and quarter-quarter-
quarter section (10-acre or 4-ha tract). For example, well
154-103-15ADC is in the SWY4SEL/4NELl/S4 sec. 15, T. 154 N., R. 103 W.
Consecutive terminal numerals are added if more than one well or

test hole is recorded within a 10-acre (4-ha) tract.



154-103-15ADC

oo
B

FIGURE 2.—Location-numbering system.



Logs of Wells and Test Holes

Logs collected from water-well driliers, North Dakota State
Water Commission, and other sources are included in tables 2, 5,
8, and 11, and locations are shown in figures 4, 7, 10, and 13.
Minor changes in word order have been made on some of the drillers'
logs. Most test holes and some municipal, industrial, and
private wells have geophysical logs in addition to a description
of the material penetrated. The geophysical logs are useful
for correlation of geologic units. Grain-size determinations
refer to the Wentworth (1922) size scale. The color descriptions
were determined by comparing fresh samples with the Geological
Society of America's rock color chart (1963).

Previously published logs are not included in this report
and may be found in the County Ground-Water Studies series listed
in the Selected References section of this report (See Anna,

Armstrong, Croft, and Schmid).



Water Quality

The mineral constituents and physical properties of water
are reported in tables 3, 6, 9, and 12, and locations are shown
in figqures 5, 8, 11, and 14. Water samples were obtained from
privately owned wells and from the North Dakota State Water
Commission observation wells by airlift or a submersible pump.
Generally, sufficient water was pumped to clear the well column
before the sample was collected in a polyethylene bottle. For
those metals considered unstable, a separate sample was filtered
and acidified before transport to the laboratory. Methods of
chemical analyses were generally those described by Brown and
others (1970) and Skougstad and others (1979). The results are
expressed in milligrams per liter (mg/L) or micrograms per liter
(ug/L). A microgram per liter is one- thousandth of a milligram

per liter.



L XPLANATION OF TABLES AND METHODS OF DATA COLLECTION

The data in this report are listed in tables 1-12. The
points of collection are shown in figures 3-14., The data consist
of the following: (1) Geologic and hydrologic records of wells,
springs, and test holes; (2) lithologic logs of test holes and

wells; and (3) chemical analyses of ground water.

Records of Wells, Springs, and Test Holes

Records of selected wells, springs, and test holes and are
given in tables 1, 4, 7, and 10, and locations are shown in
figures 3, 6, 9, and 12. MWell depth is the depth of casing for
open-bottom wells or the base of the deepest well screen for
screened wells. Many test holes were converted to observation
wells for periodic water-level measurements and water-quality
sampling. At some sites several observation wells were installed
in order to obtain water levels and water samples from several
aquifers. The observation wells were constructed of 1 1/4-inch
(32mm) plastic casing with 3- or 6-foot (0.9- or 1.8-m) screens,
2-inch (51-mm) steel or plastic casing with 6-, 12-, or 18-foot
(1.8-, 3.7-, or 5.4-m) screens, 4-inch (102-mm) steel casing with
open-bottom completion, or 4-inch (102-mm) plastic casing with
10-foot (3-m) screens. The observation wells were developed by
backwashing with trisodium phosphate and were then pumped a mini-
mum of 8 hours for development before water samples were

collected for analysis.



Drinking-water standards have been recommended by the National
Academy of Sciences-National Academy of Engineering (1972) at the
request of the Environmental Protection Agency. Standards for
public drinking-water supplies were established by the U.S.
Environmental Protection Agency (1976). These standards include
the following recommended limits: iron (Fe), 300 ug/L; manganese
(Mn), 50 ug/L; sulfate (SOg4), 250 mg/L; and chloride (Cl1), 250 mg/L.

The following summation for farmstead use is modified from
the Federal Water Pollution Control Administration (1968, p.

116) and the National Academy of Sciences-National Academy of

Engineering (1972).



Mineral Constituents in Solution

Silica (Si0p)

Weathering processes dissolve silica from practically all
rocks. Silica affects the usefulness of water because it can
contribute to the formation of scale in pipes, water heaters, and

boilers in the presence of calcium and magnesium.

Iron (Fe)

Iron compounds are common in rocks and may be leached by
ground water. Water containing more than 300 ug/L of iron, after
exposure to air, may become discolored. Reddish-brown stains on
porcelain or enamelware and fixtures and on fabrics washed in the

water result from the iron.

Manganese (Mn)

Manganese in concentrations as low as 200 ug/L may cause a
dark-brown or black stain on fabrics and porcelain fixtures.
Ground water that contains high concentrations of iron may also

have considerable amounts of manganese.

11



Calcium and Magnesium (Ca and Mg)

Limestone and dolomite rocks are the principal source of
calcium and magnesium in natural water. Calcium and magnesium
cations cause water hardness and, with anions, can form scale on

utensils and in water heaters, boilers, and pipes.

Sodium and Potassium (Na and K)

Sodium and potassium are present in many igneous and
sedimentary rocks. Sodium dissolves readily and when brought
into solutjon it tends to remain in solution. Potassium is
dissolved with greater difficulty and exhibits a stronger
tendency to be reincorporated into solid weathering products,
especially clay minerals. In most natural water the
concentration of potassium is much Tower than the concentration
of sodium. Water that contains a large proportion of sodium
salts is generally unsatisfactory for irrigation. The presence
of several hundred milligrams per liter of sodium in water can
make it unsuitable for use in sodium-restricted diets (North

Dakota State Department of Health, 1962).

12



KEY WATER QUALITY CRITERIA FOR FARMSTEAD USES

Recommendations (at point of use)

Additional special-

Characteristic General farmstead uses use requirements
Taste and odor------ Substantially free------—-----
Odor---ccecmmoccaeaaa Substantially free------------
PH- e 6.0 to 8.5---ccmmmee - 6.8 to 8.5 dairy
sanitation

Total dissolved
inorganic solids-- <500 mg/L (under certain
circumstances, higher
levels are acceptable)------

Turbidity--=vea-co--- Substantially free------------
Hazardous trace
elements-----c---- Levels in excess of those

shown are grounds for
rejection of supply:

Substances
Arsenic (ug/L)------------ a/50
Barium (pg/L)--=--=--n-- a/1,000
Cadmium (ug/L)------------- a/10
Chromium (ug/L)-------oo--- a/sQ
Cyanides (ug/L)------------- 200
Lead (wpg/L)------===-==---- a/5(
Selenium (pg/L)------=------ a/10
Silver (pg/L)----=nmmmmmmm- a/s0

Other trace
elements----ccoaoo- Levels shown below should
not be exceeded if
alternate sources are

available:
Substances
Manganese (ug/L)---------=--- 50 In dairy sanitation,
Iron (ug/L)----cmmmmmame- 300 water should con-
Copper (ug/L)-----mmmmcmm- 1,000 tain <20,000 ug/L
Zinc (ug/L)-==mmmmmmmmm o 5,000 potassium and <100
Fluoride (ug/L) ug/L iron and

----------- 700-1,200 (2/2,400) copper.
Nitrate (as N) (ug/L)--4/10,000

2/Maximum permitted levels of inorganic chemicals in public water systems
of North Dakota; set by the North Dakota State Department of Health (1977).

10



Bicarbonate and Carbonate (HCO3 and CO3)

Bicarbonate and carbonate ions are the major cause of
alkalinity in most water. The significance of alkalinity to the
domestic, agricultural, and industrial user is usually dependent
upon the nature of the cations (Ca, Mg, Na, and K) associated
with it. However, moderate amounts of alkalinity do not
adversely affect most uses.

Alkalinity can be calculated from the analyses by using the
formula:

Alkalinity (As CaC03) = 0.82(HC03)+1.67(C03)

Sulfate (S0g4)

Metallic sulfide minerals in both sedimentary and igneous
rocks, are converted to sulfates by weathering. Sulfate may
also be dissolved from beds of gypsum and deposits of sodium

sulfate.

Chloride (C1)

Chloride is present in all natural water, but the
concentrations usually are not great. Chloride may be leached
from sedimentary rocks that were deposited under marine
conditions. Chloride concentrations of 400 mg/L impart a

noticeable salty taste for most people.

13



Fluoride (F)

Fluoride in ground water is probably derived from
solution of fluorite, apatite, and hornblende minerals. High
fluoride content (depending on annual average maximum daily air
temperature) may cause mottling of tooth enamel in childern's

teeth during calcification.

