APPENDIX A

LIST OF ENERGY PROJECTS IN NORTH DAKOTA
(Department Of Commerce 5/29/09)
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APPENDIX B

AQUIFER LITHOLOGIES
(From the Section: Shallow Glaciofluvial Aquifers)



APPENDIX B - LITHOLOGY

Figure B.1.1.1. Grenora aquifer lithology.

Location 15910306DDD Date Drilled 06/23/1964
County Williams Land Surface 2000.46
Aquifer Grenora Total Depth 346
Purpose Observation Well Bedrock Depth 320
Unit | Description Beginint | Endint | Thickness
SOIL iBlack, sandy and gravelly 0 1 1
CLAY Light olive-gray, sandy 1 5 4
TILL Moderate olive-brown, siity to sandy, oxidized 5 36 31
SAND %Olive-gray, clayey, fine to medium, calcareous 36 44 8
SAND Fine to medium o 44 %4} 50
SAND Fine to coarse; contains thin clay layers 94 99‘ 5
SILT Olive-gray, clayey, carbonaceous; contains thin 29 140 41
very fine sand and dark carbonaceous laminae
GRAVEL Fine to coarse, moderately sorted, subangular to 140 166 26
subrounded
cLAY Olive-gray, very sandy, calcareous 166 190 24
TILL Olive-gray, silty 180 210 20
CLAY SOali:,/g-gray. silty; contains thin lenses of very fine 210 288 78
CLAY Dark greenish gray, sandy, calcareous, slightly 288 300 12

micaceous; had strong hydrogen sulfide odor

GRAVEL Dark brown, fine to coarse, generally subrounded; 300 320 20
pebbles are predominantly chert and iron-oxide
stained limestone

SHALE Light olive-gray, silty to sandy; contains some 320 346 26
lignite (Fort Union Group)




APPENDIX B - LITHOLOGY

Figure B.1.1.2. Grenora aquifer lithology.

Location 15910310CAA1 Date Drilled 06/03/2004
County Williams Land Surface 2033.48
Aquifer Grenora Total Depth 260
Purpose Observation Well Bedrock Depth 229
Unit Description Begin int End Int Thickness
TOPSOIL iDark brownish gray, clayey 0 2 2
SAND & GRAVEL More gravel than sand, primarily silicates, some 2 31 29
tan carbonates, some sandstone. Oxidized to
about 23 feet, coarser at 30-31 feet
cLaY Olive gray, about 1/3 clay, with silt, sand & gravel, 31 58 27
moderately cohesive, silt lens at 38 feet, sand lens
at 62 feet (till)
SILT - Slightly sandy, clayey, detrital lignite at 71 {eet, - 58 84 26
gravelly shale at 76-78 feet
CLAY jOli;éan. silty, sandy, gravelly (clayey til) i 84 97} 13
CLAY Ciive gray, smooth, fast drilling 97 103% 6
CLAY Olive gray, silty, sandy, as above (clayey till), 103 146 43
granite rock at 117 feet
SAND Fine to medium grained, poorly sorted, primarily 146 168 22
quartzose, with lignite, some clay lenses as at
149-151 & 155 feet
CLAY Olive gray, silty, sandy, gravelly (till) 168 188 20
CLAY As above, slower, quieter drilling, more clay 188 203 15
(clayey till)
SAND { With lignite, poor recovery 203 208 3
cLay FAs above (clayey till) 206 222 16
SAND & GRAVEL More grave! than sand, primarily very coarse sand 222 229 7
and gravel granules in cuttings, somewhat
weathered
CLAY Light gray and greenish gray, smoaoth, slow drilling 229 238 9
(bedrock)
SANDSTONE No recovery 238 | 240 2
CLAY As above, primarily greenish gray (bedrock) 240! 260 20




APPENDIX B - LITHOLOGY

Figure B.1.1.3. Grenora aquifer lithology.

Location 16010320CBA Date Drifled 06/29/2001

County Divide Land Surface 20419

Aquifer Grenora Total Depth 180

Purpose Irrigation Well Bedrock Depth 161

Unit Description Begin Int End Int Thickness

TiLL sandy, yellow 0 17 17
TILL very sandy B 17 43 26
SAND iﬁne to medium 43 85 42
TiLL !olive grey 85 110 25
CLAY igrey : 110 133 23
SAND medium to coarse 133% 138 5
SAND & GRAVEL coarse 138 161 ; 23
CLAYSTONE light grey 161 180 19
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Figure B.1.2.1. Little Muddy aquifer lithology.

08/31/2009
Location 15510009888 Date Drilled 061112002
County Williams Land Surface 1914.4
Aquifer Little Muddy Total Depth 80
Purpose Domestic Well Bedrock Depth 72
Unit Description Begin int End Int Thickness
TILL yellow 2 17 15
CLAY olive gray 17 38 21
SAND & GRAVEL coarse sand 38 72 34
CLAYSTONE Tlight gray ) 72 80 8
Figure B.1.2.2. Little Muddy aquifer lithology.
Location 15610021CCC Date Drilled 07/29/1998
County Williams Land Surface 1917.8
Aquifer Little Muddy Total Depth 80
Purpose Cbservation Well Bedrock Depth o
Unit Description Begin Int End Int Thickness
CLAY Dark yellowish brown, 30%, with silt, sand & 1 10 9
gravel (oxidized till)
! R
CLAY Dark yellowish brown, 30%, with silt, sand, & 12 14 2
gravel (oxidized till) i
CLAY Dark yellowish brown, 30%, with silt, sand, & 23 35 12
gravel (oxidized till)
CLAY Olive gray, 30%, with silt, sand, & gravel (till), rock ! 35 53 18
at 50 feet and 52 feet
SAND & GRAVEL 20% gravel, primarily very coarse sand, silicates, 53 73 20
carbonates, lignite, taking water with drilling
CLAY iOlive gray, plastic (facusterine) 73 80 7




Figure B.1.2.3. Little Muddy aquifer lithology.

APPENDIX B - LITHOLOGY

Location 15810007DDD Date Drilled 07/17/1996
County Williams Land Surface 1963.15
Aquifer Little Muddy Total Depth 100
Pumose Observation Well Bedrock Depth 0
Unit Description Begin int End Int Thickness
T
SAND .Medium grained, fair sorting 1 5 4
CLAY all;ve gray, 25%.;;ith silt & sand, (sandy, oxidized 5 11 6
SAND As above - 1 16 5
CLAY Olive gray 30% with silt, sand, & gravel (till) 16 57 4
SAND & GRAVEL 30% gravel, well graded, silicates, Iig;;ite. shale, 57 87 30
carbonates
CLAY Olive gray 30% with silt, sand, & gravel (tll a7 94 7
CLAY Olive gray, cohesive 94 100 6
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Figure B.1.3.1. Ray aquifer lithology.

Location 158097 19AAA Date Drilled 06/11/1965
County Williams Land Surface 2235
Aquiter Ray Total Depth 200
Purpose Observation Well - Destroy Bedrock Depth 186
Unit I Description Begin Int End int Thickness
GLAY %Yel!owish gray, sandy ) 4 4
TILL I Dusky yellow, sandy, oxidized i 4 16 12
TILL Moderate olive-brown, silty and sandy : 16 86 70
SAND EJS?& lrjnn:‘aicéigm, moderatety well sorted, 86 94 8
CLAY Olive-gray, silty 94 99 5
SAND Fine to coa;rse. subangular to subrounded 99 102 3
TILL Olive-gray, silty 102 137 35
'SAND ;Gray. medium, well sorted, subrounded 137§ 150 13
SAND ;Brown. gravelly, subangular to subrounded; 150‘ 186 36
ipredominantly chenl and quartz
CLAY iLight gray, light greenish gray, greenish gray, 186 200 14
]Eé?é”é‘r'.i'éé’éi%“ipsé'ﬁy'uﬁfﬁﬁ%‘ﬁé)m"”
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Figure B.1.3.2. Ray aquifer lithology.

Location 158098070DD Date Drilled 06/17/1965
County Williams Land Surface 2226
Aquifer Ray Total Depth 304.5
Purpose Observation Well Bedrock Depth 284
Unit Description Begin Int End Int Thickness
TOPSOIL black 0 1 1
TILL Till, dusky yellow (5Y6/4) to yellowish gray 1 42 41

(5Y6/2), holds together, mod. soft, silty, crumbles
a bit, sh, qgtz, lignite(?), dol, Ims, at top most
fragments are less than 0.5 mm in size,
downwards tili becomes gravelly oxid., slightly
calcareous, contains pockets of Fe stained
material, fragments are ang. tc rounded

TILL dark greenish gray (5GY3/1) to olive gray (6- 42 56 14
Y3/1), holds together, mod. hard, gtz, sh, igneous
xline, dol, Ims, ranging from 1 to 2 mm, ang. to
subrounded, calcareous, unoxid.

GRAVEL fine medium to coarse, about 0.25 fine medium to 56 65 9
coarse sand

GRAVEL sand poorly sorted, angular to rounded, gtz, dol, 65 - 69 4
Ims, sh, ignecus xline, sed. very, size vanes
greatly
i

TILL olive gray (5Y4/1) to dark greenish gray (5GY4/1), 69 84 15

holds together, mod. hard to mod. soft, dol, sh,
qtz, ligmite, ranges from silt size to about 2 mm,
ang. to rounded, calcareous, unoxid.

SILT dark greenish gray (5GY45/1), ciayey, holds 84! 95 1
together, mod. soft, crumbly, highly calcareous,
unoxid.

CLAY silty, ranges from dark greenish gray (5GY5/1) to 25 100 5

dusky yellow (5Y6/4) to dusky yellow green
{5GY5/2), holds together, med. hard, highly
calcareous, unoxid.

TILL (7), claysy, mod., yellowish brown (10YRS/4) to 100 145 45
dark yellowish orange {10YR®6/6), holds together,
mod. soft, plasiic, sh., dol, and pockets of finely
powdered lignite, frag. are not very abundant and
vary grealtly in size, calcareous, oxid., contains
much gypsum in places, frag. becomes more
abundant downwards
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Figure B.1.3.3. Ray aquifer lithology.

Location 15810017ABC Date Drilied 04/05/1966
County williams Land Surface 19822
Aquifer Ray Total Depth 100
Purpose Observation Well - Destroy Bedrock Depth 94
Unit Description Begin Int End int Thickness
TOPSOIL | black 0 1 1
SAND fine to coarse, some fine gravel, yellowish brown, | 1 7 6

poorly sorted

CLAY silty to very sandy, some gravel size material, 7 27 20
moderately hard and brittie, yellowish brown (till)

CLAY silty to sandy, some fine gravel, poorly plastic and ‘ 27 42 15
cohesive, dark olive gray (till)

SAND very fine to medium, angular ;o‘subangular. 42 80 38
moderately well sorted, drills very easy

GRAVEL fine to coarse, about 40% medium to coarse sand, 80 90 10
pootly sorted, subangular to subround, some coal
in places, drills easy and fast, taking quite a bit of
walter, used 850 gal. to S0'

CLAY {alive gray, slightly silty, quite cohesive and plastic, 90 94 4
drills soft
CLAY bright, bluish gray, hard, (Tongue River) NOTE: 94 100 6

The contact between the sand and the gravel was
graduational between approximately 79'and 82' |

1




APPENDIX B - LITHOLOGY

Figure B.1.4.1. Wildrose aquifer lithology.

Location 16009713B8B Date Drilled 05/08/1963
County Divide Land Surface 2257
Aquiter Wildrose Yotal Depth 156
Purpose Observation Well Bedrock Depth 134
Unit Description Begin Int End Int Thickness
SAND Very coarse 2 7 5
SAND Silty, very fine - 7 20 13
SILT | Dark greenish gray 20 45 25
CLAY EShaIey, Dark greenish gray 45 51 6
SILT iDark greenish gray 51 58 7
SAND AND GRAVEL Fine gand to medium gravel, sugfaunded. poorly 58 78 20
sorte
TILL Dark greenish gray 78 105 27
TILL Dark gfeenish gray T 108 115 7
SILT Sandy, dark gray and olive-gray, calcareous, few 115 122 7
fossil fragments, (dark gray color due to organic
matter)
TiLL Dark yellowish 'orange. oxidized; few fimestone 122 139 17
and s:hale grains
SAND Silty, very fine, oxidized, calcareous (Tongue River 139 146 7
Formation)
SILT Dark yellowish orange, oxidized, {grading 146 158 12
downward into ) silty, lignitic, dark greenish gray to
brownish black (Tongue River Formation)
LIMESTONE ](Tongue River Formation) 158 160 2
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Figure B.1.4.2. Wildrose aquifer lithology.

Location 16009736BCB Date Drilled 05/10/1963
County Divide Land Surface 2210
Aquiter Wildrose Total Depth 320
Purpose Observation Well Bedrock Depth 293
Unit Description Begin int End Int Thickness
1
i - \
CLAY Silt, and sand, light olive-brown, unsorted 2% 14 12
CLAY Silty, dark greenish gray, slightly calcareous; few 14 34 20
selenite crystals
TILL - Gravelly, dark greenis'h.é;é; - 34 78 44
GRAVEL Fine and medium sand, subrounded to well- 78 98 20
rounded pebbles, predominantly quartz and
limeslone, with some lignite
TILL Gravelly, dark greenish gray 98 121} 23
TILL Gravelly, dark greenish gray 123 141 18
SILT ;:Dark greenish gray, very calcareous 141 143 2
TILL Dark greenish gray - 146 150 4
TILL Dark greenish gray 151 167 16
i
TILL |Dark greenish gray 168 244 76
1
SAND Very fine to very coarse, and dark greenish gray 244 273 29
silty, abundant lignite panicles, calcareous;
apparently interbedded
SAND |Very fine, and silt, some clay; interbedded i 273 288 15
GRAVEL .Granule, sandy, rounded; abundant brownist 288 294 6
pebbles
CLAY Sandy, bluish gray, hard (Tongue River Formation) 2941 320 26
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Figure B.1.5.1. Yellowstone Buried Channel aquifer lithology.

Location 16009929888 Date Drilled 05/15/1859
County Divide Land Surface 2100
Aquifer Yellowstone Buried Channe Total Depth 420
Purpose Test Hole Bedrock Depth 0
Unit Description Begin Int End Int Thickness
TOPSOIL black 0 2 2
CLAY ; smooth, brown ] 2 # 9
CLAY .Brownish-yellow to dark-yel!gwish-orange, 1 33 22
mottled, oxidized w/ fine grave! (till)
CLAY lgray (till o i 33 75 42
GRAVEL | Fine sand to medium pebbles { 75 83 8
[TILL Gray 2 83 98 15
GRAVEL Or several small rocks {drilling action) I 98 103 5
CLAY Light gray ) 103 189 86
CLAY gray clay, fine gravel, shale pebbles and coal,a | 189 394 205
e o S sy o
CLAY Sandy gray 1o light brown 394 415 21
CLAY Carbonaceous, lignitic, contains some coarse 415 420 5
sand grains
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Figure B.1.5.2. Yellowstone Buried Channel aquifer lithology.

Location 16008904AAA1 Date Drilled 06/10/1963
County Divide Land Surface 2055
Aquifer Yellowstone Buried Channe Total Depth 590
Purpose Observation Well Bedrock Depth 560
Unit Description Begin Int End Int Thickness
FILL Road fill 4] 7 7
SILT dark yeliowish orange to medium yellowish brown, 7 10 3

clay to fine sand, calcareous, oxidized

CLAY moderately yellowish brown, clay through gravel, 11 17 6

abundant shale, calcareous, oxidized (till)

CLAY T dark yellowish brown, clay though gravel, 17 30 13
abundant shale and limestone, calcareous, part.,
oxidized (till)

SILT dark greenish gray, clay, some areas of fine sand, 30 40 10
highly calcareous

CLAY dark greenish gray, clay though gravel, unsorted, ! 40 72 32

composition varied with abundant shale and some
limestone and lignite (till)

SILT olive to bluish gray, sandy-greatly resembles 72 75 3
clayey-sand, Fort Union? bedrock-mica flakes,
lignite chips, slightly calcareous

t

SANDSTONE Sandstone, bluish gray, noncalicareous, shale, 76 82 16
quartz, etc., a few lignitic areas

CLAY io[ive gray-black (5Y3/1), clay through gravel, 92 100 8
icomposition varied, limestone, shale, granite,
lignite, etc.; solid, hard calcareous (till}

i

SAND predominantly fine to coarse sand, subrounded, | 100 154 54
composition varied but predominantly quartz, fine !
at base

CLAY {as above, with bedrock and calcareous oiive gray 154 204 50

clay, till, olive gray-black, clay through gravel,
composition varied, Tongue River bedrock,
oxidized and unoxidized, noncaicareous
sandstone and lignite, clay, olive gray, silty,
calcareous vary hard (fill)

SILT with sand layers, olive gray, clay, slightly cohesive 204 253 49
calcareous, (samples quit at 220 feet, mud is
getting thicker, dnills fairly easy, soft silt)
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Figure B.1.5.3. Yellowstone Buried Channel aquifer lithology.

Location 16309715AB8 Date Drilled 06/1211971

County Divide Land Surface 1916.29

Aguifer Yellowstone Buried Channe Total Depth 540

Purpose Observation Well Bedrock Depth 502

Unit Description Begin Int End Int Thickness
TOPSOIL Sandy loam, dark brown 0 1 1
SAND Medium to very coarse, gravelly, assorted, 1 10 9
gsir(\j?zrglcljy subrounded, loose, iron-stained,

SILT Clayey, sandy, pebbly, yellowish aray. soft, slightly 10 22 12

cohesive, laminated, oxidized (till?)

CLAY Very silty, sandy, pebbly, cobbE_s, olive gray, 22 69 47
moderately soft to slightly hard, very cohesive,
stiff, tightly compacted (till}

CLAY Silty, sandy, pebbly, moderate ofive brown, 89 82 13
moderately soft, slightly crumbly to slightly brittle,
partially oxidized (till)

SAND {Coarse, reddish brown, sorted, generally 82 87 5
subangular, loose, iron-stained

CLAY Very silty and sandy, pebbly, dusky-yellow. soft to 87 102 15
moderately soft, slightly crumbly, compacted,
oxidized (till)

CLAY i Silty, sandy, pebbly, cobbles, occasional coarse 102 135 33

sand lenses, olive gray, moderately soft;,
cohesive, moderately stiff (till)

CLAY Silty, olive %ray, slightly hard, cohesive, stiff, 135 155 20
smooth, tight
SAND Fine and medium, light brown, sorted, 155 169 14

subrounded, loose; thin clay layers

CLAY Silty, sandy, pebbly, cobbles, variegated but 169 224 55
predominantly moderate olive brown, moderately
soft, cohesive to slightly crumbly, oxidized to
partially oxidized (till)

CLAY Silty, sandy, pebbly, olive gray, slightly hard, 224 239 15
cohesive, stiff (till)

SAND Medium and coarse, very gravelly, lenticular 239 266 27

CLAY Silty, sandy, pebbn{, olive grit‘y. moderately soft, 266 289 23
very cohesive, siiff (till); sand and grave! lenses
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Figure B.1.6.1. Crosby aquifer lithology.