Nitrate (NO3)

The occurrence of high nitrate concentrations in shallow
ground water has been attributed to leaching in feedlots or to
fertilizer from irrigated fields where nitrogen compounds have
been applied. High nitrate content is undesirable in drinking
water because of its bitter taste and it has been reported to

cause methemoglobinemia (blue babies) in infants (Comly, 1945).

Boron (B)

Boron is a constituent of the mineral tourmaline and may be
present in biotite and amphiboles. In small quantities boron is
essential for plant growth. Excessive concentrations in soil and

in irrigation water are harmful for some plants.

Dissolved Solids

The concentration of dissolved solids is calculated from the
weight of residue on evaporation at 180°C from a known quantity

of water.

14



Properties and Characteristics of Water

Hardness

Calcium and magnesium are the principal cause of hardness.
Hardness exhibits the characteristic of requiring greater
quantities of soap to produce a lather as the hardness increasés.
Hard water also can contribute to the formation of scale in
boilers, water heaters, radiators, and pipes, with a resultant
decrease in the rate of water flow and(or) heat transfer.

The hardness that is equivalent to the alkalinity is called
carbonate hardness, and any excess is called noncarbonate
hardness. The carbonate hardness is the quantity that will
contribute scale on heating, and the noncarbonate hardness is the
quantity of hardness that will remain after precipitation of the
carbonate hardness. As a general reference, the U.S. Geological
Survey often uses the following classification of water hardness.

Calcium and magnesium
hardness, as CaC03

(milligrams per liter) Hardness description
0-60 Soft
61-120 Moderately hard
121-180 Hard
More than 180 Very hard

Percent Sodium and Sodium-Adsorption Ratio (SAR)

‘The percent sodium is the percentage of sodium to all other
major cations, expressed in milliequivalents per liter. The
displacement of calcium and magnesium by sodium in soils is

slight unless the percent sodium is considerably higher than 50.

15



The term SAR (sodium-adsorption ratio) was introduced by the
U.S. Salinity Laboratory Staff (1954). Their experiments show
that the SAR relates to the degree water enters into
cation-exchange reactions with soil. Sodium-adsorption ratio is
expressed by the equation:

Nat

SAR i/// CatteMgt+
2

where the concentrations of the ions are expressed in

milliequivalents per liter. The U.S. Salinity Laboratory Staff
(1954) divided water into 16 classes, depending upon the SAR and
specific conductance. The classifications indicate the
usefulness of water for irrigation of different crops on

different types of soil.

Specific Conductance (micromhos per centimeter at 25°C)

Specific conductance is a measure of the ability of water to
conduct an electric current., Approximately 65 to 70 percent of the
specific conductance (in micromhos) is used as an estimate of the
amount of dissolved solids (in milligrams per liter) in water;
howevef this relation is not constant and will vary with the

chemical composition of the water (Hem, 1970).

16



Hydrogen-Ion Concentration (pH)

Hydrogen-ion concentration (activity) is expressed in terms
of pH units. The values of pH often are used as one measure of
the solvent capacity of water.

The hydrogen-ion concentrations affect the corrosivenessvof
water. A pH of 7.0 indicates that the water is neutral, neither
acidic nor basic. Readings progressively lower than 7.0 denote
increasing acidity, and those progressively higher than 7.0

denote increasing alkalinity.

Temperature

Temperature is an important factor in evaluating the
usefulness of water. For example, high temperature precludes its
use as an industrial coolant. Temperature is also important,
for its influence upon concentrations of dissolved gases and
mineral matter in water. Water temperatures given in the tables
are expressed in degrees Celsius (Centigrade). Degrees Celsius
and the equivalent temperature in degrees Fahrenheit are given

in the following table.

17



Degrees Degrees Degrees Degrees Degrees Degrees
Celsius Fahrenheit Celsius Fahrenheit Celsius Fahrenheit
(°C) (°F) (°C) (°F) (°C) (°F)
3.5 38 12.5 54 21.5 71
4.0 39 13.0 55 22.0 72
4.5 40 13.5 56 22.5 72
5.0 41 14.0 57 23.0 73
5.5 42 14.5 58 23.5 74
6.0 43 15.0 59 24.0 75
6.5 44 15.5 60 24.5 76
7.0 45 16.0 61 25.0 77
7.5 45 16.5 62 25.5 78
8.0 46 17.0 63 26.0 79
8.5 47 17.5 63 26.5 80
9.0 48 18.0 64 27.0 81
9.5 49 18.5 65 27.5 81
10.0 50 19.0 66 28.0 82
10.5 51 19.5 67 28.5 83
11.0 52 20.0 68 29.0 84
11.5 53 20.5 69 29.5 85
12.0 h4 21.0 70 30.0 86

18
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TABLE 1.--Records of wells,

springs, and test holes in the

Sand Creek-Hanks coal area.

Owner

COE 301, Corps of Engineers,
test hole number 301

NDSWC 27-776, North Dakota
State Water Commission, test

hole number 27-776

USBR AH-20, United States
Bureau of Reclamation, test
hole number AH-20

USGS, United States Geological
Survey

Water level (feet)

Water level, in feet below or
above (+) land surface

D
F
R

dry
well flows
recently pumped

v v o

Use of water

domestic
irrigation
industrial
public supply
stock supply
test hole
unused

CHWTOZ— I

25

Principal aquifer

111, Holocene
112, Pleistocene
125, Paleocene

ALVM, alluvium

FRUN, Fort Union Formation

GCDF, Glacial drift,
undifferentiated

GLCL, Glacial deposits,
undifferentiated

GRNR, Grenora aquifer

LLMD, Little Muddy aquifer

RAY, Ray aquifer

SNLB, Sentinel Butte Member of
Fort Union Formation

Specific conductance

Value shown is the field specific
conductance measured at the
well at the time of inventory.

Altitude of
land surface (feet)

National Geodetic Vertical Datum
of 1929 (NGVD) is a geodetic
datum derived from a general
adjustment of the first order
level nets of both the
United States and Canada. It
was formerly called "Sea Level
Datum of 1929" or "mean sea
level" in this series of
reports. Although the datum
was derived from the average
sea level over a period of
many years at 26 tide stations
along the Atlantic, Gulf of
Mexico, and Pacific Coasts,
it does not necessarily
represent local mean sea
level at any particular
place.
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TABLE 2.--Logs of wells and test holes in the
Sand Creek-Hanks coal area.

154-101-02ABC
(Log modified from Arcand Drilling, Co.)
Date drilled: 10/18/79

MATERIAL THICKNESS DEPTH
R (FEET) (FEET)
TOPSO T e m e e e e e e e o 1 1
Shale, gray---------ccommmmmm e oo - 15 16
Sand and gravel----m o m e e 5 21
Shale, blue----cmcmm e e e - 72 93
SANdem s m e e e e e 8 101
Sand and gravel-ceem e m oo 15 116

154-101-03CCD

(Log modified from Water Supply, Inc.)
Dated drilled: 03/24/81

Topsoil, black, Silty----ccmommmmmnaao 1 1
Clay, yellowish-brown, silty;

with lots of roCke-cecmomm e e eao oo 21 22
Sand, fine to mediuUm-commc o mm e e o o 9 31
Gravel, fine to coars@-----ccmmmm e 9 40
Sand, fine to COArS@---ccom oo oo 12 52
Gravel, fine to coarse; contains

about 10 percent sand with a few rocks---- 24 16
Clay, medium-gray, Silty---ccemmmmcmccmaanano 4 80

154-101-03CDC
(Log modified from Water Supply, Inc.)
Date drilled: 03/24/81

Topsoil, black, Silty---ccecmmmm e 0.5 0.5
Gravel, fine to coarse; contains

about 20 percent sand----comemmmmmmm oo 14.5 15
Clay, yellowish-brown, Silty----cccemauaaoo- 4 19
Clay, yellowish-brown, sandy, silty--------- 16 35
Clay, yellowish-brown, Silty----coccmmaaaaao 5 40
Gravel, fine to COArS@--ememccmmcce e m e 1 41
Clay, yellowish-brown, sandy, silty--------- 9 50
Gravel, fine to co0Ars@----ceccmmccmccaaooon 2 52
Sand, fine to COArS@---eco o c e 3 55
Gravel, fine to coarse; contains

about 10 percent sand with a few rocks---- 5 60
Clay, medium-gray, Silty--c-ocecommmoaaoacaoooo 5 65
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154-101-03DCC
(Log modified from Water Supply, Inc.)
Date drilled: 03/24/81