Locatton

County
Aquifer

Purpose

16209701CCC1 Date Drilled
Divide Land Surface
Crosby Total Depth
Observation Well - Destroy. Bedrock Depth

1200111971

1970
460
428

Unit

Description

Begin Int

End Int

Thickness

TOPSOIL

gPebbly clay loam, dark brown

CLAY

Silty, sandy, pebbly, dusky reddish yellow, soft to
moderately soft, cohesive, moderately plastic,
oxidized (till)

13

12

CLAY

Silty, slightly sandy, numerous pebbles and
occasional cobbles, reddish brown o moderale
olive brown, maderately soft, cohesive, slightly
plastic, oxidized (till)

13

28

15

CLAY

Sifty to slightly sandy, pebbly, occasional cobbles
and boulders, olive gray, moderately soft, slightly
stiff and brittle (till)

28

39

1

SAND

Very fine to fine, thin silty to clayey lenses, light
olive to olive gray but partially oxidized in upper
few feel, lcose to slightly cohesive, predominantly
quartz laminated with fine lignite particles and
carbonaceous material

39

80

41

CLAY

Silty, sandy, pebbly granite boulders at 130 and
137 feet, olive gray, cohesive, tough (till)

a0

150

70

SAND

Predominantly fine, medium in upper pan, very
fine in lower part, well-sonled and uniform,
quarizose, subrounded, loose, clean

150

175

25

CLAY

Silt¥; sandy, pebbly, olive gray, moderately softto |
slightly hard, tight (till) ;

175

238

63

SAND

Coarse to very coarse, some fine gravel,
moderately well-sorted, subangular to rounded,
loose, clean

238

283

45

silty, sandy, pebbly, occasional cobbles, olive gray,
moderately soft, cohesive, fairly stiff (fill)

283

308

25

CLAY

| Silty, sandy, pebbly, and cobbles, olive to dark
iolive gray, slightly hard, tightly compacted, stiff
and moderately brittle (till)

308

325

17

SAND

Very fine to fine slightly clayey, light gray to light
olive gray, moderately soft, chunky, crumbly,
calcareous (till?); occasional thin layers of marl-
like clay

325

25
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Figure B.1.6.2. Crosby aquifer lithology.

subrounded, sorted, loose, clean

Location 163097260DD Date Drilled 06/14/1972
County Divide Land Surface 1942.16
Aguifer Crosby Total Depth 380
Purpose Observation Well Bedrock Depth 373
Unit Description Begin int End Int Thickness
TOPSOIL Pebbly, silty loam; black 0 1 1
CLAY Silty, sandy, pebbly, dark brown, moderately soft, 1 10 9
very cohesive, slightly plastic, oxidized (jill)
CLAY Silty, sandy, pebbly, moderate olive brown to light 10 37 27
reddish brown, soft to moderately soft, moderately
cohesive, oxidized (till); lenses of loose, medium
grained sand ;
CLAY Silty to sandy, dark olive gray, moderately soft, 37 49 12
slightly friable, laminated
CLAY Siity, sandy, pebbly, cobbles, olive gray, slightly 49 94 45
hard, stiff, brittle, compacted (till}
ST Clayey, sandy, light olive gray, moderately soft, | 94 103 9
slightly cohesive to friable, laminated, partially
oxidized 1
SILT Clayey 1o very sandy, gravel Ieﬁses, light olive and 103 186 83
olive gray 1o light brown, laminated, soft and
stightly cohesive to loose
CLAY Silty, sandy, pebbly, cobbles, olive gray, 186 274 88
moderately soft, cohesive, stiff (till); gravel lenses
SAND Very fine to medium, interbedded silt and sandy 274 298 24
clay, loose to slightly cohesive
CLAY And silty clay, olive to dark olive gray, moderately 298| 315 17
soft to slightly hard, stiff, brittle, smooth, tight
CLAY Very silly, sandy, pebbly, cobbles, olive gray, 318 322 7
slightly hard, stiff, compacted (till)
SAND Medium o very coarse, yellowish brown, sorted 322 337 15
but lenticular, subrounded, loose j
SILT Clayey, very sandr. olive gray, laminated, soft to 337 351 14
moderately soft, slightly cohesive; interbedded
with fine gravel %
SAND Medium to coarse, brown, subangular and i 351 360 9
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Figure B.2.1.1. Columbus aquifer lithology.

Location
County
Aquifer

Purpose

16208833AAA

Burke

Columbus

Observation Well

Date Drilled
Land Surface
Total Depth
Bedrock Depth

06/01/1977

02/26/2010

1888
400
379

Unit

Description

Begin Int

End Int

Thickness

CLAY

Sandy, silty, pebbly, slightly gravelly with a few
boulders, moderate yellowish brown, moderately
lig‘rét. fo ct’ight, cohesive, very slightly plastic (i)
oxidize

0

23

23

CLAY

As above, medium dark 1o olive gray, tight,
cohesive (till)

23

115

92

SAND & GRAVEL

Sand is fine to very coarse, predominantly coarse
10 very coarse, subrounded to rounded, 70%
quartz, 20% carbonates, 10% granitics and shale,
well sorted, gravel, fine, subangular to
subrounded, predominantly carbonales with some
quartz, interbedded with till after 135

115

131

16

CLAY

Sandy, silty, pebbly with occasional boulders,
medium dark to olive gray, tight, cohesive (til))

131

286

155

SAND

Fine to very coarse, predominantly medium to
very coarse, subangular to rounded, well sorted,
60% quartz, 30% carbonates, 10% shale with
abundant detrital lignite, some gravel and rocks,
predominantly carbonates and shale grave! with
a:)undant lignite after 330" with some interbedded
clays

2886

379

93

SAND

Fine grained, very clayey, medium light gray to
%I_uist; green, light, cohesive, friable {Tongue
iver

379

400

21
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Figure B.2.1.2. Columbus aquifer lithology.

02/26/2610
Location 16208903888 Date Drilled 08/18/1966
County Burke Land Surface 1918
Aquifer Columbus Total Depth 280
Purpose Observation Well Bedrock Depth 236
Unit Description Begin Int End Int Thickness
CLAY Silty and sandy with pebbles and interbedded 0 26 26
sand and gravel lenses, dusky yellow to reddish
brown, soft, loose 10 moderately cohesive,
oxidized (till)
CLAY Sillg' with sand grains, pebbles cccasional rocks 26 84 58
and gravel stringers, olive gray, moderately soft,
cohesive (till} some samples are pure clay, silt or
very fine sandy clay without pebbles
CLAY Silty with sand grains, pebbles, cccasional large 84 127 43
rocks, olive gray, slightly hard, very cohesive
SAND Medium to coarse, light gray, slighily clayey, 127 136 9
generally subrounded, lignitic, tight drilling
TILL As above, tight and tough, occasional large rocks 136 176 40
SAND Medium to coarse, clayey and carbonaceous, dark 176 182 6
brown
SAND Fine to very coarse and fine to very coarse gravel, 182 218 36
dark brown, poorly sorted, subangular and
subrounded (preglacial outwash type)
CLAY Sandy, soft, light gray, chalky, fairly tight 218 226 8
SAND & GRAVEL As above with more coarser gravel and much 226 236 10
rougher drilling, dark brownish stain, various types
of varigated rocks, many siliceous rocks, also
volcanics or metamorphics
SHALE Light to medium gray to black with beds of lignite, 236 264 18
much gravel in cuttings, and much lignite chips in
the mud
SHALE Very sandy, light greenish gray with carbonaceous 254 264 10
inclusions
LIMESTONE Tan, very hard 264 269 5
SHALE Medium gray, slightly hard and brittle, tight drilling 269 280 il
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Figure B.2.2.1. Kenmare aquifer lithology.

02/26/2010

Location 16009113ACD1 Date Drilled 06/30/1966

County Burke Land Surface 2240
Aquifer Kenmare Total Depth 360
Purpose Observation Well Bedrock Depth 0

Unit Description Begin Int End Int Thickness

TOPSOIL Sifty loam, black 0 1 1

CLAY Silty and sandy with pebbles, yellowish gray, soft, 1 5 4
moderately cohesive, oxidized (till)

CLAY Silty to sandy, dusky yellow lo moderate olive 5 24 19
brown with a reddish tint, soft, cohesive,
moderately plastic, fairly tight

CLAY Silty and sandy with pebbles and rocks, moderate 24 47 23
?Iil}/)e brown, moderately soft, cohesive, oxidized
ti

CLAY Silty with sand grains, pebbles, occasional rocks 47 68 21
and numerous gravel stringers, olive gray,
moderately soft, cohesive (till) gravel is mostly
limestone particles

SAND Medium, light brownish gray, very well sorted, 68 82 14
subrounded, mostly quartz with feldspar and
limestone, small amount of shale and lignite

CLAY Silty with sand grains, pebbles, occasional rocks 82 111 29
and a few sand lenses, olive gray, moderately soft,
cohesive (till)

SAND Medium, light olive gray, loose, well sorted, mn 115 4
subrounded

CLAY Silty with sand grains and pebbles, occasional 115 164 49
glacial erratics, olive gray, moderately soft,
cohesive (till)

SAND Medium and coarse, light pinkish gray, well sorted, 164 173 9
enerally subrounded, predominantly quartz,
eldspar and limestone, some shale and lignite

CLAY Silty and sandy with numerous pebbles and 173 196 23
medium to coarse gray sand lenses, olive gray

Ty

SAND Medium and coarse with fine gravel, moderately 196 243 47
well sorted, subrounded, mostly quartz, feldspar,
limestone and shale
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Figure B.2.2.1. Kenmare aquifer lithology (continued).

02/26/2010
Unit Description Begin Int End Int Thickness
CLAY Silty and sandy with pebbles, clive gray, 243 261 18
moderately soft to slighlly hard, moderately
cohesive (till)
SAND Coarse, light gray, quartzose, subangular and 261 265 4
subrounded
CLAY As above (till) 265 270 5
CLAY Silty and sandy with numerous pebbles and 270 298 28
occasional rocks, olive gray to dark olive gray,
slightly hard, tightly compacted, slightly brittle (till)
GRAVEL Fine 1o coarse, sandy and numerous cobbles, 298 309 11
pootly sorted, subangular and subrounded, mostly
granitic rocks and limestone
CLAY Sandy, white, chalky, soft, highly calcareous 309 313 4
SAND Medium to very coarse with fine and medium 313 347 34
gravel, getting coarser with depth, well sorted,
subrounded, mostly quartz and granitic derivatives
and limestone
GRAVEL Fine to coarse, sandy with cobbles and possibly 347 359 12
boulders, poorly sorled, subangular and
subrounded, mostly granitics and limestone
ROCK No description 359 360 1
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Figure B.2.3.1. Shell Creek aquifer lithology.

02/26/2010
Location 15809423D0DC Date Drilled 07/08/1966
County Burke Land Surface 2185
Aquifer Shell Creek Total Depth 110
Purpose Observation Well Bedrock Depth 95
Unit Description Begin int End int Thickness
TOPSOIL Sandy loam, black (4] 1 1
SILT Clayey to very sandy with pebbles, Kellowish gray 1 7 6
to moderately olive brown, soft, slightly cohesive,
oxidized
CLAY Silty with sand grains and pebbles, olive gray, soft 7 21 14
1o moderately soft, cohesive (till)
GRAVEL Fine and medium, sandy, brown, sorted, generally 21 41 20
subrounded
CLAY Very silty to sandy with pebbles and occasional 41 95 54
rock, light olive gray to olive gray, moderately soft
to slightly hard, very cohesive (till)
SAND Fine, light greenish gray to greenish gray, 95 110 15
moderately soft, moderately friable, quartzose and
micaceous
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Figure B.3.1.1. Denbigh aquifer lithology.

Location 15607717DCC Date Drilled 06/28/2004
County McHenry Land Surface 1504.45
Aquifer Denbigh Total Depth 100
Purpose Observation Well Bedrock Depth 87
Unit I Description Begin Int End Int Thickness
SILT Dark yellowish-brown 1 9 8
SILT Olive gray 9 15 6
SAND Medium grained, moderate sorting, saBrounded. 15 40 25
quartzose, some lignite
SAND Coarse grained, as above, grading coarser, shale 40 60 20
noticed (n wasings
SAND & GRAVEL As above, very coarse, with a little gravel 60 87 27
SAND Fine grained, quartzose, with greenish-gray matrix 87 100 13

clay (bedrock - Fox Hills Formation)
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Figure B.3.2.1. Glenburn aquifer lithology.

Location 15908224ADA Date Drilled 08/10/1877

County Bottineau Land Surface 1535

Aquifer Glenburn Total Depth 220

Purpose Observation Well Bedrock Depth 190

Unit Description Begin Int End Int Thickness
CLAY Silty, sandy, pebbly, reddish-yellow stringers, 0 18 18
oxidized (till)

CLAY As above, olive gray (lill) 18 40 22
SAND & GRAVEL Predominantly sand, predominantly medium grain 40 45 5

size, subangular to rounded, 50% to 60% quartz,
calcareous, lignitic (glacio fluvial), caving, taking
water, added 1 bag mud

TILL Possibly silty sand, very poor sample recovery, 45 138 93
above sand caving, drills softer than above till,
retrigved 1 small sample of a greenish gray silty
san

SAND & GRAVEL Poor sample analysis due to above caving of sand 138 190 52
and addition of mud, coarser than above, more
gravel portion, fair to poor sorting, angualr to
rounded (glacio-fluvial)

SANDSTONE First contact appears weathered, light gray to 190 220 30
green, very fine to fine, silty, clayey, slightly
calcareous, with deJ)th color changes to greenish-
gray, not weathere
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Figure B.3.3.1. Lake Souris aquifer lithology.

Lacation 15407618CBB Date Drilied 06/04/1993
County McHenry Land Surtace 1533.09
Aquifer Lake Souris Total Depth 60
Purpose Observation Well Bedrock Depth 0
Unit Description Begin Int End Int Thickness
SAND Coarse grained, poorly sorled, quartz, etc., 1 47 46
oxidized to 11 feet
SAND & GRAVEL 25% gravel, poorly sorted, quartz, dark silicates, 47 56 9
carbonates, shale, fignite (as above. grading
coarser)
CLAY Olive gray, 30%, with silt, sand & gravel (til} } 56 60 4

Figure B.3.3.2. Lake Souris aquifer lithology.

Location 155078160DD Date Drilled 10/13/1970
County McHenry Land Surface 1518
Aquifer Lake Souris Total Depth 100
Purpose Observation Well Bedrock Depth 76
Unit Description Begin Int End int Thickness
TOPSOIL ’;\Iery sandy, silty, brownish black 0 1 1
SAND ‘Slightl; silty, very fine- to very coarse-grained 1 20 19

(mostly medium- to coarse-grained), subangular to
'rounded, well sorted, some pebble-sized, detrital
ilignite fragments (iron-stained on outside surface),
about 70% quartz and feldspar, 15% carbonates,
15% shale and siliceous rock fragments, lignitic,
oxidized to about 10 ft. below land surface

CLAY Silty, slightly sandy, pebbly, olive gray, cohesive, 20 25 5
plastic, calcareous (till)

SAND Slightly gravelly, fine- to very coarse-grained, 25 28 3
subangular to rounded, moderately well sorted,
mostly quartz, slightly lignitic

CLAY Silty, slightly sandy, pebbly, olive gray, very 28 76 48
cohesive, plastic, calcareous (tilf)

SHALE Moderately clayey, slightly sandy to sandy, 76 100 24
medium bluish gray to grayish brown, bedded,
noncalcareous, moderately indurated, a few small
brownish concretions (Hell Creek Formation)
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Figure B.3.4.1. New Rockford aquifer lithology.

Location 15207520CCC Date Drilled 10/02/1970

County McHenry Land Surface 1594.45

Aquifer New Rockford Total Depth 300

Purpose Observation Well Bedrock Depth 288

Unit Description Begin int End Int Thickness
TOPSOIL sandy, silty, pebbly, brownish black 0 1 1
CLAY very silty, sandy, pebbly, a few cobbles, dusky 1 9 8
yeliow, slighlly cohesive, moderately plastic,

oxidized, ?TILL)

SAND slightly gravelly, (slightly oxidized), fine to very 9 35 26
coarse grained, {mostly medium grained),
subangular to rounded, moderately well sorted,
mostly quartz, lignitic, taking some water

CLAY silty, slightly sandy, pebbly, cccasional cobbles, 35 65 30
medium dark gray, moderately cohesive,
moderately plastic, calcareous, (TILL)

SAND (slightly clayey), very slightly gravelly, fine to very €5 86 21
coarse grained {(mostly medium grained),
subangular to rounded, moderately well sorted,
about 60% quartz and feldspar, 20% shale, 20%
carbonates, granitic fragments, and lignite; taking
some water, not caving in

CLAY very silty, (occasional detrital lignite fragments), 86 116 30
slightly sandy, olive gray with light olive graK
laminations, very cohesive, slightly plastic, highly
calcareous, (fluvial sediment)

CLAY same as above, with thin sand lenses (fluvial 116 136 20
sediment)
SAND slightly clayey, silty, very fine to medium grained, 136 139 3

subangular, moderately well sorted, mostly quartz,
shale, and lignite, dirty looking samples

CLAY sandy, very silty, interbedded with sand lenses, 139 182 43
medium dark gray with light olive gray laminations,
slightly cohesive, moderately plastic, highly

ITcareous. (fluvial sediment), some detrital lignite
chips

CLAY ivery sand, silty, pebbly, occasional cobbles, 182 238 56
occasional thin sand lenses, medium dark gray,
cohesive, moderately plastic, calcareous, (TILL)
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Figure B.3.5.1. Voltaire aquifer lithology.

10/26/2009

Location 15207816CBA Date Drillad 1/16/1977

County MeHenry Land Surace 1860

Aquifer Vollaire Total Dapth a0

Purpose Observation Well - Pluggec Bedrock Depth 60

Unit Description Begin Int End int Thickness
TOPSOIL Brawnish-black ] 1 1
CLAY Yellowiah-brown, silty. oxidized ! 1 8 7
8AND Fine 1o medium, subanguiar to suhrounded i 8 45 37
{
CLAY Brownish-gray, very silly; interbedded with lenses 45 54 8
of fine 10 medium sand

CLAY NMedium-dark-brown, silty to sandy (giacial tilt) 54 [
SHALE iBrowniah-gmy, sitty, carbonaceous €0 80 20
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Figure B.4.1.1. Munich aquifer lithology.