MATERIAL THICKNESS DEPTH

(FEET) (FEET)
Sand, fine to medium-----ccmmmm o e 3 3
Clay, yellowish-brown, silty---------------- 18 21
Sand, fine to medium----ccom o m e 3 24
Clay, yellowish-brown, silty--c-occeoucamoo-- 14 38
Gravel, fine to coarse------ceemmcmmmm 1 39
Clay, yellowish-brown, sandy, silty--------- 10 49
Sand, fine to medium-----cccmmmmo o 5 54

Gravel, fine to coarse; contains

about 10 percent sand with a few rocks---- 8 62
T B B e 3 65
Clay, medium-bluish-gray, silty----=--—-c----- 5 70

154-102-10DDD
(Log modified from Arcand Drilling Co.)
Date drilled: 07/15/78
TOPSO T ] mm e e e e e e e o 1 1
Shale, light-gray------cc-cmmmmmmmmm - 61 62
o B R e e R 18 80
Shale, blu@-me e e 15 95
B R e 11 106
Shale, blu@mccmm e o 59 165
- B R T i 2 167
Shale, blu@mcc o e 138 305
Sand, dry-cemcmm e e e oo 16 321
Shale, blu@-coccm o e 18 339
SANd-mm e e e 16 355
Shate, blu@-eecm i e e oo - 5 360
154-102-13AAD
(Log modified from Seidel Service, Inc.)
Date driiled: 06/05/81
Fill dirteccm e i e e e e e 2 2
Clay, brown--eee e oo e 25 27
NY: L R e e T 24 51
R R i 6 57
Clay, brown---c-cocoo oo e e 3 60
0 T g 20 80
Clay, browne-ce e m i e e e e e e e oo 12 9?2
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154-102-13DAA
(Log modified from Arcand Drilling Co.)
Date drilled: 09/11/81

MATERTAL THICKNESS DEPTH
(FEET) (FEET)

TOpSOilmm e e e e e e 1 1

Shale, broWN---c e c e e e o & 28 29

Shale, bluUu@-mccc e e 47 76

T T [ L T e 12 88

Shale, blue; with coal streak-------ccoaao-- 12 100

154-102-14DDA

(Log modified from Arcand Drilling Co.)
Date drilled: 04/24/78

TOPSO Tl mmm e e e e e o 1 1
Shale, brown, pebbly--cocom e 23 24
Shale, Ssandy-----cccmmmmmm e e et n oo 3 27
Shale, brown----c e e 27 54
SANd e e e m e o 10 64
Shale, blU@--cmmm e e 52 116
Shale, sandy------cccmmmm e e 8 124
T N R e 14 138
Shale, blu@-ccmmm e e 8 146
154-102-22ADD

(Log modified from Arcand Drilling Co.)
Date drilled: 12/29/80

LN Y o B e 1 1
Clay, brown, sandy----cccccommcm e eccecee 21 22
SANd-cc e c e e e o 4 26
Shale, brown----ccmcm oo 26 52
SanNdsStoNe-me s e e 2 54
Shale, browne--cccc e e - 14 68
Shale, blu@-ce e m e e 22 90
o E e i 8 98
Shale, blUu@--eec e e o2 53 151
Coalmmm e e e e o - 3 154
Shale, blue; with coal streakS---w-c-ccceaa-- 16 170
Shale, blUu@--mcc e e e e 65 235
Sand streaks and coal streaks----=-ceccoaaao 62 297
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154-102-23CCB
(Log modified from Seidel Service, Inc.)
Date drilled: 06/17/80

MATERTAL THICKNESS DEPTH
T T (FEET) (FEET)
L B B B i e 1 1
Clay, DrowWNn - e e e e 15 16
SANd-cmm e m e m e e e oo - 4 20
Clay, blUu@-cmmm e e o o 34 54
T B T R R 7 61
Clay, blu@-emc o e e e e o - 70 131
oAl mm e e 6 137
Clay, DlU@-mmm e e e e e e oo - 46 183
T R T R 2 185
Clay e e e e e e - - 2 187
154-102-23CDD
(Log modified from Arcand Drilling Co.)
Date drilled: 05/17/78
TOpPSOtl mm e e oo 1 1
Shale, brown, pebbly--ceceomm oo 40 41
Sand; with a little gravel--ccecoomcmoma- 34 75
Shale, broWwn-----cce e - 9 84
(T e 5 89
Shale, blU@--cc e e oo o - 95 184
T B L e e T 13 197
Shale, blu@--c i e m e - 5 202
ROCK == m e s e e e : 2 204
Shale, bluUu@mecmm e e oo ' 34 238
Sand streakS------cmmmm e 18 256
Sand, fine--ccccmm e e 5 261
Shale, gray-------c-cmmmmmm e m e 10 271
154-102-240D8B
(Log modified from Arcand Drilling Co.)
Date drilled: 12/28/79
TopSO Tl mm e e e e e e e oo 1 1
Shale, brown, pebbly--cccmemcmm e - 20 21
Shale, blu@--mmec o e 30 51
T B I e L L 3 54
Shale, blUu@-cmmc e e oo - 48 102
Coalmmm e e - 8 110
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154-102-28ABB
(Log modified from Arcand Drilling Co.)
Date drilled: 04/10/78

MATERIAL THICKNESS DEPTH
T (FEET) (FEET)
TOpPSOi ] mm e e m e e oo - 1 1
Shale, brown-------cmmm e e 55 56
T B I e il 5 61
Shale, blue; with coal streakS---=---eo-co-oo- 25 86
T B T 3 89
Shale, blue; with coal streakS------c-o-coooo- 22 111
Shale, Qray--------------m oo - 35 146
Sand, fine---ccccomm e e e e 2 148
Shale, blu@--cmcmc e e e e e 27 175
Sand, fine--eccmccem e e e e oo 2 177
154-103-05DAD

(Log modified from Arcand Drilling Co.)
Date drilled: 06/23/79

TOPSO T T m e m e e e e 1 1

Shale, brown, pebbly----ccommmmm oo 41 4?2

0 - T I e 9 51

Shale, blu@-memc e e e e 2 53
154-103-07DCA

(Log modified from Arcand Drilling Co.)
Date drilled: 10/25/80

N e B R i 1 1
Clay, brown, pebbly------ccccemmmaeaao 17 18
Clay, brown---e-ecocmc e e e e o 26 44
T B e e 5 49
Shale, blue; with coal streaks-----o-cooon-- 46 95
Shale, fine, sandy-----ccccmmmmmmm e 20 1156
o N R e 11 126
Shale, blu@--ccme e e o 42 168
ol B R e 4 ' 172
Shale, blue; with coal streaks-----cueeoaoaoo 108 280
T N B e T TR 10 290
Shale, blue, sandy-----ccmmmmmcmec o c e 33 323
Sand, fine---cccmm e e e e i oo 10 333
Shale, blU@--cc i e e oo 32 365
Sand, fine---commm oo 16 381
Shale, blue--ooc oo e a oot 4 385
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: 154-103-08AAA
(Log modified from E.C. Gendron & Sons)
Date drilled: 04/08/80

MATERTAL THICKNESS DEPTH
(FEET) (FEET)
Glacial tilleocccmcmm e i e e e e o 60 60
Coal, sand----c--cmmmcm e ) 66
Shale, gray-----------cmmmmmmm e 18 84
154-103-13BCA

(Log modified from Arcand Drilling Co.)
Date drilled: 10/08/80

TOPSOTl s m s m e e e e 1 1
Clay, sandy, pebbly--ceommm o 14 15
Clay, Drowne e e e e oo e e 5 20
Clay, brown, sandy-----cocmmommom oo 55 75
Clay, blU@-cmcm e e e e e e e e e 17 92
o T 9 101
Clay, blu@-cecom e e i e m e oo 36 137
Shale, sandy; with coal streaks----c--cca--oa- 23 160
154-103-13BCB

(Log modified from Arcand Drilling Co.)
Date drilled: 10/10/80

TopSOi e s m e e e e 1 1
Clay, sandy, pebbly---ccmmmmm oo 15 16
Clay, brown, sandy-----cemommmoam oo 47 63
1T B B T R - 1 64
Clay, blu@-cecmm e e e e e e e 33 97
Shale, blue; with coal streakS-~--c-vceoceooan 18 115
Shale, blu@-ccomom e 18 133
Clay, blue---w-=--- R 14 147
Shale, sandy; with coal streaks-----cac-co-- 43 190
T N T e T T 6 196
Shale, sandy; with coal streaks------------- 23 219
Sand, fine--comom oo o 4 223
Clay, blu@-cc e e e e e a e 7 230
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154-103-21CDD
(Log modified from Arcand Drilling Co.)
Date drilled: 08/26/78

MATERIAL THICKNESS DEPTH
T (FEET) (FEET)
TOPSO0i Tl mmm e r e e e o o 1 1
Shale, brown, pebbly---------cc-ccm—- 5 6
Sand and gravel---cemmecmm e e e m 11 17
Shale, gray---------cocmmmmm e e oo 40 57
- N R e e R 5 62
Shale, blUB-c e m e om0 25 87
SANd-cmm e e e 12 99
COAl mmmm e e e e 5 104
Shale, blu@mmmeecm e e e 6 110
154-103-22CCC

(Log modified from Arcand Drilling Co.)
Date drilled: 10/27/79

TOPSOi ] mmm e e e 1 1
Shale, brown, pebbly----ccemmmmmm e 23 24
Shale, blu@-cecmm e e e e 81 105
T B B T 2 107
Shale, blu@--mccmmcr i e o 45 152
T B B e R 4 156
Shale, blue-----ccmmm e o 37 193
Shale, sandy~----ccmmmmm e e e e 12 205
Sand, fin@-cecmmm e e e e o 11 216
o B B e 4 220
154-103-24CCA

(Log modified from Seidel Service, Inc.)
Date drilled: 09/27/80

TOPSOT e e e e e - - 1 1
Clay, brown--ceemmm e e e et 18 19
T N R e T e 2 21
Clay, blue-cccmm i e e e oo 22 43
T B B e e 4 47
R e T 99 146
Sandstone---ccc e e 8 154
I R T e 56 210
T R e 12 222
Claymmmm e m e e e e e 61 283
COAl mm e m e e e 7 290
Clay-—mmmmm e e e et e e a - 22 312
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154-103-2408BB
(Log modified from Arcand Drilling Co.)
Date drilled: 06/17/81

MATERTIAL THICKNESS DEPTH
(FEET) (FEET)
TOPSOilmmm e e e e e e e e - 1 1
Clay, brown, sandy--------c--cccmcmaoa-o 8 9
Clay, brown-----cccocmm oo o 29 38
Coal streakS------c--mmmmmmm oo 22 60
Shale, gray-----c-c-commmmmm i e - 8 68
Sandstone---c-mmmcmmm e oo - 19 87
Sand streaks, fine--c--c-coocmmm oo 65 152
Shale, blue----ccmcm e 15 167
o B e it 4 171
Shale, bluU@-ccmcmm e o 27 198
. R it 7 205
Sand, fine and coal streakS------cccmueo--- 30 235
154-103-24DBD

(Log modified from Arcand Drilling Co.)
Date drilled: 05/16/78

TOPSOT ]l mm e e e e e - 1 _ 1
Shale, brown, pebbly----ccccmmmmmmmeee o 23 24
Coal, SOfl--mcmmci e 4 28
Shale, bluUu@--cr e e e e 44 72
Sande--cmm e e o ——————- - 34 106
Sandstone--cccmme e e — 1 107
SANd-ccmmr e oo 17 124
Shale, green----ccccemmmmm e - 21 145
154-103-34BAA

(Log modified from Arcand Drilling Co.)
Date drilled: 03/31/78

TOPSOT ] e s e e e e e oo - 1 1
Shale, brown---ccce oo 3 4
SANde e m e e e e 2 6
Shale, blue--c-ccom e oo 38 44
0 T 1 45
Shale, blue--------- oo 1 46
o B e 3 49
Shale, blUu@---cmcm oo 5 54
Shale, Tight-brown----ccoemomm e - 13 67
Shale, Ssandy-----cccmmm e e e e - 43 110
Sandstone---c oo mm e oo - 3 113
Sand, fine----ccmmm e e oo 3 116
Sandstone---c o oo e 1 117
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154-104-26CCA
(Log modified from Arcand Drilling Co.)
Date drilled: 10/07/77

MATERIAL THICKNESS DEPTH
(FEET) (FEET)
L R B I 1 1
Shale, bDrown------ccccmm e e oo - 23 24
T N R e 2 26
Shale, brown, sandy-----------coocomoomon 61 87
Shale, blue-sccmcm e e e e - - - 6 93
Sand, blu@--ecmc e e o - 6 99
SandstonN@--cemcmmm e e e 1 100
T R e 7 107
Shale, brOWN---c-eccm i m e m e e e e e e e e - 3 110
155-101-04CCA

(Log modified from Seidel Service, Inc.)
Date drilled: 05/31/79

Dirt, blacK-=comcmmcm e m e e e - 1 1

Clay, DrOWN-- o e e e ee oo 38 39

Yo Lo I B e e T S 8 47

Clay, blu@-cecmmc e e e e oo 35 82

o B B e e e 12 94

Clay, bluUu@-cecc i mc i e e e meeeee o oo 8 102
155-101-078BC

(Log modified from Fixen Water Wells)
Date drilled: 12/27/81

LT R R B R e i P P 2 2
Sand and gravel--c-cecemmmmm e o o , 18 20
Shale and gravel-eecemcmmcmc e e e e e o 6 26
Gravel, dry-~--cocemm e e e e e e e 1 27
Sand and gravel---- - e cmm e e o 13 40
T RV R e e 4 44
N T T Ty 3 47
Shale, sandy--=--ccmmcmm o 13 60
0 B B T T I, 1 61
Shalewomcmmcm e oo - - 35 96
Gravel cmeem e e e e e o 1 97
Shale-cm e e i oo 6 103
T T B T e 7 110
Shale-cc e e - 2 112
O T 6 118
Shal@-c e m e e e e 2 120
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155-101-15AD0D
(Log modified from Kieson Drilling Co.)
Date drilled: 04/15/78

MATERTAL THICKNESS DEPTH
T (FEET) (FEET)
TOPSOTl = e s e m e e e e e oo 2 2
R £ 48 50
Gravel, COAPS@--me oo e e e oo o 2 52
SaANd e m s s e e e oo oo 32 84
Clay, sandy------cmmmm e e e o oo 7 91
N R e L L T 13 104
O R e T e 57 161
N R e L T T SRR 11 172
O N e g 3 175
155-101-15DBD1

(Log modified from Arcand Drilling Supply)
Date drilled: 09/30/78

TOPSOil mm e e e e e e e e e oo 1 1
Shale, brown, pebbly-c-cccomm oo 26 27
o E e T 2 29
Shale, blu@--m e e e e oo 28 57
O B 3 60
Shale, blu@-mm o m oo e oo 11 71
O T B Ty g gy gy S 8 79
155-101-15D8BD2

(Log modified from Arcand Drilling Co.)
Date drilled: 08/27/79

TOPSO Tl mm e e e e e e e o 1 1
Shale, brown, pebbly---cccommmmaa . 45 46
Shale, blue--cmomo oo 10 56
R £ 20 76
Shale, blue--cco oo oo 2 78
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155-101-16CCB
(Log modified from Arcand Drilling Co.)
Date drilled: 03/28/80

MATERIAL THICKNESS DEPTH
(FEET) (FEET)
L] T R R 1 1
Shale, brown, pebbly--ccmmemmmm e e - 14 15
Shale, DrOWN -~ e e c e e e e e oo 10 25
Sand, fin@eecmc e e e - - - 3 28
Shale, blu@--mccmcmm e e e o 21 49
T R I e 1 50
Shale, blUu@-cmmm e e e e e e o 68 118
Sand, finN@-cccmc e e oo 5 123
Sand, COAMSE--mmmac e e e e e e e o 18 141
T T I e it 14 155
Shale, blU@-mm e e e e e 2 157
155-101-20AAA

(Log modified from Mon-Dak Drilling Co.)
Date drilled: 03/01/77

L Y R R e e 1 1
Till, yelloWeaco e m e e e e e e oo o 47 48
LR R 21 69
T e R 4 73
I e 31 104
Coal and shale-=m-cmcmmm e m e o - 6 110
I R e i 72 182
Sand, blU@-mccmm e i e e e e e e 16 198
155-101-28DDD

(Log modified from Mon-Dak Drilling Co.)
Date drilled: 06/11/80

TOPSOT e e e e e e e e e e e e o 2 2
Gravel, Sandy----=-cmccmmmm e e e - 30 32
R e e 5 37
T R e I T 3 40
Clay-=~ccmmmmm i e e e e 7 47
Gravel mem e e e e e e e e e e a oo 4 51
R e 32 83
T T T SRS 9 92
Claymme e e e e e e a e 2 94
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155-101-32AAB

(Log modified from Arcand Drilling Co.)