Location
County
Aquifer
Purpose

16106329888
Cavalier
Unknown
Observation Well

Date Drilled
Land Surface
Total Depth
Bedrock Depth

08/28/1970
1619
160
133

Unit

Description

Begin Int End int

Thickness

TOPSOIL

Fine sandy loam, very dark brown

1

CLAY

Silty to sandy with pebbles, yeliowish gray to
dusky yellow, soft, slightly to moderately cohesive,
leached in upper &' or 7', oxidized (lill)

22

CLAY

Silty to sandy with ﬁebbles, olive gray, moderately
soft, cohesive, slightly plastic (till)

23 30

SAND

Very fine to medium, interbedded with silt and
sandy clay, lenticular, predominantly gray color,
loose to moderately cohesive, sand mostly quartz,
easy drilling

30 65

35

SAND

Coarse lo very coarse, moderately well sorted and
uniform, subangular to subrounded, predominantly
quartz with shale and carbonates, clean, taking
some water

65 78

13

GRAVEL

Fine to coarse, very little sand, sorted but very
lenticular - some lenses practically 100% shale,
others about 50% shale and 50% carbonates,
some sllicates and a trace of granitics, generally
subrounded, drills good, taking water but no mud
necessary, clean, really nice

78 133

55

SHALE

Black, hard, brittle, siliceous, contains clayey layer:

27
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Figure B.4.1.2. Munich aquifer lithology.

Location 16206321888 Date Drilled 09/01/1970
County Cavalier Land Surface 1594
Aquifer Unknown Total Depth 80
Purpose Observation Well Bedrock Depth 5
Unit Description Begin Int End int Thickness
TOPSOIL Silty loam, black | 0 1 1
CLAY Siity, yellowish gray, soft, moderately cohesive, 1 5 4
leached, very alkaline
SILT Clayey {0 sandy, yellowish gray to dusky yellow, 5 16 1
contains occasional pebbles and sand lenses,
soft, ioose to slightly cohesive, oxidized
CLAY ISilty to sandy with occasional pebbles, olive gray. 16 23 7
moderately soft, cohesive, stiff (till)
SAND Medium to coarse, some finer sand and a little 23 51 28
gravel, assorted to poorly sorted, subangular to
subrounded, mostly quartz and carbonates with a
litle shale, clean, except for clayey layer from
32-36'
SHALE iBlack, hard, brittle, siliceous, solid J 51 80 29
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Figure B.4.2.1. Rolla aquifer lithology.

APPENDIX B - LITHOLOGY

Location 16306902EBB Date Drilled 11/05/1980
County Land Surface 1803
Aquifer Total Depth 181
Purpose Observation Well Bedrock Depth 154
Unit ] Description Begin Int End Int Thickness
TOPSOIL Dark brown, silty 0 1 1
TILL Yellow-brown, oxidizé&, silty and sandy, 1 14 13
calcareous, moderately cohesive
TILL Busky yellow-brown, oxidized, silty, clayey, 14 24 10
gravelly, calcareous, moderately cohesive, boulder
at 18 ft.
TILL Dark olive gray, silty, pebbly, gravelly, calcareous, 24 41 17
moderately cohesive, boulder at 40 ft.
TILL Yellow-brown, oxidized, sandy, calcareous, 41 55 14
moderately cohesive
SAND Fine sand to fine gravel, predominantly very 55 63 8
coarse sand, angular to rounded, predominantly
angular, oxidized stain, predominantly carbonates
TILL As above, interbedded with gravel 63 82 19
SAND Fine grain, well sorted, angular to rounded, 82 92 10
predominantly subrounded, oxidized,
predominantly quartz
TILL As above 92 99 7
SAND Fine grain, well sorted, angular to rounded, T 99 112 13
predominantly subrounded, predominantly quarz,
approximately 15 %, detrital shale
CLAY Olive gray, poor sample 112 122 10
SAND No sample 122 142 20
SILT Olive gray, clayey, cohesive 142 154 12
SHALE Dark gray, calcareous, very cohesive 154 181 27
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Figure B.4.3.1. Spiritwood aquifer lithology (Ramsey and Towner Counties).

Location 15506609AAA Date Drilled 08/15/1974
County Ramsey Land Surface 1447.27
Aquifer Spiritwood Total Depth 180
Purpose Observation Well Bedrock Depth 145
Unit Description Begin Int End int Thickness
SILT Clayey, pale yellowish orange to grayish orange, 0 10 10
oxidized
CLAY Silly, sandy, pebbly, moderate yellowish brown to 10 17 7
Eﬁldl)dish brown; contains a few thin gravel lenses
CLAY Silty, sandy, pebbly, dark gray (till) 17 23 6
CLAY Very sandy, silty, pebbly, dark gray (till) 23 32 9
CLAY Very sandy, silty, pebbly, dark gray; contains 32 58 26
numerous sand and gravel lenses (fill)
CLAY Very silty, sandy, pebbly, dark gray, soft ({ill) 58 83 5
SAND Medium, medium dark gray, lignitic 63 83 20
SAND Gravelly, medium dark gray 83 106 23
SAND Gravelly, partly silty 106 145 39
SHALE Clayey, dark gray, partly brittle (Pierre Formation) 145 180 35
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Figure B.4.3.2. Spiritwood aquifer lithology (Ramsey and Towner Counties).

Location 15806630888 Date Drilled 06/16/1980
County Towner Land Surface 1481
Aquifer Spiritwood Total Depth 322
Purpose Observation Well - Recorde Bedrock Depth 280
Unit | Description Begin Int End int Thickness
TOPSOIL ]Brownish black 0 1 1
CLAY Yellowish brown, cohesive, oxidized 1 13 12
TILL Dark gray, silty, thin gravel streaks 13 52 39
GRAVEL Fine to coarse, subrounded, mostly carbonates, 52 58 6
granitic and shales, sandy
TiLL Dark gray. silty to sandy, boulder at 63 58% 66 8
i L
TILL Dark gray, silty, pebbly with very thin lenses of 66 76 10
gravel
TILL Dark gray to black, pebbly, silty, sandy 76 84 8
GRAVEL Fine to coarse, angular to rounded, mostly 84 86 2
carbonates and detrital shale
TILL Dlark grayish black, silty, pebbly with thin lenses of 86 106 20
silt
SILT Dark gray, very clayey 106 125 19
TILL {Dark grayish to black, silty, pebbly 125 134 98
SILT Medium gray, clay, sandy lenses ! 134 150 16
TILL Dark grayish black, silty, sandy, reworked into a 150 178 28
fluvial deposit i
SAND Very silty, very fine to coarse, predominantly 178 224 46
subrounded to rounded
GRAVEL Coarse sand to medium gravel, predominantly 224 234 10
coarse sand and fine gravel, angular to rounded,
predominantly rounded, predominantly detrital
shale and some carbonates, becomes coarser
and more angular with depth to predominantly
coarse, angular carbonate gravel
TILL Brownish gray. very sandy, pebbly, moderate to 234 274 40
;lery cohesive, calcareous with intercalated gravel
enses
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Figure B.4.4.1. Starkweather aquifer lithology (Ramsey and Towner Counties).

Location 15506325AAA Date Drilled 08/01/1973
County Ramsey Land Surface 14763
Aquifer Starkweather Total Depth 385
Purpose Observation Well Bedrock Depth 0
Unit Description Begin Int End Int Thickness
LOAM Clayey, silty, grayish black (topsoil) 0 1 1
CLAY Very silty, moderate yellowish brown, cﬁ&lzed 1 5 4
{lacustrine sediment)
CLAY Moderately sandy, silty, pebbly, moderate 5 18 13
yellowish brown, oxidized (till)
CLAY Slightly sandy, pebbly, cabbly, olive-gray, 18 20 2
calcareous (tilf)
SAND Fine to very coarse; consists af about 60 percent 20 28 8
shale particles
CLAY Sandy, pebbly, gravelly, cobbly, bouldery, olive- 28 76 48
gray, calcareous (till)
SILT Clayey, dark greenish gray to medium dark gray; 76 172 96
laminated light olive-gray (glaciofluvial sediment)
GRAVEL Fine fo coarse, sandy; consists of about 80 172 192 20
ercent shale particles; contains a few thin clay
ayers
SILT Clayey, sandy, medium gray, highly calcareous 192 196 4
(glaciofluvial sediment)
GRAVEL Fine to coarse, clayey, slightly cobbly; consists of 196 246 50
about 80 percent shale particles
CLAY Sand?'. moderately silly, pebbly, gravetly, touldery, 246 383 137
slightly calcareous (lill)

BOULDERS Granite, and limestone; very rough drilling E 383 385 2
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Figure B.5.1.1. Icelandic aquifer lithology.

Location

County
Aquifer

Purpose

16105534BAA Date Drilled
Pembina Land Surface
Icelandic Total Depth
Test Hole Bedrock Depth

05/10/1968

1005
470
340

Unit

Description

Begin Int

End Int

Thickness

GRAVEL

Sandy or sand, gravelly, oxidized fine sand to
pebbles, limestone, shale, quartz, granitics, elc.,
poorly sorted, rounded to well rounded

0

22

SILT

Olive gray, very soft, cohesive, highly calcareous,
particularly that portion containing lighter colored
uaorginftigns. moderately olive brown from

I_ 1 4

22

100

78

CLAY

Qlive gray, very cohesive, very slighily calcareous
except for the white highly calcareous spots

100

125

26

SILY

Olive gray, cohesive, highly calcareous with very
highly cleareous light colored laminae, soft.
Seems 10 have clayey areas and the siltis
somewhat clayey

125

232

107

TILL

Clay through granules, cohesive to non-cohesive,
olive gray c(Jlight olive gray to ofive black) shale and
limestone grains predominant but some granitics
gresem, some of the till is silty, some sandy, all
ighly calcareous. Limestone boulder at 254, till
beneath boulder is the light olive gray highl
calcareous, till with numerous boulders an
oogb?gé turns olive gray with fewer rocks at
3O I_ Ll

232

324

g2

SHALE

Qlive black, non-calcarecus, silty with occasionat
light colored silt to very fine sand laminae which
are only very slightly calcareous, hard

324

330

TILL

Light olive gray (occasional olive gray) hard,
cohesive, highly calcareous rocky

330

10

SAND

Coarse, very coarsa, c;uartz. angularto
subangular, clear and frosted grains, pyrite,
{Dakota). Shale, brownish to clive black, leaves
mud brownish to purplish, non-calcareous

340

370

30

SAND

Fine to very fine, quartz, subrounded to well
rounded, well sorted, pyrite, becomes coaser with
depth. Shale, very poor samples, soft looks like
some organic material, silty, non-calcareous

370

470

100
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Figure B.5.2.1. Pembina River aquifer lithology.

Location 16305622CCB3 Date Drilled 08/01/1983
County Pembina Land Surface 935
Aquifer Pembina River Total Depth 40
Purpose Observation Well Bedrock Depth 0
Unit Description Begin Int £nd Int Thickness
TOPSOIL Silty, black 0 1 1
CLAY Sandy, silty, yellowish brown, It's about 40% sand 1 1 3 2
SAND I Fine, medium fo coarse 3 o} 6
CLAY Silty, medium gray 9 10 1
GRAVEL §Fine. medium lo coarse, it's about 40% sand 10 21 11
SAND %Fine, medium to coarse, bluish gray 21 35 14
cLay §Sandy, silty, olive gray 1 35 40 5

Figure B.5.2.2. Pembina Delta aquifer lithology.

Location 16305634DDC Date Drilled 05/19/1971
County Pembina Land Surface 1010
Aquifer Pembina Delta Total Depth 120
Purpose Observation Welt Bedrock Depth 0
Unit Description Begin Int End Int Thickness
TOPSOIL Very sandy, silty, clayey, brownish black 0l 1 1
SAND Slightly gravelly, very fine to very coarse grained, 1 | 58 57

grain size becomes finer with increasing depth,
subangular to rounded, well sorted, much shale
gives malerial grayish black color, taking some

water, nol caving

SILT Very clayey, occasional shale pebbles, detrital 58 98 40
lignite fragments, and sand grains, medium dark
gray with occasional light olive gray laminae,
slightly cohesive, highty plastic (Glacio Fluvial
Sediment)

CLAY Very silty, olive gray, moderately cohesive, highly 98 120 22
glagtic, moderately calcarecus, (Glacio Lacusirine
ediment
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Figure B.6.1.1. Bennie Peer aquifer lithology.

Location 14810536DCD Date Drilled 10/15/1979
County McKenzie Land Surface 2002
Aquifer Undefined Total Depth 182
Purpose Observation Well - Destroy Bedrock Depth 146
Unit Description Begin Int End Int Thickness
CLAY Silty, slightly sandy, dark yellowish brown 0 22 22
SAND AND GRAVEL Fine to coarse; predomﬂ1antly scoria with dark 22| 34 12
gray clay layers
CLAY Silty, slightly sandy, olive-gray to medium dark 34 80 46
gray, lignitic, soft
SAND Fine to medium, lignitic; a few medium gray to 80 96 16
dark gray clay layers
SANDSTONE Very silty, very fine, fight bluish gray to medium 146 153 7
gray (Tongue River member of Fort Union
Formation) i
SILTSTONE Sandy, light gray (Tongue River member of Fort 153 157 4
Union Formation)
CLAYSTONE Dark gray, organic (Tongue River member of Fort 157 172 15
Union Formation)
LIGNITE {Tongue River member of Fort Union Formation) 172 176 4
CLAYSTONE Dark greenish gray, organic (Tongue River 176 182 6
member of Fort Union Formation
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Figure B.6.2.1. Charbonneau aquifer lithology.

Location 15110108DAA Date Drilled 10/09/1979

County McKenzie Land Surface 1988

Aquifer Charbonneau Total Depth 202

Purpose Observation Well - Destroy: Bedrock Depth 165

Unit Description Begin Int End Int Thickness

CLAY SS;IE:j sandy, dark yellowish brown, interbedded 0 16 16
SAND & GRAVEL Silty layers 16 21 5
CLAY Very sandy, silty, dark yellowish brown (iill?) 21} 42 21
SAND Fine, lost circulation, no samples 42 122 80
SAND Layers of gravel 122 161 39
CLAY tgwmte, soft, sticky 161 165 4
SAND ESiIty. greenish gray & shale (bedrock) 165 202 37
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Figure B.6.3.1. Tobacco Garden aquifer lithology.

Location 15009802CCD Date Drilled 09/17/1980
County McKenzie Land Surface 21058
Aquifer Tobacco Garden Creek Total Depth 160
Purpose Observation Well Bedrock Depth 137
Unit Description Begin Int End Int Thickness
CLAY Olive gray, silty 1 41 40
SAND & GRAVEL Fine sand to pebbles of gravel, subrounded 1o 41 71 30

subangular, 30% carbonates, 70% silicates, some
locally derived material, clay lenses at 52', 63', 68"

CLAY Olive gray, sandyi 71 102 31

SAND & GRAVEL Fine sand to granules of grave!, qubrounded, 102 137 35
silicates & carbonates, some lignite

CLAY Light gray to medium dark gray, to greenish gray, 137 160 23
consoliated (bedrock)

Figure B.6.3.2. Tobacco Garden aquifer lithology.

09/17/2009

Location 15209811DCC Date Drilled 05/06/1981

County McKenzie Land Surface 1956

Aquiter Tobacco Garden Creek Total Depth 180

Purpose Observation Welt - Destroy. Bedrock Depth 167

Unit Description Begin Int End Int Thickness
SILT } Dark yeltowish brown, argillaceous l 0 19 19
SILT Yellowish brown 19 22 3
SAND AND GRAVEL Lignitic 22 38 16
CLAY Silty, sandy, olive-gray i 38 60 22
SAND Fine to very coarse 78 116 38
SANDSTONE o andiiorontated: of £or Unog® Ter b 160 "
Formation)
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Figure B.6.4.1. Yellowstone Buried Channel aquifer lithology.

Location 15010420CCCH Date Drilled 10/23/1966
County McKenzie Land Surface 1890
Aquifer Yellowstone Buried Channe Total Depth 100
Purpose Observation Wall - Destroy. Bedrock Depth 0
Unit Description Begin int End int Thickness
SILT Dark yellowish brown ! 0 2 2
SAND Fine to medium, gray, well-sorted, very lignitic ‘ 2 10 8
CLAY Very silty fo sandy, light olive-gray 10 18 8
SAND |Slightly clayey, fine, gray 18 29 1
CLAY ‘Sih and very fine gray sand; interbedded 29 51 22
GRAVEL Fine 10 coarse, poorly sorted; lenses of clay and 51 92 41
silt and some cobbles
CLAYSTONE Medium gray, smooth, very tight (Tongue River 92 100 8
member of Fort Union Formation)
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Figure B.6.4.2. Trenton aquifer lithology.

Location 15210308888 Date Drilled 05/19/1965
County Williams Land Surface 1s01
Aquifer Trenton Total Depth 2205
Purpose Observation Well - Destroy- Bedrock Depth 178
Unit Pescription Begin Int End Int Thickness
SOIL Black 0 1 1
CLAY Dusky yellow, silty, calcareous, much fine lignite 1 53 52
GRAVEL Sandy, poorly sorted, angular 53 76 23
SAND Very fine, or silt (no sample) 76 83 7
GRAVEL Sandy, poorly sorted, maximum size 40 millimeter 83 99 16
SAND Fine to coarse, poorly sorted, much lignite 99 110 11
GRAVEL Sandy, poorly sorted, subrounded to rounded, 110 115 5
predominant size about 10 millimeters
CLAY Olive-black, sandy; color due to abundant lignite 115 126 1
particles
GRAVEL Sandy, poorly sorted; size ranged from about 0.25 126 137 1
to 12 millimeters, predominant sizes are 1 and 10
millimeters
CLAY Olive-gray to greenish gray, sandy and silty, 137 148 11
calcareous
SAND Fine to coarse, poorly sorted, angutar 148 173 25
GRAVEL Fine, much lignite 173 178 5
CLAY Light gray to brownish gray, sandy and silty (Fort 178 220 42
Union Group)
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Figure B.7.1.1. Goodman Creek aquifer lithology.

Location
County
Aquiter
Purpose

14509021AAA1 Date Drilled 05/08/1969

Mercer Land Surface 0
Goodman Creek Total Depth 240
Observation Wall Bedrock Depth 208

Unit

Description Begin Int End Int

Thickness

TOPSOIL

Sandy, %ravelly, silty. moderate yellowish brown 1o 0 1
brownish black

1

cLay

Very silty, dusky yellow to light brownish gray, 1 20
cohesive, plastic, very calcareous, cccasional
larminations (Alluvium)

19

SAND

Very fine to medium grained, subangular to 20 34
subrounded, moderately well sorted, interbedded
throughout with clay lenses (Alluvium)

14

cLAY

Very silty, slightly sandy, bluish-black, laminated, 34 38
naceous, calcareous (Alluvium)

SAND

Very slightly gravelly, very fine 1o coarse grained 38 80
(mostly medium grained) subangular to rounded,
fair sorting, mostly quartz, some shale, lignite and
sandstone, taking water

42

SILT

Clayey, slightly sandy, (interbedded with fine 80 180
grained sand) olive gray to medium dark gray with
numerous light olive gray faminations, very plastic,
slightly cohesive, numerous detrital lignite chips,
calcareous (Alluvium)

100

SAND

Slightly gravelly, very fine to coarse grained, 180 180
subangular to rounded, moderately well sorted,
mostly quartz and shale, lignitic

10

GRAVEL

Sandy, (approximately 20-40% fine to very coarse 180 208
grained sand) fine to medium, angular to
subrounded, moderately well sorted, mostly
westem-source rocks and local derivatives, some
:imestone. dolostone and granitics, taking water,
ignitic

18

SHALE

Very silty, clayey, medium bluish-gray to brownish 208 240
gray, bedded, moderately indurated, non-
calcareous, (Sentinel Butte Formation)

32
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Figure B.7.2.1. Killdeer aquifer lithology.