Date drilled: 07/29/80

MATERIAL THICKNESS DEPTH
T (FEET) (FEET)
TOpSO i mmm e e e e o 1 1
Shale, brown, pebbly--cocmccmm e 18 19
Shale, brown, sandy-----c-ccemmmmmmcmo oo 4 23
Shale, DrowWnN-------cc e oo 15 38
Shale, bluUu@-ccemm e e e e - 61 99
Sand and gravel; dry--~c-ceomcmmmmcmome oo 27 126
Shale, bBluUu@-cecm e e e e a e 65 191
o F B R e e 8 199
Shale, blu@-amcmcm e e e e 35 234
Sand, fine, coal streakS-----cmccmmconnaono- 6 240
155-102-10CBC
(Log modified from Thompson Drilling Co.
Date drilled: 11/03/77
TOPSO Tl mm e e e e e - - 3 3
SANdYy~-ccmm e m e oo - 21 24
O I N 6 30
Clay and €c0a@l--mcmmcm e e e e e e oo 10 49
T R e 8 48
Clay--cmmm e e e oo o 20 68
T B R e 5 73
Clay-mom e e s m e e e a e 28 101
Y R e e 5 106
R N R 7 113
SANAY ~mmm e e 5 118
O D e i 23 141
SANAY -~ - mm e e e e 13 154
N R e e 8 162
Clay---cmmm e m e m e e e 16 178
155-102-20BCD
(Log modified from Tandeski Drilling Co.
Date drilled: 04/21/81
Clay, DroOwWNn e e oo e e e e e a 23 23
I R e L T 2 25
Clay, gray------commmmmm e 19 44
O O T i gy g 6 50
Clay, gray, sandy---------cccooommmmon 18 68
Clay, gray------ccocmmm e ee e 14 82
Sand, gray; water from 110 to 116 ft.------- 34 116
Clay, gray----ecemomm oo e e e oo 7 123
Coal, drPy---coccmmm e 11 134
Clay, gray-------c-oommom oo 6 140
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155-103-30CAB
(Log modified from Arcand Drilling Co.)
Date drilled: 10/03/77

MATERIAL THICKNESS DEPTH
“““—“~*" (FEET) (FEET)
TOPSOilememm s s s s s m s s e s s e mmmm oo 1 1
Shale, light-gray---------==ce-c--c-cvmuo--- 8 9
Shale, brown, sandy------=----=-e-ec-coo-om- 48 57
Shale, DrOWN--ecccmc e m e e mm e s e m o 7 64
Shale, gray---~----------emmoeommoooocoomm—— 18 82
(08X B T e e b 4 86
Shale, blue; and a little green shale------- 28 114
(0 Y- 1 I e e e T Lk kel 7 121
Shale, blUu@--eccmmmcm e r e e e mme oo 35 156
(0 Y- B e b Rk by 3 159
Shale, blUu@--ccrmccmm e e e e e e e m o - 10 169
[0 Y- B e R ke 13 182
Shale, blu@--ecmmmcm e e rm e m e m e - - 16 198
[0 Y- 3 I e e T T 22 220
Sand, fin@---cemmeccmmr e m e rm e m e 5 225
Shale, blue; with a little coal streak------ 6 231
156-101-25ADB2
(Log modified from Arcand Drilling Co.)
Date drilled: 04/30/80
TOpSOilommc e s m e r e r e mm e s e m e - e 1 1
Shale, brown, pebbly-------ocemeeeenucan-m- 26 27
Sand, fine, gravel------cc-cccmcommmunnonom- 17 44
Shale, bluU@-cccmmmm e i e e e e e e e m e o 33 77
oY 1 I e 2 79
156-102-08DAC2
(Log modified from Mon-Dak Drilling)
Date drilled: 02/12/73
TOPSOilcmmm e e st s e m e e s e e m e m e 1 1
Sand, fin@e-ce-oemeeee e m i c e e e e e m o 5 6
Gravel cceccmcmem e e et e e m - o 12 18
Gravel, clayey-------~cc-ccmmmcmmmm e m e o mm o 9 27
SANA o - - cmmmemmm—mmmmmmemem—ammmmmemm——— - 40 67
0 I 2 e e 30 97
Bravel cemecccmm e e e e m e e m e m - 11 108
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156-102-08DAC3
(Log modified from Henry Halverson)
Date drilled: 06/15/73

54

MATERIAL THICKNESS DEPTH
(FEET) (FEET)
Sand and gravel; lots of brown water;
iron content t00 high-cecmmmmmc om0 52 52
Clay, gray; good water; not enough---eeca-n- 28 80
Clay, gray; brown water; iron content high-- 24 104
156-102-08DAD
(Log modified from Henry Halverson)
Date driltled: 08/01/73
Rocks, gravel and clay-----ccmcmmmccmnaaoooo 12 12
Clay, gQray-----emmccm e e e e e e e e 91 103
156-102-10DDC
(Log modified from Arcand Drilling Co.)
Date drilled: 08/15/77
TOPSO T mmm e e e e e e 1 1
Shale, brown, pebbly-cccmcecmmm e 42 43
Shale, blu@-ceme s m e e e e e 26 69
Sand and gravel--cemccmmmc e e 13 82
Shale, blue--cme e - 4 86
156-103-24AAB
(Log modified from Arcand Drilling Co.)
Date drilled: 04/23/78
TOpPSO il mmm e e e e - _— 1 1
Shale, brown, pebbly-ccommcomm e 6 7
ROCK = m e e e e e e e 3 10
Shale, bDrown----ce oo e - 4 14
Shale, blu@--commm e 32 46
Shale, sandy~ceccmmmc e mm e e - 6 52
T B R s 14 66
Shale, blue-ecm oo oo 2 68
: 157-102-30ABB1
(Log modified from Henry Halverson)
Date drilled: 09/04/75
Rocks, some Clay----cmmmommmcm e eeec e - 52 52
ClaY m s e e e e e e e 38 90
Clay, gray-----cccmccme e 55 145
Gravel cm e e - 145



157-102-32AAB
(Log modified from Henry Halverson)
Date drilled: 06/20/76

MATERIAL THICKNESS DEPTH
: (FEET) (FEET)
Clay, gray, Sandy-=eececmmmmmm e e ee e 120 120
(0T B R e R 5 125
Clay, gray, sandy------ecccecmmoccm e e aaa 79 204
157-102-33BBC

(Log modified from Arcand Drilling Co.)
Date drilled: 06/16/79

TOPSO il e e e e e et e m e - 1 1
Shale, brown, pebbly---ccmemmmmmma e 21 22
Shale, DroWN---ecm oo e e 23 45
Gravel ceecm e e e e e - 2 47
Shale, DrOWN--- e e cm o m e e e - 15 62
Gravel - cceme e e e - 3 65
Shale, brown---ccmomc e e e - - 11 76
Shale, blu@-ccecc e e e oo 42 118
NY: L R e i 1 119
T N I e e s 8 127
Shale, blu@-cccc e e e 1 128
157-103-12DDC2

(Log modified from Carison Drilling Co.)
Date drilled: 09/25/81

Clay, yellow, PoCkYy---=--ccmmmmmmmao e 58 58
Clay, blue, sticky--=--cocmmoomme e 15 73
Gravel, fin@-eeoeem e e 3 76
Clay, Sticky-emcmmmocmm e e e 3 79
Gravel s cm e e e - 1 80
Clay, Sticky-=cocemmom e eee 71 151
Rl R T e T 5 156
R R e i T 1 157
157-103-23AAA

(Log modified from Schimelfenig Well Drilling, Inc.)
Date drilled: 11/07/80

0301530 [ 1 1
Till, yelloWe o e m e e e 21 22
Till, gray-=-eeoomcm e e 21 43
Till, brown; some medium gravel------------- 2 45
Till, gray-----c-cmmmme e 15 60
Till, gray; some fine sand lenseS----------- 5 65
Clay, gray; some coal SpPOtS----ccomacuauoo 35 100
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157-103-27DAB
(Log modified from Carlson Drilling Co.)
Date drilled: 08/10/77