Location

County
Aquifer

Purpose

Unknown

13808926CCD Date Drilled
Morion Land Surface
Killdeer Total Depth
Bedrock Depth

06/16/1975

0
320
293

Unit

Description

Begin Int

End Int Thickness

CLAY

Moderate yellowish brown, very silty, slightly
sandy, slightly plastic oxidized and iron stained,
soft, small amount of lignite

0

60

60

CLAY

As above, medium gray to medium dark gray,
harder

60

86

26

SAND

Very fine to medium, predominantly fine, angular
to subrounded, mastly quartz, considerable
amount of lignite, small amount of carbonates nd
igneous, well sorted

86

149

63

GRAVEL

Medium 10 very coarse, angular to subangular,
mostly granitics, small amount of carbonates and
igneous and lignite

149

152

CLAY

Medium dark gray, very silty, moderately sandy,
tight, slightly plaslic, moderate amount of ligniie

152

232

80

CLAY

Dark gray, silty, sandy, petbly, very slightly plastic,
moderately hard (till)

232

203

61

SAND

Fine 1o medium, very rocky the first few feet,
grayish green (Tongue River)

293

320

27
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Figure B.7.2.2. Killdeer aquifer lithology.

Lacation 14109130DAD Date Drilled 06/18/1974
County Stark Land Surface 4
Aquifer Killdeer Total Depth 245
Purpose Observation Well - Destroy. Bedrock Depth 237
Unit Description Begin Int End Int Thickness
SAND Silty, very fine to fine, subrounded, light brown 0 6 6

staining, oxidized, moderately well sorted

SILT Clayey, very sandy, sand lenses, dark yellowish 6 20 14
brown with olive gray mottling and laminae,
slightly cohesive, soft, crumbly, oxidized

[{@22t | M AN

CLAY Very silty, interbedded with gravelly sand lenses, 20 36 16
olive gray with greenish gray and light olive gray,
mottling, cohesive 1o highly plastic, calcareous,
angular, lignite fragments

SAND Numerous clay lenses, very fine 10 very coarse, 36 58 22
mostly fine to medium, slightly gravelly,
subangular to subrounded, fair sorting, small
amount of detrital lignite

SILT Very sandy, clayey, sand lenses, olive gray, 58 88 30
slightly cohesive, crumbly, calcareous

CLAY Silty, olive gray to dark greenish gray, very 88 158 70
cohesive, sticky, highly calcareous, small amount
!of detrital lignite, occasional interbedded sand
enses

SAND Very fine to very coarse (mostly medium to 158 206 48
coarse), very slightly gravelly, subangular to
rounded, well sorted, 75% quartz, 10% shale,
15% feldspar, lignite, scoria, a few thin clay layers

!
!

SILT Clayey, sandy, sand lenses, olive gray to medium 206 237 31
dark gray, slightly cohesive, soft, crumbly, detrital
lignite fragments, a large amount of reworked
bedrock - sandstone, siltstone and shale

SANDSTONE Light gray to grayish white, very fine, hard and 237 245 8
cemented, highly calcareous, limey
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Figure B.7.2 3. Killdeer aquifer lithology.

Location
County
Aquifer
Purpose

14109404BAA Date Drilled

Dunn

Land Surface

Kilideer Total Depth

Observation Well - Pluggec Bedrock Depth

06/1111974
0
220
196

Unit

Description

Begin int End Int

Thickness

CLAY

Very silty, sandy, moderate yellowish brown,
moderately cohesive, plastic, oxidized (Colluvium)

0 30

30

CLAY

Silty, moderate yellowish brown, plastic, very
cohesive, sticky, oxidized (Lake Sediment)

30 48

18

CLAY

Same as above, only olive gray (Lake Sediment)

48 66

i8

SAND

Qccasional clay layers, very fine to coarse, mostly
{ine to medium, very slighlly gravelly, subrounded,
moderately well sorted, a large amount of detrital
lignite, used water

66 168

102

GRAVEL

Very sandy, fine to coarse, angular to rounded, fair
sorting, approximately 40% brownish western
silicates, 40% local sandstone, siitstone and
limestone, 20% carbonates, shale and granitics,
small amount of detrital lignite

168 184

16

CLAY

Silty, medium light gray to lignite gray, highly
calcareous, stiff

184 194

10

GRAVEL

Clayey, sandy, large amount of detrital lignite, fine
to very coarse, mostly local sandsione and
siltstone, brownish western silicates, pcorly sorted

194 196

SILTSTONE

Siliceous, medium gray to medium dark gray with
light greenish c?ray to brownish gray mottling,
moderately indurated, non-calcareous, smait
amount of thin sandy claystone bedding

196 220

24
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Figure B.7.3.1. Knife River aquifer lithology.

Location 14209114868 Date Drilled 08/19/1974
County Dunn Land Surface Y
Aquifer Knife River Total Depth 160
Purpose Observation Well - Pluggec Bedrock Depth 140
Unit Description Begin Int End int Thickness
CLAY Very silty, sandy, moderately yellowish brown, 0 12 12
slightly cohesive, crumbly, oxidized (Colluvium)
SAND Clayey and silty, fine 1o coarse, stained reddish 12 22 10
brown, fair sorting, oxidized
SAND Slightly clayey, very fine to very coarse, mostly 22 60 38
medium to coarse, subangular to roeunded, fair to
good sorting, containing scoria and lignite
SILT Clayey, occasional thin sand layers, medium light 60 116 56
gray to ofive ?ray. soft, moderately plastic to
crumbly, highly calcarecus, small amount of
detrital lignite
CLAY Silty, olive gray, very cohesive, highly plastic, 116 140 24
calcareous, small amount of detrital lignite
{Tongue River Formation)
LIMESTONE Medium gray to light gray, hard, microcrystalline 140 145 5
SILTSTONE Light gray to grayish white, moderately indurated, 145 150 5
moderately calcareous, sandy
LIMESTONE ;Medium dark gray, very hard, microcrystalline 150 153 3
SILTSTONE Light gre?', sandy, highly calcareous, modarately 153 160 7
indurat
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Figure B.7.4.1. Missouri River aquifer lithology.

Location 13708024ABC Date Drilled 09/15/1961
County Burleigh Land Surface 1627
Aquifer Missouri River Total Depth 126
Purpose Observation Well Bedrock Depth 15
Unit Description Begin int End Int Thickness
CLAY Pale yellowish brown, silty, slightly cohesive, 0 11 11
strongly effervescent
CLAY Light olive gray, silty, very cohesive, blackish 1 21 10
lignitic or organic areas, strongly effervescent
SAND Very fine to coarse, unsorted, subrounded to 21 81 60
rounded, predominantly quariz, abundant lignite
{fragments, purple colored wood fragments, very
sparse snail shell fragment
GRAVEL Fine to medium, sandy, unsorted, subangular to 81 80 9
subrounded, abundant quartz and abundant
brownish grains and pebbles, lignite fragments
GRAVEL Fine fo coarse sandy, subrounded to well rounded, 80 104 14
brownish pebbles, predaminantly lignite fragments
SAND Medium to very coarse, gravelly, subrounded, 104 115 11
predominantly quartz with abundant brownish
rains, fine to coarse gravel, lignite fragments
?Hen Creek)
CLAY Grayish blue silty (Hell Creek) 115 126 1
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Figure B.7.4.2. Missouri River aquifer lithology.

Location 14408221CDOD Date Drilled 07/07/1969
County Ofiver Land Surface 1675
Aquifer Missouri River Total Depth 140
Purpose Observation Well Bedrock Depth 1
Unit Description Begin Int End Int Thickness
TOPSOIL Black sandy, silty loam 0 1 1
SILT Silt, sandy, clayey, yellowish gray 1 20 19
SAND Medium to very coarse grained, some gravel, 20 40 20
abundant lignite
GRAVEL Sandy, lignitic, clay beds in lower part 40 80 40
SILT ;\rﬁat;) sand, medium to coarse grained, lignitic, dark 80 84 4
SAND Medium to coarse grained, lignitic 84 m 27
CLAYSTONE Silty, sandy, brown, to light olive gray (bedrock - mn 140 29
Cannonball or Ludlow Fm.)
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Figure B.7.5.1. White Shield aquifer lithology.

Location 14908924AAA Date Drilled 07131970
County MclLean Land Surface 1955.67
Aquifer White Shield Total Depth 380
Purpose Observation Well Bedrock Depth 342
Unit Description Begin Int End Int Thickness
TOPSOIL Pebbly loam, black 0 1 1
CLAY Silty with sand grains and pebbles, dusky yellow 1 18 17

to moderate olive brown, moderately soft,
cohesive, moderately plastic, oxidized (ill)
yellov(lish gray, leached and jointed to 4' below
0DS0i

SAND Fine and medium, brownish, loose, sorted, 18 26 8
subrounded, mostly quartz and carbonates with
b:opl;giliceous shale, carbonates, heavily iron
stain

CLAY Silty and sandy, light olive to olive gray, soft, 26 36 10
slightly to moderalely cohesive, slightly plastic

SHALE Greenish gray, slightly hard, slightly brittle to very 36 44 8
stiff, smooth, tight, bentonitic

SAND Coarse to fine 1o coarse again, dark gray, 50% 44 52 8
quariz and 50% dark siliceous shale and lignite,
generally subangular

SILT Very light gray to light greenish gray, moderately 52| 68 16
soft, slightly cohesive, calcareous, occasional
pebble

SAND Very fine and silty, light greenish to greenish gray, 68 78 10

soft to moderately soft, non to cohesive,
occasional pebble

SAND Coarse, brownish gray, sorted, angular to 78 85 7
subrounded, mostly iron stained, limestone and
silistone with concretion chips and lignite

CLAY Silty to sandy with pebbles, very dark brown, 85 96 11
moderately soft, cohesive, chunky, tight (tifl)

SAND Fine 10 very coarse with interbadded lenses of 96 185 8s
clay, silt and occasionally fine gravel, thinly
interbedded and very variable

CLAY Silty to sandy with pebbles, clive gray, moderately 185 193 8

soft, cohesive, stiff (till)
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Figure B.7.5.2. White Shield aquifer lithology.

Location 15109234DAA Date Drilled 08/06/1966
County Mountrail Land Surface 1891
Aquifer White Shield Total Depth 200
Purpose Observation Well - Destroy. Bedrock Depth 170
Unit Description Begin Int End Int Thickness
TOPSOIL Sandy loam, black 0 1 1
SAND Fine and medium, slightly ciayey, dusky yellow, 1 21 20
loose 1o slightly cohesive, oxidized
CLAY Silty with sand grains and pebbles, moderate olive 21 49 28
brown, soft to moderately soft, cohesive, fairly
tight, oxidized (till)
CLAY As above, olive gray, unoxidized, very few cobbles T4 " 60 1"
and boulders (till
GRAVEL Fine and mediu.m. some sand, moderately“‘;aell 60 66 6
sorted, generally subrounded, mostly limestone
with granitic rocks
cLAY {Qlive gray, soft, smooth, plastic, light 66 70 4
GRAVEL As above, slightly rusty tint to iimestone pebbles 70 74 4
SAND Fine and medium, well sorted, subrounded, mostly 74 83 9
quartz and very lignitic
CLAY Sandy, very fine, light olive gray, soft, moderately 83 87 4
cohesive
SAND Fine and medium, light gray, not as lignitic as sand 87 99 12
above
ST Light olive gray, soft, slightly cohesive ‘ 99 105 6
SAND Fine, some medium, gray, well sorted, 105 109 4
subrounded, quartzose
CLAY Silty and very sandy, light olive gray to olive gray, 109 124 15
soft, moderately cohesive i
§
GRAVEL Fine and medium, sandy, dark brown, mostly 124 i 17
siliceous rocks and heavily iron stained limestone
and shale
CLAY Olive gray with biuish tint, moderately soft to 141 145 4
slightty hard, very cohesive and tight
GRAVEL As above, dark brown, fine to coarse with lenses 145 170 25
of clay and sand
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Figure B.8.1.1. Lake Nettie aquifer lithology.

Location
County
Aquifer
Purpose

14607830D0D Dale Drilled
Sheridan Land Surface
Lake Nettie Total Depth
Observation Well - Destroy. Bedrock Depth

051311971

1895
500
495

Unit

Description

Begin Int

End Int

Thickness

TOPSOIL

silty, clayey, sandy, grayish black

0

clay

silty. sandy, pebbly, dusky yellow to moderate
yellowish brown, moderately cohesive and plastic,
oxidized; TILL

1

clay

silty, moderately sandy, pebbly, olive gray,
%Tsive, moderately plastic, calcareous; cobbles;

35

105

70

shale block

very, sandy, dark greenish gray, indurated, slightiy
calcareous

105

15

10

clay

silty, moderalely sandy, pebbly, gravelly, olive
%‘E{ cohesive, moderately plaslic, calcareous;

115

225

110

clay

very silty, olive gray to medium dark gray, very
cohesive, highly plastic, calcareous; scattered
light alive gray laminations (fluvial}

225

251

26

clay

silty, moderately sandy, pebbly, olive gray,
cohesive, moderately plastic, calcareous: a few
cobbles; TILL

251}

272

21

gravei

very clayey, moderately sandy, fine to medium,
angular to subrounded, poorly sorted; 50%
carbonates, 30% igneous and metamorphic and
20% siliceous rock fragments (shale, silistone and
detrital fignite); (no water loss)

272

336

clay

very sandy, silty, cohesive, slig:? plastic,
moderately calcareous, scattered pebbles; olive
%:E{ with scattered dark greenish gray sireaks;

336

376

sand

gravelly, moderately clayey, very fine to very
coarse, mosltljy fine to medium, subangular to
rounded, moderately well sorted, moderately
lignitic; mostly quartz and feldspar with some
carbonate grains; (no appreciable water loss with
thin mud)

376!

485

109

gravel

and cobbles; sandy, fine to coarse, angular 1o well
rounded, fairly sorted; (taking some water)

485

495

10
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Figure B.8.1.2. Lake Nettie aquifer lithology.

Location 14808034DCC Date Drilled 08/10/1970
County McLean Land Surface 1867.5
Aquifer Lake Neitie Total Depth 360
Purpose Observation Well Bedrock Depth 335
Unit Description Begin Int End Int Thickness
TOPSOIL {sandy. pebbly, black 0 1 1
CLAY very silty and sandy, pebbly, yellowish gray to 1 25 24
g}ﬁ’derate clive-brown; with gravelly sand ienses
1
GRAVEL fine to medium, with some sand, subrounded 25 37 12
CLAY silty, olive-gray; scattered sand, pebbles and 37 66 29
lignite fragments (til))
GRAVEL fine 1o coarse, subangular to subrounded: till 66 80 14
layers 70-72 ft and 80-82 ft
SAND very fine to medium, silty, lignitic 80 100 20
SAND fine to coarse, silty; with gravel and detrital lignite 100 163 63
lenses
CLAY silty, sandy, pebbly, iignitic, olive gray (till} 163 190 27
SAND {medium, subrounded, dark-gray; scattered gravel- 180 198 8
size lignite fragments
GRAVEL coarse, subrounded; abundant cobbles and 198 214 16
boulders
CLAY silty, smooth, gray | 214 219 5
GRAVEL coarse, subrounded; abundant cobbles and 219 240 21
boulders; interbedded with silty clay lenses
CLAY silty, olive-gray, smooth, laminated 240 266 26
SAND very fine to medium, lignitic, subrounded, medium 266 300 34
gray
SiLT clayey, olive-gray 300 31 1
SAND very fine to fine, lignitic, medium gray an 322 "
SAND medium, lignitic, medium-gray | 322 335 13
SANDSTONE very fine 1o fine, hard, calcareous, light gray (Fort 335 338 3
Unton Group)
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Figure B.8.2.1. Lost Lake aquifer lithology.

Location 14308102BBCB1 Date Drilled 11/06/1985
County McLean Land Surface 1731.9
Aquifer Lost Lake Total Depth 236
Purpose Obssrvation Well Bedrock Depth 234
Unit I Description Begin Int End Int Thickness
TOPSOIL iNo description 0 1 1
SAND [Coarse, oxidized 1 4 3
i
SILT Dark yellowish orange, oxidized, slightly clayey 4 8 4
SAND Coarse sand to fine gravel, predominantly very 8 14 6
coarse sand
SILT As above h 14 20 6
SAND Very fine grading to coarse 20 32 12
GRAVEL Coarse sand to gravel 1" diameter, predominantly 32 47 15
1/4" to 1/2" diameter, rounded, oxidized
TiLL Olive gray, silty, sandy, gravel 62 to 65, a few 47 100 53
cobbles at 82'
CLAY Olive gray (Lacustrine) 100 124 24
SAND Fine 1o medium, rounded, quartz and lignite clay 124 234 110
lenses at 132!, 137", 142' lo 145", 148" to 152, clay
lense at 158", sand predominantly very coarse at
180', moderately well rounded, balow 200"
predominantly coarse sand, thin interbedded clay
205'10 211"
BEDROCK Shale, brown, tight, waxy 234 236 2

B-50




APPENDIX B - LITHOLOGY

Figure B.8.3.1. Butte aquifer lithology.
15107821CBB1 081111978
McHenry
Butte

Date Drilled
Land Surface 1620
Tolal Depth 240
Bedrock Depth 213

Location
County
Aquifer

Purpose Observation Well - Pluggec

Unit

Description

Begin Int

End Int

Thickness

CLAY

Sitty, sandy, pebbly; light olive-brown, oxidized,
compact and cohesive clay; very silty, sandy, and
moderately pebbly

0

7

GRAVEL

Sandy; fine-coarse gravel, very fine-very coarse

sand {15% medium and coarse gravel, 30% fine
ravel), (40% coarse and very coarse sand)

?1 5-20% medium sand, fine and very fine sand);

carbonates 30-40%, quartz 30%, shale 20%,

igneous and metamorphic rocks 10%; {air sorting;

subangular to rounded; oxidized

36

29

SILT

Sandy; brown-black silty with 30% very fine-fine
sand; poor sample return (for thick mud) with 10%
lignite fragments, coarse sand

36

68

32

SILT

Sandy, pebbly; dark gray silty with 20-30% very
fine sand and 10-20% medium-very coarse sand
with 10-20% pebbles, sand is very lignilic

68

144

76

SAND

Silty; very fine-medium sand with 20-30% silt;
predominantly quartz (40%), carbonates
(30-40%), shale (20%); well sorted

144

156

12

SAND

Silty, very fine-very coarse sand; with 20-30% silt;
sand, predominantly coarse 40-50%, 20% very
coarse, 30% medium, 5-10% fine and very fine);
fairly well sorted to fair sorting, predominantly
quartz

156

178

CLAY

Silty, sandy; medium grey, moderately compact
and cohesive; very silty and sandy

178

182

GRAVEL

Sandy; fine-medium gravel, very fine-very coarse
sand; 30-40% fine grave!, 10-20% medium gravel;
20-30% medium-very coarse sand, 10% very fine-
fine sand; fair sorting to fairly well sorted;
predominantly carbonaceous 30-40%, quartz
20-30%, shale 20-30%,; subrounded-rounded; with
clay stringers at 196-198 and 204-205 ft.

182

213

31
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Figure B.8.3.2. Martin aquifer lithology.

APPENDIX B - LITHOLOGY

Location 15107615ADC Date Drilled 08/25/1966
County McHenry Land Surface 1600
Aquifer Martin Total Depth 105
Purpose Observation Well - Destroy: Bedrock Depth 78
Unit Description Begin Int End Int Thickness
TOPSOIL { Brownish-black 0 2 2
SAND Fine to medium grained, subangular to 2 15 13
subrounded, oxidized
SAND iMedium grained, subrounded to subangular 151 35 20
SAND Medium to coarse grained, subangular to 35 45 10
subrounded
SAND Very coarse to coarse grained, subrounded 45 55 10
SAND Very fine to medium grained, siity, subangular 55 73 18
GRAVEL Fine to medium, subangular to angular % 73 78 5
SILTSTONE Dark-greenish-gray, clayey, moderately indurated 78 105 27
{bedrock - Hell Creek Formation)
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Figure B.8.5.1. Strawberry Lake aquifer lithology.

Location 15008024DCC Date Dritled 11/02/1982
County McLean Land Surface 1997.75
Aquifer Strawberry Lake Total Depth 120
Purpose Cbservation Well Bedrock Depth 105
Unit Description Begin int End Int Thickness
TOPSOIL No description 0 1 1
SAND & GRAVEL Coarse sand to coarse gravel predominantly very 1 25 24
coarse sand, angular to rounded, predominantly
rounded, carbonates, medium to coarse sand with
detrital lignite, oxidized
GRAVEL Fine to very coarse, predominantly medium, 25 44 19
angular to rounded, predominantly subangular,
carbonates, oxidized
SILT Yellow brown, oxidized, slightly clayey 44 49 5
GRAVEL Fine to coarse, predominantly fine, angular to 49 78 29
rounded, carbonates, oxidized, interbedded with
silt, below 60' there is equal proportions of shale
and carbonates , non-oxidized, silts are olive gray
becoming very coarse at 75'
SAND No description 78 82 4
GRAVEL Very coarse 82 83 1
TILL Olive gray, siity and psbbly, moderately cohesive 83 105 22
and plastic
SANDSTONE Yellowish green, oxidized, fine grain, well soried, 105 120 15
subangular and angutar, slightly argillaceous,
carbonaceous, poorly indurated
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Figure B.8.6.1. Turtle Lake aquifer lithology.

Location 14708128ADD Date Drilied 07/31/1967
County McLean Land Surface 1836.83
Aquifer Turtle Lake Total Depth 120
Purpose Observation Well Bedrock Depth 85
Unit Description Begin Int End Int Thickness
Topsoil Clay silty, grayish black. 0 1 1
Clay silty, sandy, dusky yellow (till). ! 1 10 9
Clay silty, gravelly, olive-gray (till}. 10' 26 16
Sand ivery fine to fine, clayey. 26 41 15
Clay silty, sandy, olive gray (till). 41 61 20
Gravel fine, sandy, angular to subrounded. 61 85 24
Sandstone fine to medium, noncalcareous, bluish gray. 85 120 35
Figure B.8.6.2. Weller Slough aquifer lithology.
Location 14608315CCC Date Drilled 07/07/1970
County McLean Land Surface 1958
Aquifer Weller Slough Total Depth 460
Purpose Observation Well - Pluggec Bedrock Depth 408
Unit Description Begin Int End Int Thickness
SILT pebbly, black, (topsoit) 0 1 1
CLAY silty, moderate olive brown; scattered sand and 1 65 64
pebbles, (TiLL) :
CLAY silty, olive gray; scaltered sand and pebbles, {TILL) 65 101 36
SAND fine to very fine, silty, clayey, subangular to 101! 128 27
subrounded
CLAY silty, calcareous, gray 128 258 130
CLAY :ﬁtg,l%a:‘?gyég{::e(l%ﬁve gray; scattered pebbles 258 273% 15
’ |
GRAVEL fine to madium, sandy, angular to subrounded 273 292 19
st in Spote, shoniy Cohasive: oot Sarmoie st 292 08 e
ce:ta:tg\)gs wash out in drilling fiuid (drills fast and
AN X e B
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Figure B.8.6.3. Wolf Creek aquifer lithology.

Localion
County
Aquifer
Purpose

14708312CCC Date Drilled
McLean Land Surface

Wolf Creek Total Depth
Observation Well Bedrock Depth

06/26/1985

1854.3
86
48

Unit

Description

Begin Int

End Int

Thickness

TOPSOIL

dark reddish brown, silty and sandy

1

CLAY

sli?htly silty, light gray to grayish white; crumbly,
soft

3

cLAY

silty to very silty, yellowish brown; soft, moderately
cohesive, slightly plastic, oxidized

SAND & GRAVEL

very fine sand to medium gravel, mostly medium
sand to fine gravel; poorly sorted, subangular to
subrounded; predominantly carbonates, shale,
and quartz

10

CLAY

silty, slightly sandy and gravelly with very fine
sand to fine gravel, yellowish brown to dark
yellowish brown; moderately soft, moderatety
cohesive, slightly to moderately plastic, gritty,
somewhat stiff, (TiLL)

10

24

14

SAND & GRAVEL

very fine sand to fine gravel, mostly fine to
medium sand, moderately well sorted; mostly
shale, carbonates, and quariz

24

46

CLAYSTONE

dark maroon gray and dark brownish gray
interbedded; lignite layers; moderately firm,
slightly indurated and compact, moderately to very
friable; some layers slightly soft to slightiy firm,
nonindurated; with greenish gray and brownish
gray layers 70-80 ft

46

80

34
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Figure B.9.1.1. Cherry Lake aquifer lithology.

Location 14906313BAAB1 Date Drilled 08/12/1987

County Eddy Land Surface 14987.37

Aquifer Cherry Lake Total Depth 160

Purpose Observation Well Bedrock Depth 124

Unit Description Begin int End Int Thickness
i
CLAY Very silty, soft, plastic 3 7 4
SAND Fine to coarse, predominantly medium to coarse, 7 12 5
subrounded to rounded, predominantly quartz
GRAVEL Sandy, medium sand o pebbles, predominantly 13 14 1
subangular to rounded, limestone and shale
granules
CLAY Silty h 14 21 7
CLAY Sitty o 23 25 2
CLAY Very silty, very sandy, pebbly, soft, slightiy 26 43 17
crumbly, olive gray (tilf)
GRAVEL Rounded, shale pebbles 43 45 2
CLAY Slightly silty, slightly sandy, very pebbly, firm, waxy a5 96} 51
{till), rock at 84 ft. ;
]
GRAVEL Very sandy, coarse sand and fine pebbles, 96 10 5
predominantly very coarse sand and fine and
medium granules; 30% coarse sand to very
coarse sand, subangular to rounded, 1/2 quariz,
1/2 shale and limestone, 50% granules,
subangular and rounded, limestone and shale,
20% rounded shale pebbles
TILL As above 101 124 23
SHALE Nonsilty, poorly to moderately indurated, waxy. ! 124; 160 36
dark gray to black, some is very fissile E

B-56




APPENDIX B - LITHOLOGY

Figure B.9.2.1. Eastman aquifer lithology.

Location 145062160DD Date Drilled 11/14/1891
County Foster Land Surface 1503.56
Aquifer Eastman Total Depth 180
Purpose Observation Well Bedrock Depth 171
Unit Description Begin int End Int Thickness
CLAY Clay, medium yellowish brown, 25%, with silt, 2 4 2
sand, & gravel, (oxidized till) :
SILT Medium to dark yellowish brown, argillaceous 4 9 5
CLAY Clay, dark yellowish brown, 25%, with silt, sand, & 9 24 15
gravel, sandy to argillaceous, somewhat rocky,
drills slow, rock at 24", (oxidized till)
CLAY Clay, olive gray, 30%, moderately cohesive, with 24 103 79
silt, sand, & gravel, rocks at 33', 35'
SAND Coarse grained, poorly sorted, some grave! (15%), 103 133 30
subangular to subrounded, silicates, carbonates,
shale, lignite
SAND & GRAVEL 25% gravel, graded, lithology as ‘sand', above, 133 171 38
rocks at 144’
CLAY Olive gray, still, {bedrock - Pierre Formation) 171 180 8
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Figure B.9.3.1. Manfred aquifer lithology.

Location 14807213ACD1 Date Drilled 06/28/1988
County Wells Land Surface 1617.06
Aquifer Manfred Total Depth 210
Purpose Observation Well - Pluggec Bedrock Depth 191
Unit Description Begin Int End Int Thickness
CLAY yellow to yellow brownish gray, moderately to very 1 4 3

soft, weathered and oxidized sand and gravel
inclusions, silty, (TILL)

SAND & GRAVEL poorly sorted, highly oxidized 4 7 3
CLAY oxidized Till, as above 7 14 7
CLAY medium gray, moderately firm, unoxidized, sand 14 21 7

and gravel inclusions, (TILL)

SAND fine to coarse, predominantly medium, moderately 21 33 12
well sorted, rounded to subangular, mainly
rounded to subrounded, 50-60% quartz, 20%
carbonates, 10% shale, 10% rock fragments

SILT sandy silt to clayey silty sand, drilled slightly 33 42 9
tighter, cultings are soft and break apart easily

SAND & GRAVEL fine to very coarse to 3 mm gravel, moderate 42 56 14
sorting, mainly coarse sand, rounded to
subangular, same lithology as above sand

SILT sandy silt to clayey silty very fine sand, drilled 56 84 28
slightly tighter, lignitic form 74-84 ft

SAND & GRAVEL fine to 5 mm gravel, mainly coarse sand, 84 104 20
moderate sorting, 50% quartz, 20% carbonates,
20% igneous and metamorphic rock fragments,
10% shale and lignite

SILT sandy clayey silt to silty clayey to fine sand, drills 104 120 16
moderately fast drilling

SAND & GRAVEL as above, generally medium to coarse sand; 1-2 ft 120 159 39
layers of clay 144-159 ft interbedded

SILT clayey silts to sifty very fine sand, smooth texture, 159 171 12
moderately tight drilling, (TILL?) (lacustrine)

CLAY medium gray, moderately firm, sand and gravel 171 191 20
inclusions, siity, (TILL)
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Figure B.9.4.1. New Rockford aquifer lithology.

Locaion  14806913BCC Date Drilied 08/28/1986
County Wells Land Surface 1577.9
Aquifer New Rocktord Total Depth 260
Purpose Observation Well Bedrock Depth 244
Unit Description Begin Int End Int Thickness
TOPSOIL No description 0 2 2
CLAY Very silty, very sandy (very fine), pebbly, soft, 21 16 14

slightly plastic to slightly triable, oxidized, yellow
brown mottled with dark yellow orange and
reddish brown (till)

CLAY Very silty, ver; é;xndy, pebbly, soft, more plastic, 16 ) 21 5
unoxidized, olive gray {till)

SAND Very fine to coarse predominantly very fine to fine 21 22 1
{80%) 10% medium to coarse, subrounded to
rounded, 80% quartz, 10% limestone

CLAY Silty (less than above) slightly sandy, pebbly, ! 22 35 13
slightly firm, plastic to slightly brittle, olive gray (till)
rock at 35'

GRAVEL Coarse pebble, round to subrounded, limestone 35 36 1
and shale

TiLL As above 36 136% 100

SAND Gravelly, medium sand to fine pebbles, 80% 136 156 20

coarse to very coarse sand, 10% medium sand,
10% gravel angular o rounded, predominantty
subrounded to round (80%) 85% quartz,
predominanily as sand, 15% shale and limestone
pebbles, some chert fragments

cLAY Gray, plastic 3 156 158 2

SAND Slightly gravelly, medium sand to fine pebbles, 158 182 24
predominantly coarse sand, angular to rounded,
predominantly subrounded to rounded, coarse
sand, predominantly quartz with some limestone,
?ra\_/tel, limestone and shale, increasing detrital
ignite

t
i

i
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Figure B.9.4.2. New Rockford aquifer lithology.

Location 14506104DAD1 Date Drilled 11/04/1970
County Griggs Land Surface 1470
Aquiter New Rockiord Total Depth 166
Purpose Observation Well - Records Bedrock Depth 0
Unit Description Begin Int End Int Thickness
TOPSOIL Silty, clayey, moderately sandy, grayish-black 0 1 1
CLAY Silty, moderately sandy, pebbly, occasional 1 18 17

cobbles and boulders, dusky yellow to moderate
yellowish-brown, cohesive, slightly plastic,
oxidized (till)

CLAY Silty, moderately sandy, pebbly, occasional 18 40 22
cobbles and boulders, olive gray, cohesive, slightly
plastic, calcareous (till)

SAND Interbedded with thin silty clay ienses, very fine - 40 82 42
to medium-grained, subangular 1o rounded,
moderately well-sorted, about 60% quartz and
feldspar, 30% shale and lignite, 10% carbonates
and siliceous rock fragments, taking some water,
not caving in

CLAY Slity, moderately sandy, pebbly, a few cobbles, 82 96 14
olive gray, moderately cohesive, plastic,
calcareous (till)

SAND Very fine — 1o medium-grained, subangular to 96 28 2
rounded, maderately well-sorted, mostly quartz,
poor samples

CLAY Very silty, very sandy, pebbly, olive gray, cohesive, 98 101 3

plastic, highty calcareous (tiil)

SAND Interbedded with a few thin silty clay lenses, very 101 160 59
fine - to very coarse-grained (mostly medium-
grained, becomes more coarse from 130" to 135'),
subangular to rounded, well-sorted, about 70%
quartz and feldspar, 15% shale and lignite, 15%
carbonates and siliceous rock fragments, small
water loss
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Figure B.9.4.3. New Rockford aquifer lithology.

Location 15107328CCC Date Drifled 05/28/1870
County Pierce Land Surface 1632
Aquiter New Rockford Total Depth 190
Purpose Observation Well - Pluggec Bedrock Depth 185
Unit Description Begin Int End Int Thickness
TOPSOIL Brown, silty to sandy 0 1 1
TILL Dusky yellow to moderate-yellowish-brown, very 1 16 15
silty, sandy, oxidized
TiLL Olive-gray, moderately silty 16 32 16
-— i
SAND Very fine to medium, subangular to rounded, silty, 32 49 17
well sorted, mostly quartz and detrital lignite
TiLL Olive-gray, silty 49 67 18
GRAVEL Fine to coarse, angular to subrot;nded. slightly 67 71 4
sandy, poorly sorted, mostly carbonates and
detrital shale
TILL Olive-gray, silty 71 148 77
GRAVEL Fine to coarse, subrounded, slightly sandy, poorly 148 163 15
sorted, about 40 percent carbonates, 30 percent
detrital shale, 30 percent granitics, siliceous,
rocks, and detrital lignite
TILL Olive-gray, silty, occasional thin lenses of sand 163 168 5
and gravel
GRAVEL Fine to coarse, angular to subrounded, slightly 168 181 13
sandy, some cobbles, fair sorting, about 40
percent carbonates, 30 percent detrital shale, 30
percent granitics, metamorphics, siliceous rocks,
and detrital lignite, occasional thin clay lenses
TILL Olive-gray, silty 181 185 4
SANDSTONE Medium gray, moderately silty, noncalcareous 185 190 5
(Fox Hills Formation)
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Figure B.9.5.1. Pipestem Creek aquifer lithology.

Location 14506810BCC Date Drilled 10/12/1865
County Wells Land Surface 1630
Aquifer Pipestem Creek Total Depth 525
Purpose Observation Well Bedrock Depth 30
Unit Description Begin Int End Int Thickness
TOPSOIL Sandy loam, black 0 1 1
GRAVEL Fine and medium with medium to very coarse 1 10 9

sand, subangular and subrounded, moderately
well sorted, brown, predominantly limestone and
granitic with lots of shale, iron-stained. Drills fast
- slightly rough in spots, took some waler

SAND Medium to very coarse with fine and medium 10 30 20
gravel, about same as above only greater
percentage of finer material

SHALE Olive gray to olive black, silty, moderately soft to 30 53 23
gl;?mhtiy hard and brittle, noncalcareous, Fierre
)
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Figure B.9.6.1. Spiritwood aquifer lithology in Benson County.

Location 15106227DDDA Date Drilled 09/01/1983
County Benson Land Surface 1463.95
Aquiter Spiritwood Total Depth 220
Purpose Observation Well Bedrock Depth 197
Unit Description Begin Int End Int Thickness
TOPSOIL dark brown, sandy, 0 1 1
SAND yellowish brown, fine to medium, oxidized T T 9
SAND gray, fine, to coarse unoxidized 10 12 2
TILL olive gray, pebbly clay loam, slicky, cohesive, 12 24 12
plastic, moderately hard
|
CLAY dark gray, slightly silty clay, massive, cohesive 24 53 29
plastic, sticky, hard
CLAY olive gray, sandy, pebbly loam, cohesive, plastic 53 69 16
SAND gray, slighty ity, fine 1o medium sand, lignite 69 85 16
ayers
CLAY slightly siity, gray, whitish gray benlonitic clay, drills 85 112 27
smooth, very hard, looks like bedrock, massive,
lake clay? ‘
! i
SAND igray, silty, very fine to fine sand, abundant lignite 112 148 36
layers
SAND & GRAVEL medium sand to granule gravel, largely coarse 148 184 36
sand, moderately well sorted, 60% silicates,
rounded, 30% shale and lignite, angular, and 10%
carbonates, subrounded
SAND & GRAVEL very coarse sand to medium gravel, largely fine ! 184 197 13
?ravel. moderately well sorted except for large
ragments of shale and lignite, 80% silicates, 30%
shale and lignite, and 20% carbonates
SHALE black to dark gray shale, hard, interbedded with 197! 220 23
dark gray clay and whitish gray bentonitic clay, ;
Pierre Shale, bedrock
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Figure B.9.6.2. Spiritwood aquifer lithology in Griggs County.

Location 14806018BBA Date Drilied 08/25/1971
County Griggs Land Surface 1495
Aquiter Spiritwood Total Depth 160
Purpose Observation Well - Destroy Bedrock Depth 135
Unit Description Begin Int End Int Thickness
TOPSOIL | Pebbly sill loam, black 0 1 1
SAND Fine to coarse, silty, dirty, assorted, subangular 1 5 4
and subrounded, heavily iron-stained
SILT iClayey to sandy, interbedded, yellowish gray to 5 22 17
dusky yellow, soft, slightly to moderately cohesive,
non {o slightly plastic, oxidized
SAND Fine, yeliowish gray, Ioose:;oned. subrounded, 22 27 5
quartzose
WS—ILT Clayey, olive gray, soft, moderately cohesive, 27 42 15
;nonplastic
SAND Medium, varies slightly from fine 1o coarse, well- 42 58 16
sorted and uniform, subrounded, loose, clean,
mostiy quartz
SILT As above, soft 58 66 8
CLAY Very silty and sandy with coarse sand grains and 66 80 14
pebbles, olive f?ray, moderately soft, cohesive,
moderately stiff (till)
SAND Medium to coarse, well-sorted and uniform, clean, 80 108/ 28
generally subrounded, mostly granitics and i
carbonates, nice
SAND As above, interbedded with silt and clay 108 135 27
SHALE Silty, medium dark gray to black, hard, very tight, 135 160 25
brittle, bentonitic
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Figure B.9.6.3. Spiritwood aquifer lithology in Griggs County.