MATERIAL THICKNESS  DEPTH
(FEET) (FEET)
Clay, yellow, rOCKYy------ccmmoommmmme e 41 41
LR R e 53 94
Clay, blUu@---cc e oo o 13 107
Coal and clay------ccmmmcm e 2 109
Clay, blu@-meocc e e oo 32 141
Sand and c0al SEAMS----c-mccmcmm e 4 : 145
Clay, blu@-cococm i e e 31 176
R e 8 184
Coal and sandy clay--=--ccemcmmmmmmmm e 2 186
158-101-02CDC

(Log modified from Schimelfenig Well Drilling, Inc.)
Date drilled: 11/14/80

0 J o3 g 1 1

Till, yelloWam o m e e e 19 20

Till, gray-----eoommmmm e e ee e 30 50

Clay, gray-------coommomm oo e 25 75

0 I g 10 85

Clay, gray---------cocmmmmmmmmm oo 5 90
158-101-02DAD

(Log modified from Carlson Drilling Co.)
Date drilled: 10/30/74

Sand, yellow and fine gravel-----cccmccmenaa- 10 10
Clay, yellow, roCKYy-=m-cmem e e e e e e o - 15 25
LR T T L 19 44
Clay, blUu@emecm e e m e e e 31 75
SANd-m e m e e e 3 78
Clay and small sand seamS---ccccmemmncaenunanas 9 87
Clay and cO0al--mmmc e e e e e e 13 100
Clay, blue; with some small coal seamS------ 108 208
SaNdstoNe -e o c e e e o 4 212
SANdec e mc e e 13 225
158-101-11ADD1

(Log modified from Henry Halverson)
Date drilled: 08/01/76

SANA - m mm e e et e o 45 45
Clay, blU@ewcccmc e ee e oo 1 46
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158-101-19CCC
(Log modified from Arcand Drilling Co.)
Date drilled: 07/10/78

MATERTAL THICKNESS DEPTH
(FEET) (FEET)
TOPSOT e mm et e - 1 1
Shale, brown, pebbly---cccomm oo 18 19
Shale, blu@-----mm oo - 57 76
Coalmmmmm e e e e oo - 3 79
Shale, green---c-c e e me e me e oo 7 86
Shale, blu@---ecmmm e e e oo 46 132
Sand streaksS----comcmmmm e oo 20 152
B R e 19 171
Shale, blUu@--cccccm e e mm e e e oo o 5 176
158-101-24ABD

(Log modified from Russell Drilling Co., Inc.)
Date drilled: 03/13/80

Sand, yellow, medium to coarse---=-----ec-w--- 18 18

Sand, medium to coarse and gravel-----ece-u-- 47 65
Gravel, coarse, well-rounded; uniform

SANd--cmm e e e e e oo 25 90

Sand and gravel ----ccmmm e e oo 8 98

Clay; dry---cccmm i e o 22 120
158-101-24ADB

(Log modified from Farmers Supply Co.)
Date drilled: 06/04/76

TOPSO Tl mm s e m et o -1 1
Gravel, mediume-ccccccmmm e e e e e oo 28 29

158-101-24BDB .
(Log modified from Schimelfenig Well Drilling, Inc.)
Date driiled: 04/25/81

TOpSO0i e e m e m e e e e e - - 1 1
Gravel, bDrown---c-ccm e e o oo 19 20
Gravel, CO0APrS@-cccc o e e e 15 35
Gravel, coarse; some cOoal----occmcmmooo 5 40
Gravel, COAINrS@--cccccmm e e e e m e m e mcemeeeao - 33 73
Sand, fin@--c-ccccmcm e e e d e eeeoao oo 27 100
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158-101-24DCA
(Log modified from Schimelfenig Well Drilling, Inc.)
Date drilled: 07/29/81

MATERIAL THICKNESS DEPTH
(FEET) (FEET)
TOPSO T I mm e e e m e e e e e e 1 1
Gravel, medium to COArSe--coco oo mmm e 64 65
Gravel, coarse; some COA)-owcocomommemneanao 36 101
158-102-23DAA2

(Log modified from Arcand Drilling Co.)
Date drilled: 08/13/77

TOPSOT I s e e e e e e e 1 1
Shale, bDrowWN-- - oo e e 36 37
Gravel - cm e e e e e e 2 39
Shale, blue; with gravel streaks--we-muma--- 16 55
Shale, blU@--ccmm e 48 103
Shale, sandy-~---c-mm o m e 2 105
Sand--em e m e e R e 2 107
Shale, blue; with coal streakS-----ceeoeuaono 16 123
Shale, blU@-cmmm e e e e 51 174
T B T e 3 177
Shale, DlU@--cm e e 47 224
ROCK = s e s e e e e e e e 2 226
Sand, blue; with white crystals---eceeeaoanoo- 14 240
Shale, blu@---cm e e 5 245
158-103-04CAD

(Log modified from Water Supply, Inc.)
Date drilled: 11/24/80

Topsoil, black, Silty--commmomme oo 1 1
Clay, yellowish-brown, Silty----c-coecoao-—- 7 8
Gravel, fine to COArSE@---mmmccm e c o 3 11
Clay, yellowish-brown, sSilty-----ccccmceoooo 8 19
Clay, yellowish-brown, sandy, sSilty--------- 16 35
Clay, olive-gray; with small gravel layers-- 10 45
Sand, fine t0 CoArsS@--eem oo m e 10 55
Clay, olive-gray; silty----cooomoocmnnn ) 61
Sand, fine to CoArS@---c e c e e oo 4 65
Gravel, fine to coarse; about 10

percent Sand-----c oo oo 7 712
Clay, bluish-gray, sandy; about

45 percent sanNd---cc-cmm oo e oo 8 80
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158-103-10AAB
(Log modified from Arcand Drilling Co.)
Date drilled: 05/22/79

MATERIAL THICKNESS DEPTH
(FEET) (FEET)
TopsOilommmr e e e e - - 1 1
Shale, brown, pebbly--c-em oo o 17 18
T T B R ket R 7 25
Shale, blue-=-cccmm e - 64 89
Shale, blue, sandy----ccmcmmm e e - 7 96
(0 X I kR T 3 99
Shale, blue, sandy-----cmmmmm e 33 132
Shale, gray-----cecmmm e e e 31 163
Shale, blue, sandy------mcmmmmmmm e 35 198
Coal mmm e e 4 202
Shale, blue----cmc e o - 3 205
158-103-33CDB

(Log modified from Carlson Drilling Co.)
Date drilled: 06/21/79

Clay, yellow, FoCKYy-===emmmmm e e 40 40

Clay, blue, rocky---ccooommmmm e o 20 60

Sand and coal streak------=----—««---«ooo__ 10 70

I Y it 2 72
159-101-258BBC

(Log modified from Arcand Drilling Co.)
Date drilled: 06/14/78

SaANd - e e e e 36 36

Shale, blue---ccm e e 11 47

Coal mm e e e 1 48

Shale, blu@--e e e e e e 4 52

o - L T T 2 54

Shale, blUu@ec e mcm e e e e 6 60
159-101-34ABB

(Log modified from Arcand Drilling Co.)
Date drilled: 09/29/77

TOPSO Tl mm e e e e e e e e e 1 1
Shale, sandy---ccccmmm e 21 22
Sand and gravel w e e e e e e e e e 50 712
O 1 g 7 79
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159-101-34DCC2
(Log modified from Arcand Drilling Co.)
Date drilled: 09/20/79

MATERIAL THICKNESS DEPTH
(FEET) (FEET)
TOpPSOTlmm e e e e e - 1 1
Sand and gravel----c-mcmm i m e 20 21
Shale, blue---ccmmm e e e e - 33 54
Sand streaks and c0al---c--cmmmmmm e oo 27 81
T B T kA 2 83
Sand streaks and coal----cmommm oo 37 120
159-102-07ABB

(Log modified from Arcand Drilling Co.)
Date drilled: 09/23/79

TOpPSO Tl e e m et e oo - 1 1
Shale, brown, pebbly---ccecmommm e - - 4 5
Sand and gravel ---cm e e e e e 16 21
Shale, blue-~cccmmmm e oo - - 45 66
Sand, fine---ccmmmmm e - - 5 71
Shale, blue-mcmm o e - 13 84
Sand, fine-cecc oo e e e oo - 4 88
Shale, blu@mecccmm e - 12 100
159-103-26CCD

(Log modified from Schimelfenig Well Drilling, Inc.)
Date drilled: 07/03/80

TOPSO Tl e m e m e e e e 1 1
Clay, yelloW----ccmmmmm e ee e - e memmee o 61 62
Clay, yellow; with limestone lenses--------- 28 90
Clay, YelloWe--cooccmoom oo omemoe oo 10 100
C]a.y) gf‘a)’ ------------------------------- 60 160
Clay, blue; with coal lenses-----cccceceo-o- 5 165
Clay, bluU@eococ e m e o 5 170
Shale, blue, SOftececomocom oo eeemma o 10 180

60



159-103-28CCA
(Log modified from Carlson Drilling Co.)
Date drilled: 11/07/79

MATERIAL THICKNESS DEPTH
(FEET) (FEET)
Silt, yelloWw----ccmmm e e - 20 20
Till, blU@- e e e oo - 44 64
Sand, COAPSe--mmcc e e e e e dcme e e eee e e a - 1 65
Sand, fin@---cmmmm e oo 9 74
Clay, sandy------ e 144 218
Clay, yellow, sandy---------ccmmmmmmmcee e = 4 222
Sand, yelloW--cmc o m e e e e m oo 1 223
Clay, yellOoW--mmmm oo - 10 233
Sand, yellow, fine---ccmmmmc e oo - 3 236
Clay, yellow and blue mixed-----ewececoooo-o 3 239
159-103-29CCC1
(Log modified from Schimelfenig Well Drilling, Inc.)
Date drilled: 07/02/80
L Rl I e 1 1
Clay, yelloW-mcmmm e et m - 39 40
Sand, brown, fine---ccccmmemm e oo 10 50
Till, yelloWemmm e e m 15 65
Clay, yellOW-mcmmm e e e e o - 5 70
Clay, gray; some medium gravel lenses------- 5 75
Till, gray-----c---cmm e e e 5 80
Clay, gray-----=---cc-cmmmm e — o 10 90
Sand, gray, fine---------cccmo.- 4 94
Clay, gray------cecmcmmm i e e e e e o - - 41 135
Sand, gray, fine; with coal layers---------- 22 157
Clay, gray------c-cmmmmm i e - - 8 165
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159-103-29CCC2
(Log modified from Schimelfenig Well Drilling, Inc.)
Date drilled: 11/13/81

MATERIAL THICKNESS DEPTH
‘ - (FEET) (FEET)
TOPSO Tl mm e m e e e e e e o 1 1
Clay, yellow and brown--eceee e e e naea o 64 65
Clay, gray----- B e 225 290
Gravel, medium to COoArS@-c-veerccc e e 20 310

159-103-36DBA
(Log modified from Carlson Drilling Co.)
Date drilled: 07/25/77

Clay, yellow, roCKy---cecommom o e e 58 58
L I T 71 129
Clay, blue; with small coal seam------------ 91 220
Sand, fine, clayey--c-emm e 37 257
Sand, hard, cemented-----c-oocooman o 19 276
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TABLE 3.--Chemical

analysis of selected water samples in the

Sand Creek-Hanks coal area.

Principal aquifer

111,
112,
125,

ALVM,
FRUN,
GCDF,

GLCL,
LLMD,

RAY,
SNLB,

Holocene
Pleistocene
Paleocene

alluvium

Fort Union Formation

Glacial drift,
undifferentiated

Glacial deposit,
undifferentiated

Little Muddy aquifer

Ray aquifer

Sentinel Butte Member of
Fort Union Formation
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Specific conductance

Value shown is the field specific
conductance measured at the well
at the time of inventory.
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TABLE 4.--Records of wells and test holes in the

New England-Mott coal area.

Owner Principal aquifer
Arneson, 1-57, 0il and gas 111, Holocene
test holes are included 112, Pleistocene
that may provide data for 124, Eocene
the understanding of shallow 125, Paleocene
aquifer systems. Logs are 211, Upper Cretaceous
available from the North
Dakota Geological Survey ALVM, Alluvium
CBLD, Cannonball-Ludlow Members
NDGS, North Dakota Geological of Fort Union Formation
Survey CNBL, Cannonball Member of Fort
Union Formation
NDSHD, North Dakota State FXHL, Fox Hills Sandstone
Highway Department GVSB, Golden Valley-Sentinel
Butte, undifferentiated
NDSWC 4970, North Dakota HCFH, Hell Creek Formation-Fox
State Water Commission, Hills Sandstone
test hole number 4970 LDLW, Ludlow Members of Fort
Union Formation
USBR, United States Bureau of LHCK, Ludlow Formation-Hell
Reclamation Creek Members of Fort
Union Formations
USGS, United States Geological SBTR, Sentinel Butte-Tongue
Survey River Members of Fort

Union Formation
SNLB, Sentinel Butte Member of

Water level (feet) Fort Union Formation
TGRV, Tongue River Member of
Water level, in feet below or Fort Union Formation
above (+) land surface TRRC, Terrace deposits
TRVL, Tongue River-Ludlow
D, dry Members of Fort Union
F, well flows Formation
R, recently pumped
Z, other
Specific conductance
Use of water Value shown is the field specific
conductance measured at the
C, commercial well at the time of inventory.
H, domestic
I, idrrigation
P, public supply Altitude of
S, stock supply land surface (feet)
U, unused
Z, other National Geodetic Vertical Datum

of 1929 (NGVD) is a geodetic
datum derived from a general
adjustment of the first order
level nets of both the United
States and Canada. It was
formerly called "Sea Level
Datum of 1929" or "mean sea
level" in this series of
reports. Although the datum
was derived from the average
sea level over a period of
many years at 26 tide stations
along the Atlantic, Gulf of
Mexico, and Pacific Coasts,
it does not necessarily
represent local mean sea
level at any particular
place.
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TABLE 5.--Logs of wells and test holes in the

New England-Mott coal area.

131-092-05DDD
NDSWC 4970
Date drilled: 08/20/76
MATERTIAL THICKNESS DEPTH
T (FEET) (FEET)
Clay, moderate-yellowish-brown to brown,
very Silty--cemmmm e e e e - 15 15
Clay, medium-light-gray to medium-dark-gray,
very silty, moderately cohesive, brittle,
CarbonaceOUS—-----mc e e e oo 38 53
Lignite, black to reddish-black, hard,
brittle; with shale partings; dry---------- 8 61
Clay, chocolate-brown to medium-dark-gray,
very silty, brittle, carbonaceous,
slightly bentoniticCc----ccceccmomo oo 45 106
Lignite, black, hard, brittle------cceceoao-- 3 109
Sand, medium-gray to greenish-gray, silty,
very fine to fine, rounded, well-sorted---- 20 129
Clay, very silty, sandy; poor sample returns- 11 140
131-092-14DDA
(Log modified from Knutson Well Drilling)
Date drilled: 01/02/73
Clay~--cmm e e e et e e 6 6
Clay, Sandy-=--ccmccmm e e e r e e - - 19 25
X T B i e 7 32
Claymmmmmmm e e e e e e e e e 4 36
131-092-32AAA2
(Log modified from Ellison Drilling)
Date drilled: 08/21/75
Sand, red----c-ccmomm o e e e oo 10 10
Sand, wWhite-ccmmcm oo - 6 16
Black jJacCK--ccomoommm e e e e oo - 6 22
ROCK - mm e e e e e e e - 1 23
Shale, white--ccomm e 5 28
Sand, white-c-cmommm i - 15 43
Y 1 g 7 50
ROCK == = = = = = o e m e e e e 1 51
0 g 2 53
SNal - e e e e e - 17 70
Sand; Water---cemmcm e e e e o - 48 118
ROCK - — s e m e e e e e e e e e 1 119
NY: L R T e T T pepp——— 19 138

- 99



132-092-08DDD
NDSWC 4968
Date drilled: 08/19/76

MATERIAL

Clay, moderate-yellowish-brown to medium-
brown, silty, moderately cohesive,
oxidizede-mmmm et e

Lignite, black, hard, brittle; moist--------

Clay, medium-light-gray to medium-gray,
very silty, moderately cohesive, brittle;
L R e e

Sand, medium-gray, very fine, very silty,
rounded, well-sorted-----ccoeomomcocaooo

Clay, medium-light-gray to medium-dark-gray,
very silty, moderately cohesive; lignite
layers at 23, 27, and 38 feet.,-----ceeu---