Location 15406517AAA Date Drilled 08/12/1974
County Ramsey Land Surface 1467.78
Aquifer Spiritwood Total Depth 160
Purpose Observation Well Bedrock Depth 139
Unit Description Begin Int End int Thickness
CLAY Silty, sandy, pebbly, dark yellowish orange, 0 5 5
oxidized (till}
CLAY Silty, sandy, pebbly, dark yetlowish brown, 5 18 13
oxidized (till)
CLAY Silty, sandy, pebbly, dark gray; contains numerous 18 30 12
sand and gravel lenses (ull)
CLAY Silt;; sandy, pebbly, medium dark gré;;aontains 30 48 18
numerous sand and grave! lenses (till)
CLAY Silty, very sandy, pebbly, dark gray (till) 53 83 30
CLAY Very silty, sandy, pebbly, dark gray (till) l 83 93 10
SAND §Very fine to coarse, medium dark gray % 93 120 27
GRAVEL i Fine to medium, and very coarse sand [ 120 139 18
] ]
SHALE i Dark gray, hard, brittle (Pierre Formation) i 138 160 21
i
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Figure B.9.7.1. Tokio aquifer lithology.

Location  15106406CCC2 Date Drilled 11/04/1986
County Benson Land Surface 1583.5
Aquifer Tokio Total Depth 80
Purpose Observation Well Bedrock Depth 0
Unit Description Begin Int End Int Thickness
GRAVEL lsandy, unoxidized, 0 0
GRAVEL ] ;a;;rdy. oxidized, 70 % shale, well rounded to 1 4
subrounded, rocky

CLAY iyellowish brown to gray, oxidized 4 7
GRAVEL las above, oxidized 7 53 48
CLAY iolive gray, silty, sandy with pebbles, till 53 56
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Figure B.9.8.1. Warwick aquifer lithology.

Location 15006204BBA Date Drilled 07/22/1977

County Eddy Land Surface 1471.23

Aquifer Warwick Total Depth 70

Purpose Observation Well Bedrock Depth Y

Unit Description Begin Int End Int Thickness
TOPSOIL SILTY BLACK 0 0.5 05
SAND FINE, MEDIUM TO COARSE 0.5 21 20.5
SAND FINE, MEDIUM TO COARSE 10% GRAVEL 21 37 16
SAND FINE MEDIUM TO COARSE 35% GRAVEL LOTS 37 56 19
OF SHALE GRAVEL

CLAY SANDY, SILTY,OLIVE GRAY z 56 70 14

Figure B.9.8.2. Warwick aquifer lithology.

Location 15106336CCC Date Drilled 01/01/1968

County Benson Land Surface 1468

Agquifer Warwick Total Depih 82

Purpose Observation Well Bedrock Depth 0

Unit Description Begin Int End int Thickness
SAND Fine to medium, uniformly sorted 0; 28 28
SAND Fine to medium; predominantly quartz; uniformly 28 81 53
sorted; silty to clayey in places

TILL Olive gray, sandy 81} 82 1
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Figure B.10.2.1.McVille aquifer lithology.

Location 147058278BB Date Drilled 11/10/1970
County Griggs Land Surface 1325
Aquifer McVille Total Dapth 120
Purpose Observation Well Bedrock Depth 81
Unit Description Begin Int End Int Thickness
TOPSOIL Very sandy, silty, brownish-black 0 1 1
SAND Silty, slightly clayey, fine fo coarse grained, 1 9 8

subangular to rounded, moderately well-sorted,
mostly quartz and carbonates, well oxidized

CLAY Very silty, sandg. moderate yellowish-brown to 9 23 14
dark yellowish-brown, slightly cohesive,
moderalely plastic, oxidized (Alluvium)

SAND Slightly gravelly, fine to very coarse grained, 23 50 27
subangular to rounded, well sorted, about 60%
quartz and feldspar, 20% shale and 20% siliceous
rocks, taking some water, appears slightly
oxidized, mixed 1 bag benionite

GRAVEL Moderately sandy, fine to coarse, angular to well 50 69 19
rounded, about 70% shale, 15% carbonates and
15% siliceous rock, taking some water, not caving
in

CLAY Very silty, sandy, a few thin sand lenses, medium 69 78 9
dark gray, slightly cohesive, plastic, highly
calcareous (Glacio-Fluvial Sediment)

GRAVEL Sandy, boulders, cobbles, rough drilling, poorly 78 81 3
sorted
SHALE Moderately clayey, medium light gray, numerous 81 120 39

small white specks and rod-like brownish
concretions, well indurated, highly calcareous,
bedded, (Niobrara Formation)
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Figure B.11.3.1. Central Dakota aquifer in Stutsman County.

Location
County
Aquifer

Purpose

141068098881 Date Drilled
Stutsman Land Surface
Central Dakota Total Depth
Observation Well Bedrock Depth

07/12/2007

1878.19
460
402

02/23/2010

Unit

Description

Begin Int

End int

Thickness

SAND

Medium to coarse, trace fine to coarse gravel,
subrounded to rounded, diverse petrology

0

11

H

CLAY

Soft, dark yellowish brown (10YR 4/2) from 11-12
ft, olive gray (5Y 4/1) from 12 -28 ft, high plasticity,
trace fine sand to fine grave! (mostly carbonates)
-- oxidized till

11

29

18

SAND & GRAVEL

Medium sand to fine gravel, rounded to well
rounded, diverse petrology

29

CLAY

Soft, olive gray (SY 4/1), high plasticity, trace fine
sand to fine gravel (mostly carbonates) - reduced
ti

34

40

SAND & GRAVEL

Medium sand to fine gravel, rounded to well
rounded, diverse petrology

40

CLAY

Medium stiff from 44-60 ft, soft from 60-103 f,
olive gray (S5Y 4/1), high plasticity, trace tine sand
to fine gravel (mostly carbonates), rocks from
98-101 ft - till

44

103

59

SAND

Medium to coarse, subangular to rounded, little
fine gravel, predominantly shale and lignite: clay
from 121-122 ft

103

142

38

SILT

Medium stiff, dark gray (SYR 4/1) to olive gray
(5Y 4/1), low plasticity, little fine to medium sand
{mostly carbonates and shale) -- till

142

169

27

CLAY

Soft, olive gray (5Y 4/1), medium to high plasticity

169

184

15

CLAY

Soft, olive gray (5Y 4/1), medium to high plasticity,
little to few fine to medium sand -- till

184

193

SAND

Medium; subangular to rounded; mostly shale,
lignite, and carbonates; trace coarse sand to fine
gravel from 193-200 #; clay lens from 200-202 ft;
little to few coarse sand to fine grave! from
202-222 ft

193

222

29

CcLAY

Soft, 5Y 3/2, high plasticity, few fine to mediom
sand (mostly shale) -- till; loose, medium sand to
;:oarse gravel from 225-229 ft; rocks from 245-246
t

222

247

25

B-69




APPENDIX B - LITHOLOGY

Figure B.11.3.2. Central Dakota aquifer in Kidder County.

02/23/2010
Location 14207333AAA Date Drilled 08/17/1999
County Kidder Land Surface 1784
Aquifer No Obs Well Installed Total Depth 180
Purpose Test Hole Bedrock Depth 161
Unit Description Begin Int End Int Thickness
SAND Fine to Medium, Brown 0 12 12
SAND Fine to Medium, Gray 12 40 28
CLAY Silty, Medium Dark Gray 40 51 1
CLAY Silty, Sandy, Olive Gray 1 54 3
SAND Fine to Coarse, Gray 54 62 8
CLAY Silty, Sandy, Olive Gray 62 133 71
CLAY fStandy. Gray, Shale Fragments, Rocks at 160-161 133 161 28
SILTSTONE Soft, Dark Gray- Bedrock 161 180 19
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Figure B.11.3.3. Central Dakota aquifer in Kidder County.

02/23/2010

10/17/2007
1889.47

14307016BBB1
Kidder
Central Dakota

Date Drilled

Land Surface
Total Depth 317
Bedrock Depth 307

Location
County
Aquiter

Purpose QObservation Well

Unit

Description

Begin int

£nd Int

Thickness

CLAY

Soft, light olive gray (5Y 5/2) to moderale olive
brown (5Y 4/4), medium plasticily, trace fine to
coarse sand (mostly carbonates and shale);
reddish brown, orange, and gray motiles.
Oxidized till

15

14

CLAY

Medium stiff to stiff, olive gray (5Y 3/2), high
plasticity, trace fine sand to fine grave! (shale and
carbonates)., Reduced tilt

15

102

87

SAND & GRAVEL

Clean, fine sand 1o coarse gravel, subrounded to
rounded, mostly carbonates and shale.

102

114

12

CLAY

Soft, olive gray (5Y 3/2), medium plasticity, few
fine sand to fine gravel (mostly carbonates and
shale}. Till

114

122

SAND & GRAVEL

Clean, fine sand to coarse gravel, subrounded to
roundeg. f{nostly carbonates and shale. Till from
133-134 ft.

122

138

16

INTERBEDDED

Clean, fine sand to coarse gravel, subrounded to
rounded, mostly carbonates and shale; and soft,
olive gray (5Y 3/2), medium plasticity clay with few
fine s 1o fine gravel. Unit is approximately
50% sand and gravel and 50% clayey fill.

138

180

42

SAND & GRAVEL

Clean, fine sand to coarse gravel, subrounded to
rounded, mosily carbonates and shale.

180

203

GRAVEL

Clean, fine to coarse gravel, subrounded to
rounded, some medium to coarse sand, mostly
cobbles/boulders from 232-236 ft.

203

236

CLAY

Medium stiff, olive gray (5Y 3/2), high plasticity,
!:!i[:e fine to coarse sand (shale and carbonates}.
|

236

272

36

CLAY

Medium stifi, olive gray (SY 4/1), high plasticity,
massive.

272

307

35
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Figure B.11.3.4. Central Dakota aquifer in Stutsman County.

Location
County
Aquiter

Purpose

138077250DD Date Drilled
Burteigh Land Surface
Long Lake Total Depth
Observation Well - Pluggec Bedrock Depth

07/26/1978
1714.2
20
172

Unit

Description

Begin Int

End Int

Thickness

SAND

Very fine to fine, well sorted, light brown, in part
pale grayish white, moderately clayey and with
some light brown and pale gray clay layers

8

CLAY

Medium olive brown and medium gray somewhat
variegated, slightly to moderately silty, moderately
soft, cohesive, slightly 1o moderately sticky, tight,
some iron oxide mottles 8' to 12' Oxidized
Lacustrine

16

cLAaY

Medium gray slightly clive and light clive gray,
slightly to moderately silty, slighty sandy with very
fine to fine sand, moderately soft, cohesive,
slightly to moderately sticky moderately tight,
slightly lignitic with small fragments, contains
some very thin layers of fine to coarse sand,
contains some layers of soft, cohesive, moderately
to very sticky, moderately tight medium to very
clayey silt, occasional fine to medium gravel 85' o
98', 147" to 148' Lacustrine

16

185

139

SAND & GRAVEL

Very fine sand to medium gravel, mostly fine sand
to very coarse sand, 5% gravel, poorly sorted,
subangular to rounded, mostly subangutar,
contains silty clay layers 152' to 163', quartz,
much shale and limestone, some igneous,
occasional meta fragments, rock at 170"

155

172

17

SAND

Very fine to fine, well sorted, medium bluish gray,
slightly sitty, slightly to moderately indurated,
moderate io very friable, contains some layers of
light brownish gray, moderately indurated and
friable clay and silt Bedrock

172

200

28
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Figure B.12.1.1. Elm Creek aquifer lithology.

Location 13508416AAA1 Date Drilled 06/06/1974

County Morton Land Surface 1893

Aquifer Eim Creek Total Depth 360

Purpose Observation Well - Destroy: Bedrock Depth 333

Unit Description Begin int End Int Thickness

TOPSOIL gno description 0 1 1
SAND dirty, oxidized 1 6 5
SILT with very fine sand, moderately yellowish brown, 6 20 14

dark yellowish and very pale orange, variegated,
highly calcareous, oxidized

SAND mostly medium, 15-18 slot, predominantly quartz, 20 100 80
subangular to rounded, very nice, abundant lignite

SILT olive gray, clayey, cohesive, slightly calcareous 100 114 14

SAND fine to medium, 10-15 slot, predominantly quariz, 114 126 12
subangular, good, abundant lignite

SILT sandy, olive gray, fairly solid with sandy streaks 126 134 8

SILT clayey, olive gray, cohesive 134 160 26

SILT sandy, olive gray with sandy zones to sand streaks 160 200 40

GRAVEL granule, sandy to clayey, difty?, angular to 200 240 40

subangular, shale, limestone, quartz, eic. and
abundant lignite

SILT sandy as above 240 260 20

SAND fine to coarse, 15-18 slot, pred. quantz, shale, 260 316 56
shell fragments, subrounded, lignite lenses

ST clive gray, cohesive 316 333 17

SILTSTONE olive gray, solid, non-calcarecus, sandstone, 333 360 27

medium bluish gray to olive gray, variegated, thin
bedded, sandstone and shale i

!
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Figure B.12.2.1. Little Heart aquifer lithology.

Date Drilled 09/12/1973
Land Surface 0
Total Depth 200
Bedrock Depth 177

13508033DDA

Morton

Little Heart

Observation Well - Destroy:

Location
County
Aquifer
Pumpose

Unit

Description

Begin Int

End Int

Thickness

TOPSOIL

Clayey, fine sand loam, dark brown

2

SAND

Very fine and fine, silty and clayey, dusky yellow,
Yellowish gray and moderate olive brown, soff,
oose to siightly cohesive, lenticular, dry, oxidized

10

8

SAND

Medium to very coarse with fine gravel, rusty
brown, loose, soried but lenticular, subrounded
with subangular, iron stained, oxidized

10

21

1"

SILT

Including sandy clay, light olive gray with dark
taminations, soft, siightly to moderately cohesive,
lenticular

21

32

11

GRAVEL

Fine with coarse sand, well sorted, loose,
subrounded

32

39

SILT

Clayey to sandy (very fine to medium),
predominantly olive gray but laminated, soft and
slightly to moderately cohesive, layers of
moderately soft plastic clay and lenses of Icose
non-cohesive sand, soft

39

84

45

CLAY

Dark olive gray, moderately soft, cohesive, plastic,
sticky, smooth, tight

94

10

SILT

lLight olive gray, soft, crumbly

84

116

22

CLAY

jincluding siit, as above, interbedded

116

141

25

SAND

Very fine to very coarse, thinly interbedded with
silt and clay layers, highly lenticular

141

164

23

GRAVEL

Sandy, poorly sorted and lenticular

164

177

SHALE

Silty to slightly sandy, medium gray to dark bluish

gray with green and brown, thinly interbedded,
chunky and slightly crumbly to hard fissite and
brittle, tight carbonaceous, Fox Hills Formation

177

184

SANDSTONE

Very fine and clayey 1o loose and fine to medium,
more clayey sandy chunky friable and light

reenish gray, loose, dark green with black biotite
lakes interspersed, semi-consolidated, thin
concretions or sandstone layers

184

16
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Figure B.12.3.1. Shields aquifer lithology.

Location 13308328DCD Date Drilled 11131971
County Land Surface 1872
Aquifer Shields Total Depth 240
Purpose Observation Well Bedrock Depth 196
Unit Description Begin Int End Int Thickness
TOPSOIL Fine sandy loam, dark brown 0 2 2
CLAY Dark brown, sofl, moderately cohesive, slightly 2 8 6
plastic, sticky, organic rich
CLAY Silty, light olive gray, smooth, moderately soft, 8 18 10
cohesive, stiff
SILT Clayey, dusky yellow, soft, cohesive, slightly 18 23 5
plastic, oxidized
CLAY Silty, yellowish gray, moderately soft, smooth, 23 32 9
cohesive, stiff, slippery
SILT As above, dusky yellow, soft 32 36 4
CLAY Siity, light olive gray, moderately soft, cohesive, 36 45 9
smooth, moderately soft, cohesive, smooth,
moderately siiff, tight
'SAND Very fine and fine, light olive gray, loose, sorted, 45 51 6
subrounded
CLAY Light olive to olive gray, very silty, soft, moderately 51 57 6
cohesive
SAND Very fine 1o very coarse with a large amount of 57 86 29
detrital lignite, loose, used water
CLAY Silty, light olive and olive gray, soft, smoath, 86 157 71
cohesive and plastic to moderately soft and stiff,
thinly interbedded with silt and very fine fo fine
sand
SAND Fine and medium, light olive gray, well sorted and 157 180 23
uniform, subangular and subrounded, used water
CLAY Dark gray, modgrately soft to slightly hard, 180 180 10
cohesive, smooth, very tight
SAND Fine with medium, dark green, loose, subangular, 190 196 6
well sorted and uniform, bedrock
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Lithology of Beaver Creek aquifer.

Location 13007302CCC Date Drilled 08/10/1976
County Mcintosh Land Surtace 2030
Aquifer No Obs Well Installed Total Depth 140
Purpose Test Hole Bedrock Depth uz
Unit Description Begin Int End Int Thickness
SAND Gravel (25% gravel); very fine sand to medium 1 19 18
pebble; predominantly coarse sand; 50% quartz,
40% limestone, 10% shale; moderately sorted
CLAY ES!ightIy silty, slightly sandy, pebbly; olive-gray j 19 65 46
CLAY | Brownish gray 65 85 20
SILT lCIayey, slightly sandy (very fine); brownish gray 85 109 24
GRAVEL Sandy (60% gravel); medium sand to medium 109 17 8
pebble; predominantly very fine pebble; 50%
limestone, 40% quartz, 10% shale; poorly sorted
CLAY Britile; grayish black (Pierre Formation) 17 140 23
Figure B.13.1.2. Lithology of Beaver Creek aquifer.
Location 13007327AAA Date Drilled 08/06/1976
County Mclntosh Land Surface 2007
Aquifer Undefined Total Depth 160
Purpose Observation Well - Pluggec Bedrock Depth 132
Unit Description Begin Int End Int Thickness
i
CLAY Silty, sandy, slightly pebbly; dark yellowish brown 1 45 44
CLAY Slightly silty, slightly sandy, pebbly; grayish brown 45 53 8
CLAY Slightly silty, slightly sandy; pebbly; olive-gray 53 98 45
CLAY Sandy; very fine to fine 98 109 "
SAND Gravelly (15% gravel); very fine sand to medium 109 132 23
pebble: predominantly coarse sand, 80% quartz,
15% limestone, 5% shale; well-soned;
predominantly subrounded
CLAY Sandy (very fine 1o fine); dusky yellow {Fox Hills 132 136 4
Formation?)
CLAY Sandy ({very fine to fine); greenish gray (Fox Hills 136 142 6
Formation?}
CLAY Silty; brittle; grayish black (Pierre Formation) 142 154 12
CLAY Brittle; grayish black (Pierre Formation) ] 154 160 6
i
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Figure B.13.3.1. Hillsburg aquifer lithology.

Location 13406903DDDA Date Drilled 07/16/1979
County Logan Land Surface 1900
Aquifer Hillsburg Total Depth 212
Purpose Observation Well Bedrock Depth 173
Unit Description Begin Int End Int Thickness
TOPSOIL Black 0 1 1
CLAY (Til, silty, sandy, pebbly, yetlowish brown ) 1 10 9
CLAY (Till), silty, sandy, pebbly, olive-gray 10 15 5
'GRAVEL Fine to medium, predominantly fine, sandy, 15 19 4
angular to well-rounded
CLAY (Tilly, very silty, very sandy, pebbly, olive-gray 18 46 27
SAND Very fine 1o very coarse, predominantly very fine 46 61 15
1o fine, gravelly, 80 percent quartz, 10 percent
shale, and 10 percent carbonate grains
CLAY (Till), very sandy, very silty, pebbly, olive-gray | 61 158 97
i
SAND Very fine to very coarse, predominantly medium to 158 169 1
coarse, gravelly, angular to well-rounded;
composed largely of quantz and carbonate grains
CLAY (Till), silty, sandy, pebbly, olive-gray 169 180 1
SHALE iS!ightly silty and sandy, black, brittle (Pierre Shale} 180 212 32
i

Figure B.13.3.2. Hillsburg aquifer lithology.

Location 13406934CCC1 Date Drilled 05/30/1979

County Logan Land Surface 1861

Aquifer No Obs Well Installed Total Depth 242

Purpose Test Hole Bedrock Depth 185

Unit Description Begin Int End int Thickness
TOPSOIL Btack 0 1 1
CLAY (Tilf), sitty, sandy, pebbly, yellowish brown ‘ 1 17 i6
CLAY (Till), silty, sandy, pebbly. olive-gray ! 17 33 16
GRAVEL Very fine to medium, predominantly fine, sandy 33 48 13
CLAY gllgé\sfery sandy, pebbly, olive-gray; few sand 46 72 26
GRAVEL Fine, well-rounded; composed largely of 72 100 28
carbonate pabbles; clay lens from 82 to 86 ft.

CLAY (Till), very sandy, pebbly, olive-gray 100 151 51
CLAY (Til), sandy, black; abundant shale pebbles 151 184 33
SHALE Black, hard; bentonitic streaks [Pierre Shale(?)] 184 242 58
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Figure B.13.4.1. McIntosh aquifer lithology.

Location 13206802D0D2 Date Drilled 09/08/1976
County Mcintosh Land Surface 2102
Aquifer Mcintosh Total Depth 40
Purpose CObservation Well - Pluggec Bedrock Depth 0
Unit Description Begin Int End Int Thickness
CLAY Silty, sandy, pebbly; moderate yellowish brown 1 13 12
CLAY Silty, sandy; moderate yellowish brown 13 16 3
CLAY | Sity; olive-gray 16 18 3
!
SAND Gravelly (20% gravel), very fine sand ta fine 19 35 16
pebble, predominantly medium sand, 70% quartz,
5% igneous rock fragments, 15% limestone, 10%
shale, moderately sorled
CLAY Sandy (predominantly very fine to fine); olive-gray 35 40 5
Figure B.13.4.2. Mclntosh aquifer lithology.
Location 13206901868 Date Drilled 09/21/1977
County Meintosh Land Surface 2086
Aquifer Mcintosh Total Depth 182
Purpose Observation Well Bedrock Depth 154
Unit Description Begin Int End Int Thickness
CLAY Sandy, silty, pebbly (very gravelly top few feet), 0 30 30
moderate yellowish brown, moderate tight to tight,
cohesive, very slightly plastic, oxidized (till)
CLAY As that above, medium dark gray to olive-gray, 30 85 55
tight (till)
SAND AND GRAVEL Sand (65%), gravel (35%); sand, fine to very 85 109 24
coarse, predominantly coarse, subangular to
rounded, predominantly quartz and carbonate;
gravel, fine to medium, angular to subrounded,
50% carbonate, 40% shale, 10% quartz and
granitics, moderately well-sorted
CLAY Sandy, silty, pebbly, moderate yellowish brown, 109 154 45
very tight, bnttle, oxidized (till)
CLAY Shale, black to grayish black, tight, hard, brittle, 154 182 28
non-calcareous (Pierre Formation)
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Figure B.13.5.1. Napoleon aquifer lithology.

Location 13507216888 Date Drilled 117141978
County Logan Land Surface 1590
Aquiter Napoleon Jotal Depth Y
Purpose Observation Well - Destroy- Bedrock Depth 0
Unit Description Begin int End Int Thickness
SAND Fine to very coarse, predominantly medium, 0 24 24

oxidized; 90 percent quartz, 5§ percent fimestone.
and 5 percent igneous and shale grains

SILT E Clayey, olive-gray ! 24 % 33 e

V—S-KND Fine to medium, predominantly medium, gravelly; 33 46j 13
90 percent quariz, 5 percent limestone, and 5
percent igneous sand shale grains i

SILT Clayey, olive-gray N - } 46 54 8

]

SAND Fine 1o medium, predominantly medium, gravelly; | 54 73 19
90 percent quariz, 5 percent limestone, and 5 :
percent igneous and shale grains

SILTSTONE Sandy, yellowish brown; some organic material | 73 78 5
(Fox Hills Sandstone)

'SANDSTONE Very fine, siity, clayey, medium gray (Fox Hills 78 84 6
Sandstone)

CLAYSTONE Silty, sandy, medium gra};;?;; s;i)!‘télone interbeds 84 122 38

(Fox Hills Sandstone)

Figure B.13.5.2. Napoleon aquifer lithology.

Location 13507309ABB Date Drilled 11/07/1978
County Logan Land Surface 1936.23
Aquifer Napoleon Total Depth 142
Purpose Observation Well Bedrock Depth 16
Unit Description Begin Int End int Thickness
TGRAVEL ~————"—""1Fine to coarse; predominantly medium; sandy; 40 0 22 22

percent limestone, 25 percent igneous and quartz,
20 percent shale, 10 percent sandstone, and 5
percent silicate pebbles

SILTSTONE Sandy (Fox Hills Sandstone) 22 30 8

SANDSTONE Fins to medium, silty, clayey, grayish blue-green to 30 114 84
dusky blus-green, glauconitic, micaceous;

cemented zone from 65 to 68 ft.; interbedded with
siltstone from 102 to 114 ft. (Fox Hills Sandstone)

CLAYSTONE Siity, sandy, dark gray, glauconitic (Fox Hills 114 142 28
Sandstone)
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Figure B.13.5.3. Napoleon aquifer lithology.

Location  13607326CBB1 Date Drilled 06/13/1979
County Logan Land Surface 1940.68
Aquifer Napolaon Total Depth 187
Purpose Observation Well Bedrock Depth 175
Unit Description Begin int End Int Thickness
TOPSOIL Black (o] 1 1
CLAY (Till}, silty, sandy, pebbly, yellowish brown 1 20§ 19
CLAY (Till), silty, sandy, pebbly, olive-gray 20 401 20
CLAY H{Lacustrine), olive-gray 40 50 10
CLAY E(Lacuslrine). very silty 50 74i 24
GRAVEL Fine, sandy, well-rounded to subangular; 74 104 30
composed of 60 percent shale, 20 percent silicate,
and 20 percent carbonate pebbles
CLAY i (Til, silty, slightly sandy, olive-gray 104 133 29
CLAY (Till), siity, sandy._p—ebbly, olive-gray 133 142 9
GRAVEL Fine to coarse, predominantly fine to medium, 142 175 33
sandy, 65 percent carbonate, 25 percent shale,
and 10 percent silicate pebbles
SANDSTONE Very fine to fine, slightly clayey, dusky blue-green; 175 197 22
some glauconite and carbonaceous material (Fox
Hills Sandstone)
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Figure B.13.5.4. Napoleon aquifer lithology.

Location 13607335DDD1 Date Drilled 11/08/1978
County Logan Land Surface 1970
Aquifer Napoleon Total Depth 282
Purpose Observation Well - Pluggec Bedrock Depth 236
Unit Description Begin Int End Int Thickness
GRAVEL Fine to medium, and coarse o very coarse sand; 0 8 8
oxidized; composed largely of limestone and
quartz
cLAY Silty, moderately yellowish brown; very fine sand 8 19 1
laminae
CLAY Silty, clive-gray; very fine sand laminae 19 58 39
SILT N (Till), clayey, sandy, olive-gray 58| 73 15
i
SAND Fine to very coarse; 50 percent limestone, 30 73 130 57
percent shale, and 20 percent igneous and quartz
grains
CLAY {Till), sandy, dark gray to olive-gray; few sand and 130 151 21
gravel lenses
SAND Fine to very coarse, predominantly medium to 151 178 27
coarse, gravelly; few clay lenses
SANDSTONE Fine to medium, silty, grayish blue-green to 178 195 17
medium bluish gray, glauconitic; some mica and
organic material (Fox Hills Sandstone)
SANDSTONE Fine to medium, siity, glauconitic; abundant 195 208 13
organic material (Fox Hills Sandstone)
CLAYSTONE Silty, dark gray to grayish black, siliceous (Fox 208 232 24
Hills Sandstone)
SHALE Grayish black, sfightly siliceous; trace of 232 282 50
glauconite at top (Fox Hills Sandstone)
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Figure B.13.6.1. Spring Creek aquifer lithology.

Location
County
Aquifer
Purpose

12906809CCB1 Date Drilled
Mclintosh Land Surface

Spring Creek Total Depth
Observation Well - Destroy:

Bedrock Depth

082511977

1970
262
247

Unit

Description

Begin int

End Int

Thickness

CLAY

Silty, sandy, (gravelly near surface), moderate
yellowish brown, soft, sticky, oxidized (lacustrine)

0

21

21

CLAY

Sandy, silty, pebbly, slightly gravelly, tight,
cohesive, very slightly plastic, moderate yeliowish
brown, oxidized (tilf)

21

30

CLAY

As that above, medium dark gray to olive-gray,
tight (till)

SAND

30

14

Fine o very coarse, predominantly coarse,
subangular to rounded, well-sorled, predominantly
quartz and carbonates with abundant shale, some
fine gravel

44

70

26

CLAY

Sandy, silty, pebbly, slightly gravelly, medium dark
gray {o olive-gray, tight, cohesive, very slightly
plastic (till)

70

115

45

cLAY

Silty, sandy, medium dark gray, moderately tight,
sticky, cohesive, slightly plastic {lacustrine)

115

140

25

CLAY

As that above, pebbly, very tight (till)

140

184

44

SAND

Very fine to medium, rounded, well-sorted, very
silty, "dirty”, predominantly quartz, with carbonate
and shale

184

205

21

CLAY

Sandy, silty, pebbly, dark gray to olive-gray, tight,
cohesive, brittle (tilt)

205

224

19

SAND AND GRAVEL

Sand (70%), gravel (30%); sand, fine to very
coarse, predominantly coarse, subangular 1o
rounded, predominantly quartz, carbonate and
shale; gravel fine to medium, subangular to
subrounded, predominantly carbonate and shale
with quartz and granitics

224

247

23

CLAY

Shale, black to grayish black, tight, hard, brittle,
non-calcareous (Pierre Formation}

247

262

15
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Figure B.13.6.2. Spring Creek aquifer lithology.

Location 12906728BCB1 Date Drilled 06/29/1978
County Meintash Land Surface 19735
Aquiter Spring Creek Total Depth 0
Purpose Observation Well - Pluggec Bedrock Depth o
Unit Description Begin Int End Int Thickness
CLAY Silty, sandy, pebbily; light olive clay, poorly 0 2 2

compact and somewhat plastic, oxidized (till)

GRAVEL Sandy, clayey; fine to medium gravel, fine to 2 9 7
coarse sand, 40% fine gravel, 10-20% medium
gravel; clay 10-15%; poorly sorted; subrounded to
rounded; predominantly carbonate {40%), shale
{30%)}, ignecus and metamorphic (25%). oxidized

CLAY Silty, sandy, pebbly; light olive clay, moderately 9 16 7
compact and plastic; moderately sandy and silty;
slightly pebbly; oxidized (till)

CLAY (As above); dark grey, unoxidized, moderately 16 128 112
compact and plastic clay; slightly pebbly, gravel
lens at 117-118 ft. (til))

GRAVEL (Sandy, clayey, silty); fine to coarse gravel, very 128 160 32
fine to very coarse sand; slightly silty;
predominantly (50-60%) fine gravel; 10-20% sand;
10-20% clay/ poorly soried; predominantly
carbonate (30-40%), shale {30%), igneous and
metamorphic (20%); subrounded to rounded;
intarmittent or interbedded clay lenses

CLAY Dark grey, very compact ¢lay: very cohesive; not 160 180 20

plastic but nearly brittie {Pierre Formation)
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Figure B.13.6.3. Spring Creek aquifer lithology.

Location 13006909DAD Date Drilled 09/2311976
County Mclntosh Land Surface 2012
Aquiler Spring Creek Total Depth 260
Purpose Observation Well - Pluggec Bedrock Depth 249
Unit [ Description Beginlnt | Endint | Thickness
TOPSOIL Black; silty 0 1 1
SAND Fine to very coarse and, gravelly, clay lenses 1 5 4
SAND Fine 10 very coarse: gravelly (40%) 5 7 2
CLAY Silt lenses; yellowish brown to medium gray 7 10 3
CLAY Sandy: bluish gray B 10 20 10
CLAY Silty: medium gray 20! 42 22
CLAY Sandy; medium gray 422 53 1
SAND Fine - 53 59 6
CLAY Slightly silty; olive-gray 59 64 5
SAND Gravelly (15% g;ével); very fine sand to fine 64 83 19
pebble, predominantly medium sand
CLAY Silty, slightly sandy, slightly pebbly, dusky brown 83 103 20
CLAY Silty: olive-gray 103 120 17
CLAY Silty, sandy, pebbly; olive-gray 120 181 61
GRAVEL Sandy (60% gravel), medium sand to medium 181 222 41
Rmesions, 30% netus ok rapmanis and
metamorphic rock fragments, 15% shale, 20%
quartz; poorly sorted
CLAY Sandy; olive-gray 222 249 27
CLAY Brittle; grayish black {Pierre Formation) 249§ 260 11

B-84




APPENDIX B - LITHOLOGY

Figure B.13.6.4. Spring Creek aquifer lithology.

Location 13006930DDD Date Drilled 07/28/11976
County Mclntosh Land Surface 2014
Aquifer Spring Creek Total Depth 220
Purpose Observation Well - Pluggec Bedrock Depth 199
Unit Description Begin int End Int Thickness
SAND Very fine to coarse; predominantly fine sand 1 7 6
CLAY Slightly silty; moderate yellow brown ) 7 32 25
cLay Slightly silty; olive-gray 32 35| 3
i
CLAY Slightly silty; moderate yellowish brown 35 45% 11
CLAY Slightly silty; olive-gray ) 46| 50 4
CLAY ;Slightly silty, stightly sandy, slightly pebbly; olive- 50 132 82
1gray to grayish brown (boulder at 61 1)
GRAVEL Coarse sand to coarse pebble; predominantly fine 132 136 4
pebble
CLAY Slightly silty, slightly sandy, pebbly; dusky brown 136 177 41
GRAVEL Sandy (50% gravel); fine sand to medium pebble; 177 199 22
predominantly very fine pebble, 30% limestone,
30% quartz, 20% igneous rock fragments, 20%
shale, poorly sorted
CLAY Grayish black; fissile; brittle (Pierre Formation) 199 220 21
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Figure B.13.7.1. Wishek aquifer lithology.

Location 13207017CCC2 Date Drilled 08/26/1976
County Mclntosh Land Surface 2069.38
Aquifer Wishek Total Depth 80
Purpose Observation Well Bedrock Depth 0
Unit Description Begin Int End Int Thickness
i
CLAY Slightly silty, slightly sandy, pebbly; moderate 1 12 11
yellowish brown
CLAY Slightly silty, slightly sandy, pebbly; olive-gray 12} 26 14
GRAVEL Sandy (35% gravel), very fine sand 1o coarse 26 67 a
pebble, predominantly very coarse sand, 25%
shale, 40% quartz, 25% limestone, 10% igneous
rock fragments, poorly sorted, contains layers of
clay 30-37 ft., 40-44 fi.
‘CLAY i Silty; brownish gray 67j 75 8
GRAVEL Sandy T 75 78 3
CLAY Silty; brownish gray 78 80 2
Figure B.13.7.2. Wishek aquifer lithology.
Location 13207114BBC1 Date Drilled 08/12/1976
County Melntosh Land Surface 2040.71
Aquifer Wishek Total Depth 120
Purpose Observation Well - Pluggec Bedrock Depth 108
Unit Description Begin int End Int Thickness
GRAVEL Sandy (55% gravel), fine sand to coarse pebble, | T 37! 36
predominantly very fine pebble, 40% quartz, 30%
limestone, 20% shale, 10% igneous rock
fragments, poorly sorted
CLAY Plastic; brownish gray 37| 56 19
CLAY Slightly sandy (very fine to fine); grayish brown 56 63 7
CLAY Dense; grayish brown T 63 91 28
GRAVEL ISandy (45% gravel), fine sand 1o coarse pebble, ! 91 108 17
: predominantly very coarse sand, 30% shale, 30% .
:limestone, 20% quartz, 10% igneous rock !
Efragmenls. poorly sorted :
CLAY Eerime; dark brownish gray {Pierre Formation) 108 120 12
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Figure B.13.8.1. Zeeland aquifer lithology.

Location 12907234DAA Date Drilled 081811977
County Mcintosh Land Surface 1997
Aquiter Zeeland Total Depth 122
Purpose Observation Well Bedrock Depth 98
Unit Description Begin Int End Int Thickness
CLAY Sandy, silty, pebbly, slightly gravelly, moderate 0 42 42

yellowish brown, moderately tight to tight,
cchesive, very slightly plastic, oxidized (lill)

CLAY As that above, olive-gray, tight (till) 42 51 9

SAND Very fine to very coarse, predominantly medium, 51 98 47
subrounded, fairly well-sorted, predominantly
quariz, with some carbonate and shale, looked
somewhat oxidized

CLAY Siltstone, shale, dark gray to grayish black, tight, a8 122 24
hard, bnittle (Pierre Formation)

Figure B.13.8.2. Zeeland aquifer lithology.