Lignite, black, hard, brittie; dry----------

Clay, medium-light-gray to medium-dark-gray,
very silty, moderately cohesive; with
lignite from 54 to 55, 65 to 68 and 72 to
73 feet; wmmae e e e o -

Sand, medium-gray to bluish-gray, very fine
to fine, rounded, well-sorted; sandstone
ledge from 90 to 92 feet-----mcmmmcmcnoo

Clay, medium-light-gray to medium-dark-gray,
very silty, moderately cohesive-~-----c-n--

132-092-28BCB
NDSWC 4969
Date drilled: 08/20/76

Gravel, fine to coarse, angular to
subrounded, clayey----cccmmmmmccmc e
Clay, moderate-yellowish-brown to medium-
brown, very silty, slightly sandy,
cohesive, sticky, oxidized------ccmemono--
Lignite, black to reddish-black, hard,
brittle; dry--ccccmcm e e m
Clay, medium-light-gray to medium-~dark-gray,
very silty, cohesive, slightly plastic
to brittie, slightly carbonaceous---------
Sand, medium-gray to bluish-gray, very fine
to fine, rounded, well-sorted, silty------
Clay, medium-gray to medium-dark-gray, very
silty, cohesive, brittle, bentonitic,
slightly carbonaceouS-----cccomommca -~
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THICKNESS DEPTH
(FEET) (FEET)
7 7

3 10

7 17

4 21

25 46

4 50

34 84
62 146
14 160

3 3

4 7

7 14

29 43
21 64
16 80



132-092-34BAA2
(Log modified From Gil's Pump Service)
Date drilled: 07/11/75

MATERTAL THICKNESS DEPTH
(FEET) (FEET)
TOPSO il mm e e e e e e e e - 1 1
Sand, yelloW--ccmmm e e e e e 30 31
Sand, blue; water---ceceooeom e o 26 57
Clay, gray----cccmmmm e e e e e e memmmm oo 3 60
Ligniteeemmcm i e e e e e - 18 78
Clay - e e e e et o e o 2 80

132-092-35BBB
(Log modified from Knutson Well Drilling)
Date drilled: 05/29/80

I T T e 2 2
N L e 39 41
T B R T T L e 3 44
O - 1 2 46
132-093-10CCC1
NDSWC 4965
Date drilled: 08/19/76
Sand, very fine to fine, predominantly
fine, rounded, well-sorted, oxidized------ 30 30
Lignite, black, hard, brittle; making about
10 gallons per minute-----cccmmccmomaaaoa- 8 38

Clay, medium-light-gray to medium-gray,

very silty, cohesive, brittle, bentonitic,

CarbonaceOUS —=--c-cm e e e o - 31 69
Sand, medium-gray to bluish-gray, very fine,

silty, rounded, well-sorted; making lots

0f Waleremm e o e e e e e e e 48 117
Lignite, black, hard, brittle; saturated---- 3 120
Sand, medium-gray to bluish-gray, very fine,

silty, rounded, well-sorted; with clayey

section at 130 feet-----ocmmocmmmoaaaao 23 143
Clay, medium-gray to medium-dark-gray,
STTty, Sandy--—--c-ccmm oo miemeoo oo 17 160
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131-092-35BCB
(Log modified from Main and Ellison)
Date drillted: 12/ /73

MATERIAL THICKNESS DEPTH
(FEET) (FEET)
Sand, brown---ce e oo e a e 30 30
o F- B R i e T P 4 34
Shale, white--remm e e e 21 55
o - B 4 59
Shal@emmm e e e o 59 118
Sand; watereeme e c e et e e e e 25 143
132-091-21BBB

(Log modified from B and M Drilling)
Date drilled: 12/13/73

TOPSO Tl mm e e e et e e e m 2 2

Sand, red--c-moeo o e m e e e e e e oo 12 14

Sand, brown---c-cmm e e e e e a 26 40

Sandstone, medium hard----ccmemmccmm e m e e e 3 43

Sand, broOWN----me e e e e e e 35 78
132-091-26AAB

(Log modified from Moe Well Drilling)
Date drilled: 08/07/74

Sand, yelloW-mme e e e e 13 13
o B I e e T T 2 15
Clay, gray-=-----ccmm e m e m e e e 10 25
T B B b e e T 1 26
Clay, gray-----mmeme e e e 4 30
T B R e e e T 5 35
Clay, gray-==----ccmmmmmcm e ciceee e e 43 78
0 ol 3 81
Clay, gray---meecm e e e e 3 84
Sand, gray, ChUNKY—mmee e e e e e e e e o 56 140
132-092-06DDD3

(Log modified from B and M Drilling)
Dated drilled: 08/12/72

0§30 T 2 2
Sand, yelloW--eco o e e e e e - 2 4
Clay, gray------c-----mcmmmiiii i eeeeeeeeae 10 14
Sand, gray-~--m-em e e e e e e e e e e oo 4 18
Lignite-mom e e e e e oo 7 25
Clay, brown---ceeccanaa-- Ty 14 39
Clay, gray------=-ccmcmmom oo 93 132
Clay; with lignite streaks------cccccaaooo-- 38 170
Sand, gray, fine--ceccmm oo 20 190
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132-093-218B8BB
NDSWC 4966
Date drilled: 08/19/76

MATERIAL

Clay, moderate-yellowish-brown to medium-

brown, silty, slighty sandy, oxidized-----
Lignite, blacKk---eeommo s m e e e m e e e -
Clay, medium-light-gray to medium-gray,

very silty, moderately cohesive, brittle,

bentonitic; small lignite seam at 15 feet-
Lignite, black, soft; rather sticky; making

Waleree-cm e e e e e e e e e
Clay, medium-light-gray to bluish-gray,

very silty, bentonitic---wcccmmwnnaoao-
Sandstone, indurated---------ccccmmmmnanan
Sand, medium-gray to greenish-gray, very

fine to fine, rounded, well-sorted--------

132-093-22BCB2

(Log modified from Moe Well Drilling)

Date drilled: 10/17/75

Coal, SOft-ccmmm s e e e oo

132-093-33ABB

(Log modified from B and M Drilling)

Date drilled: 05/26/73

Clay, yelloWeomeoomommo oo mie oo
Sand, yelloW--cmocomm e e e e
Clay, light-gray------coecommmmmmom oo
Clay, DroWn---ccm o e a o
Clay, gray-------cemoccmmcmccmmcmceccmmmcma
Clay, DrOWR--cc oo o
Sand, DPOWN-=- - oo o e e
Silt, gray--=---m=mc----meccmeccmmmmmmmomooo
Clay, gQray------mc-ecemmcmeccmecm e mmmm e =
Sand, brown, tight----eccocoom oo

Clay, gray------c-cmmmmmmm e e e o
Ligniteeme e e e e el
Clay, brown---e oo e e e oo e -
Clay, gray----=-ccccomomm e eeeme oo
Clay, green------moo e e
Clay, gray-----cemccmcimma i e e e cee e e
Sand, gray---eccmmo e eaoiaaas
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THICKNESS  DEPTH
(FEET) (FEET)
4 4
3 7
12 19
4 23
24 47
1 48
12 60
5 5
5 10
26 36
42 78
10 10
4 14
10 24
7 31
2 33
25 58
10 68
21 89
4 93
12 105
12 117
2 119
7 126
2 128
17 145
26 171
2 173
9 182
39 221



132-093-34DAA2
(Log modified from Moe Well Drilling)
Date drilled: 05/04/72

MATERIAL THICKNESS DEPTH
- (FEET) (FEET)
Clay, yellow, sandy----cmommmmcm e oo oo 17 17
Clay, gray-----cemmmm e - 11 28
T B R e e e 10 38
Clay, gray----mmmcc e e e e e o 1 39
0 3 T T« o 1 40
Rock, gray, soft--ccmmom oo 1 41
Clay, gray-----cmcmm e e e e e o 29 70
Clay, greene--c-cccm e e e o 3 73
Clay, Qray--eeeem o i e e e e 7 80
(T R e e 3 83
Sand, gray, medium COArS@---c-mccooccaamaanna 28 111

132-094-25AAA
NDSWC 4967
Date drilled: 08/19/76

Clay, moderate-yellowish-brown to brownish-

gray, very silty, slightly sandy, sticky-- 11 11
Lignite, black, hard, brittle; saturated---- 5 16
Clay, medium-gray to medium-dark-gray, very

s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>