Location 12907230BBA Date Orilled 08/18/1976
County Mcintosh Land Surface 1965
Aquifer Zeeland Total Depth 140
Purpose Observation Well - Pluggec Bedrock Depth 122
Unit Description Begin Int End Int Thickness
GRAVEL Sandy, clayey 1 [ 3’ 2
CLAY Slightly silty, slightly sandy, pebbly; moderate i 3. 13% 10
yellowish brown (tilf) ;
CLAY Slightly silty, s!ighﬂ-y sandy, pebbly; dark yellowish E 13: 22 9
brown (till) !
CLAY Slightly silty, slightly sandy, pebbly: olive-gray (till 22 63 4
GRAVEL Sandy, predominantly shale 63 64 1
CLAY Slightly silty, slightly sandy, pebbly; live-gray (till) ; 64 87 23
GRAVEL Sana;ﬁ T [ T 87 88 1
CLAY Slightly silty, slightly sandy, pebbly; olive-gray (till} 1 88 106 18
GRAVEL Sandy; fine sand to medium pebble 106 110 4
GRAVEL With layers of clay 110 18 8
GRAVEL Sandy 118 122 4
CLAY g Brittle, grayish black (Pierre Formation) ; 122 140 18
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Figure B.13.8.3. Zeeland aquifer lithology.

Location 12907301CCC Date Drilled 08/23/1976
County Mcintosh Land Surface 2043
Aquifer Zesland Total Depth 140
Purpose Observation Well - Pluggec Bedrock Depth 115
Unit Description Begin Int End Int Thickness
GRAVEL isandy 1 2 1
1
CLAY Slightly silty, slightly sandy, pebbly; moderate 2 4 2
yellowish brown
GRAVEL {Sandy ‘ 4 6 2
CLAY Siighty sy, slighty sandy, pebbly, moderate 6 15 1y
yellowish brown ;
CLAY Siighty sty slightly sandy, pebbly; dusky 15 27 12
yellowish brown |
CLAY |siightly silty, slightly sandy, pebby; olive-gray | 27 70 43
SAND Gravelly (15% gravel), very fine sand to medium | 70 115 45
pebble; predominantly coarse sand; 80% quartz,
10% limestone, 5% igneous rock fragments, 5%
shale; well-sorted; predominantly subrounded; |
contains clay layers 78-80, 84-86, 95-96 i
CLAY Brittle, grayish black (Pierre Formation) ‘t 115 140 25

B-88




APPENDIX B - LITHOLOGY

Figure B.14.1.1. Lithology of the Ellendale aquifer.

Location 13106129BBB Date Drilled 09/30/1975
County Dickey Land Surface 1405
Aquifer Ellendale Total Depth 300
Purpose Test Hole Bedrock Depth 278
Unit Description Begin Int End int Thickness
CLAY Sandy, silty, pebbly, moderately yellowish brown, 0 14 14
cohesive, very slightly plastic, tight, oxidized (till}
CLAY " Tas above, medium dark gray to olive-gray (ill); 14 7 57
sandllayer 57-60 ft., fine to very coarse sand,
mostly

quartz, some carbonates and igneous

SAND AND GRAVEL |Sand (70%), gravel (30%); sand, fine to very 7 104 a3
coarse, predominantly medium to coarse, angular
o

subrounded, 70% quartz, 20% carbonates, 10%
shale with a little igneous; gravel, fine to medium,
angular

to subrounded, 50% carbonates, 30% shale, 20%
igneous with a little ignecus, moderate to poor
sorting,

clean

CLAY : Sandy, silty, pebbly, slightly gravelty, cohesive, 104 278 174
jvery slightly plastic, very tight, medium dark gray
;to olive-gray (till), small interbedded gravel lenses
{

SHALE jGIay. brownish black to gréyish black, siliceous, 278 300 22
'hard, tight, brittle, non-calcareous (Pierre
fFormation——may have hit Niobrara at 294 ft.
t
|

B-89



APPENDIX B - LITHOLOGY

Figure B.14.1.2. Lithology of the Ellendale aquifer.

09/03/1982
1423.96

13406130DDC
LaMoure
Ellendale

Date Drilled

Land Surface
Total Depth 302
Bedrock Depth 287

Location
County
Aquifer

Purpose Observation Well

Unit

Description

Begin Int

End Int

Thickness

TILL

Yellowish brown, oxidized, siity, clayey, slighlly
pebbly, slightly cohesive, plastic

18

15

TILL

Olive-gray, silty, slightly pebbly, sliEhtIy cohesive,
slightly plastic

18

27

SAND AND GRAVEL

Very coarse sand to medium gravel,
predominantly fine gravel, subangular, carbonates

27

31

TILL

Yellowish brown, oxidized, silly, pebbly, cohesive,
slightly plastic

k)|

33

TILL

Olive-gray to dark olive-gray, silty, pebbly,
moderately to very cohesive, cobble at 55 ft.

33

CLAY

Sandy and silty, interbedded with coarse sand
lenses {poor sample)

67

18

SAND AND GRAVEL

Drilling consistently appears {o be coarse sand lo
medium gravel, predominantly very coarse sand

and!

fine grave!, predominantly subrounded shale and
carbor}ates, possibly some interbedded till below

98 t., !
boulder at 108 ft.

85

24

cLAay

Silty, medium gray, cohesive, brittle, slightly sandy
(tiuvial?)

109

120

1

TiLL?

Medium gray, very silty, slightly pebbly, slightly
cohesive, possibly fluvialty reworked--below 40 ft.,!
more plastic and cohesive; cobble at 184 ft. and
213 ft.; at 261-263 ft., sand; boulder at 163 ft.

120

287

167

CLAYSTONE

;Brownish gray, poorly indurated, calcareous

287

302

15
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Figure 14.2.1. Lithology of the Spiritwood aquifer.

Location 13B06217AAA Date Drilled 07/2111970

County Stutsman Land Surface 1478.9

Aquifer Spiritwood Total Depth 240

Purpose Observation Well Bedrock Depth 0

Unit Description Begin Int End int Thickness
TOPSOIL Sandy, siltyk pebbly, brownish-black 0 1 1
CLAY Maderalely sandy to sandy, siltg. pebbly, a few 1 22 21
cobbles, moderately yellowish-brown, moderately

cohesive, plastic, oxidized (till)

CLAY Silty, moderately sandy 1o sandy, pebbly, an i 22 130 108
occasional, thin, gravelly sand lense or layer, olive |
gray, moderately cohesive, plastic, calcareous (till)

CLAY Silty, moderately sandy, pebbly, numerous cobbles 130 148 18
and boulders, medium dark gray to olive gray,
moderately cohesive, plastic, calcareous (till)
{possibly older till?)

SAND Slightly gravelly, clayey (lenses and layers and 148 200 52
some matrix material), very fine to very coarse
grained (mostly subangular), angular to rounded,
moderately well sorted, about 20% shale and
lignite 20% feldspar, carbonates and
miscellaneous siliceous rock grains and 60%
quartz, taking small amount of water, not caving in
- lignite content increases with depth

GRAVEL Sandy, fine to coarse (some cobble-sized 200 228 28

material), angular to rounded, fair sorting, about

40% carbonates (limestone and dolostone}, 30%

shale, 30% granitics, metamorphics and

miscellaneous siliceous rocks, taking water

rda%iply. caving in, mixed 4 bags bentonite - rough
rilling

SHALE Siliceous, grayish-black, indurated, non- 228 240 12
calcareous, occasional small yellowish-gray
limestone concretions (Pierre Formation)
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Figure 14.2.2. Lithology of the Spiritwood aquifer.

Location
County
Aquifer
Purpose

13706219BBB1 Date Drilled
Stutsman Land Surface
Spiritwood Total Depth
Observation Well Bedrock Depth

06/09/1982
1457.84
263
248

Unit

Description

Begin Int End Int

Thickness

TILL

Yellow brown oxidized silty, pebbly, moderately
cohesive and plastic, interbedded sand and gravel
arcund 4', below 20’ interbedded silt

0 30

30

TILL

Dark olive gray. clayey, p;bbly, interbedded sand
and silt lenses, moderately cohesive and plastic,
cobbles at 85"

30 86

56

TILL

Olive gray, clayey, very pebbly (shale) cobbly, very
tight, slightly brittle, many shale fragments,
cobbles around 104’

86 108

19

TILL

Greenish gray, soft, silty, sandy, many carbonate
and coal pebbles

105 110

SILT

Greenish gray, slightly clayey, organic streaks,
slightly sandy

110 122

12

SAND

Very coarse to fine gravel - predeminantly very
coarse, angular to rounded, predominantly
subrounded and rounded from 122'-135'
interbedded with clayey very fine sand to claye!
coalrse sand, below 135' is clean, contains detntal
coa

122 153

31

SILT

Very clayey, interbedded with clayey fine sand

153 163

10

GRAVEL

Very coarse sand 1o coarse gravel (1° diameter)
predominantly fine gravel, subrounded and
rounded, many silicates

163 174

1)}

CLAY

Greenish gray, black organic zones, very tight and
plastic, interbedded brittle silty zones, (lacustrine)
below 180" becomes very silty interbedded with
gravel below 208', also clay becomes sandy,
coarse grave! and cobbies at 239' and 245'

174 248

74

SHALE

Dark gray lo black, poorly indurated, tight, a few
silty zones

248 263

15
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Figure 15.1.1. Lithology of the Brightwood aquifer.

Location 130050288BBB Date Drilled 08/20/1992
County Richland Land Surface n227¢
Aquifer Brightwood Total Depth 220
Purpose Observation Well Bedrock Depth 198
Unit Description | Beginint | Endint | Thickness
TOPSOIL Topsoil, black. l 0 2 2
TILL Clay, silty, sandy, pebbly, light olive-brown, soft, 2 13 11
oxidized (Till).
CLAY Clay, slightly silty, light ofive-brown, soft, slightly T3 16 3
sticky, plastic, oxidized.
TiLL Clay, silty, sandy, pebbly, light olive-brown, soft, 16 25 9
oxodized (Till).
e iClay, silty, sandy, pebbly, olive-«};}:‘son. 25 27 2
uno&odized (Till).
SAND & GRAVEL Sand, pebbly, fine, oxodized. 27 31 4
TiLL Clay, silty, sandy, pebbly, light olive-brown, soft, 31 34 3
oxidized (Tilf).
CLAY Clay, silty, very sandy, pebbly, clive-gray. 34/ 41 i 7
SAND Sand, fine to coarse, predominanily medium and 41 92 51

coarse, feb:(?r. granular and fine, angutar to sub-
rounded, medium sorted, igneous, carbonate,
shale; interbedded silt, clayey, medium dark gray
from 73 to 92 feet, most beds less than 1 foot in

thickness.

TiLL Clay, siity, very sand'y., pebbly, olive-gray, slightly 92 96 4
firm (Till).

SAND Sand, fine to coarse, pebbly, granular and fine; i 96 104 8
interbedded silt.

CLAY Clay, very sandy, pebbly, olive-gray, solt. J 104 1M1 : 7

{
SILT Silt, very sandy, very fine sand, olive-gray, very 111 152 41

soft; interbedded clay, silt, sand; more sandy from
140 to 152 feet; lignite return from 140 fest.

TILL Clay, silty, sandy, pebbly, olive-gray, slightly firm; 152 186 44
cobbles from 168 to 169 feet; very sandy, pebbly
at bottom of section; medium shale, fine igneous
and carbonate pebbles (Til)..
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Figure 15.1.2. Lithology of the Brightwood aquifer.

Location 12905003BBB Date Drilled 08/19/1992
County Richland Land Surface 131.89
Aquifar Brightwood Tota! Depth 240
Purpose Observation Well Bedrock Depth 221
Unit Description Begin int End Int Thickness
TOPSOIL Topsoil, black. 0 1 1
TILL Clay, silty, sandy, pebbly, light clive-brown, 1 12 11
oxidized (Till).
CLAY Clay, silty, light olive-brown, oxidized. 12 16 4
GRAVEL Gravel, oxidized. 16 18 2
i
CLAY Clay, silty, olive-gray, unoxidized. l 18 20 2
GRAVEL Gravel, coarse, sandy, oxodized. ! 20 36 16
SAND Sand, coarse, unoxodized. 36 42 6
SILT Silt, clayey, olive-gray, soft. a2 55 13
TILL Clay, silty, sandy, pebbly, olive-gray, soft; cobbles 55 59 4
from 58 to 59 feet (Till).
SAND Sand, fine to coarse, predominantily coarse, 59 82 23
pebbly, granular and fine, angular to sub-rounded,
medium sorted, shale, carbonale, igneous.
SILT Silt, clayey, sandy, olive-gray. 82 mn 29
SAND Sand, fine to coarse, pebbly, granular and fine, 1A% 149 38
shale, igneous, carbonate; lignite return from 120
to 140 feet.
TILL Clay, silty, sandy, very pebbly, olive-gray, firm; very 149 203 54
firm by 172 feet; coarse pebbles from 182 to 203
feet (1111).
SILY S"ft{ clayey, slightly sandy, very fine, olive-gray, 203 208 5
soft.
TILL Clay, silty, sandy, pebbly, clive-gray, firm; very firm 208 221 13
by 213 feet (Till).
SHALE Shale, dark gray at top, olive-black with depth, 221 240 19
firm; streaks of white, very fine crystalline material.
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Figure 15.1.3. Lithology of the Brightwood aquifer.

Location 13005122CBC Date Drilled 08/16/2005
County Richland Land Surface 1165.06
Aquifer Brightwood Total Depth 220
Purpose Observation Well Bedrock Depth 208
Unit Description Begin Int End Int Thickness
CLAY Clay, silty, yellow, oxidized o 7 7
CLAY Clay, silty, sandy, pebbly, yellow, oxidized 7 27 20
CLAY Clay, silty, sandy, yellow, oxidized ‘ 27 34 7
SAND Sand, fine to coarse, oxidized 34 38 4
CLAY Clay, silly, sandy, gray, reduced 38 43 5
SAND & GRAVEL Sand, fine to coarse, gravelly, fine and medium; 43 58 15
detrital coal
CLAY Clay, silty, sandy, gray T i 58 76 18
SAND & GRAVEL Sand, fine to coarse, gravelly, line and medium; 76 87 11
layers predominantly shale, detrital coal
SAND & GRAVEL Sand, fine to coarse, gravelly 87 120 33
CLAY Clay, silty, very sandy, black 120 142 22
SAND & GRAVEL Sand, fine to coarse, gravelly; detrital coal 142 188 46
CLAY Clay, silty, sandy, pebbly, gray 188 180 2
COBBLES Cobbles 180 191 1
CLAY Clay, silty, sandy, pebbly, gray 19 208 17
CLAYSTONE Clay, black (bedrock) 208 220§ 12
Figure 15.1.4. Lithology of the Brightwood aquifer.
Location 13005028CCC Date Drilled 1072011964
County Richland Land Surface 1181
Aquifer Brightwood Total Depth 92
Purpose Observation Well - Destroy Bedrock Depth 0
Unit Description Begin int End Int Thickness
TOPSOIL Sandy loam, black. 0 1 1
TILL Silt, clayey to pebbly, moderate alive-brown, soft, 1 7 6
calcareous, oxidized (tilf).
SAND & GRAVEL Sand, fine to very coarse, with fine to coarse 7 79 72
g{;\r’g‘;’ 'contains cobbles; cross bedding; iron
TILL gé?.’és‘i'fé? ggltgat% gstsnt(u:l){iflive-gray. soft, plastic, 79 92 13
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Figure 15.2.1. Lithology of the Colfax aquifer.

Location
County
Aquifer
Purpose

13504915888 Date Drilled
Richland Land Surface

Colfax Total Depth
Observation Well - Pluggec Bedrock Depth

08/26/11993

935
az0
292

Unit

Description

Begin Int

End int

Thickness

TOPSOIL

clay loam, black

0

2

CLAY

light olive-brown (5Y 56). soft, sticky, plastic,
calcareous, oxidized {lacustrine)

2

37!

35

CLAY

olive-gray (5Y 3/2), soft, sticky, plastic, calcareous,
reduced (lacustrine)

37

55

18

TiLL

clay, silty, sandy, very pebbly, olive-gray, soft,
calcareous; rocks at 61, 68, and 81 feet; sand and
gravel at 65 to 66 feet; interbedded sand and
gravel {<1 ft beds} from 72 to 76 feet; less sand
and pebbles, slightly firm, slightly darker below 72
feet; occasional cobble, firm below 108 feet; sand,
fine 1o coarse from 143 to 145 feel

55

178

123

SAND & GRAVEL

fine to coarse, pebbly, fine and medium, angular to {
subrounded, mixed mineralogy, pebbles
predominantly shale; occasional interbedded clay
and silt; less pebbles, predominantly shale sand
;Jy 200 feet; pebbly with cobbles from 273 to 274
eet

178

274

96

CLAY

silty, very sandy, pebbly, light olive-gray (5Y 2/1),
calcareous; occasional cobbies; rock at 282 feet

274

292

18

SHALE

clay, slightly silty, olive-black (5Y 2/1), firm,
noncalcareous; slightly lighter color below 303
feet; silt and sand, very fine lamination below 307
feet (bedrock)

292

320

28
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Figure 15.2.2. Lithology of the Colfax aquifer.

Location 13304933CDD Date Drilled 09/02/1993
County Richland Land Surface 967
Aquifer Colfax Total Depth 280
Purpose Observation Well - Pluggec Bedrock Depth 260
Unit | Description Beginint | Endint | Thickness
TOPSOIL I silty foam, black 0 2 2
CLAY very silty, light olive-brown (SY 5/6), soft, slightly 2 28 26

sticky, slightly plastic, calcareous, oxidized:; clay,
slightly firm, sticky, plastic by 20 feet (lacustring)

‘CLAY olive-gray (5Y 3/2), slightly firm, sticky, plastic, 28 73 45
reduced (lacustrine)

TILL clay, silty, slightly sandy, slightly pebbly, olive-gray, 731 103 30
soft, sticky, slighlly plastic, calcareous

SILT |clayey, olive-gray, soft, slightly sticky, nonplastic, 103 113 10
jcalcareous

TILL clay, silty, sandy, pebbly, olive-gray 13 121 8

SILT clayey, olive-gray, soft, sticky, nonplastic 121 136 15

TiLL clay, very silty, sandy, pebbly, olive-gray, soft 136 153 17

SAND & GRAVEL medium and coarse, granular, pebbly, fine, 153 162 9

subangular to rounded, mixed mineralogy;
pebbles predominantly rounded shale

TILL clay, silty, sandy, pebbly, olive-gray, soft; 162 223 €1
numerous cobbles from 162 to 171 feet; sand
from 171 to 175 feet; interbedded sand (<1 ft
beds) from 180 to 197 feet; rock at 197 feet; very
sandy, sligtly firm, nonsticky, slightly plastic from
198 fo 223 feet

SAND & GRAVEL imedium and coarse, granular, pebbly, fine 223 247 24
subangular to rounded, mixed mineralogy,;
interbedded clay (<1 ft beds) from 244 to 247 feet

CLAY gsilty. olive-gray, slightly firm 247} 252 5
i i

TILL iclay, silty, sandy, pebbly, olive-gray, slightly firm 252| 260} 8

SHALE clay, stightly silty, ofive-black (5Y 2/1), slightly firm 260 280 20

to firm, slightly sticky, plastic, noncalcareous; waxy
appearance; brown and white return near bottom
of section; brown rounded granules at bottom of
section (bedrock)
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Figure 15.3.1. Lithology of the Sheyenne Delta aquifer

Location  13305412BBB2 Date Drilled 091151977

County Ransom Land Surface 1073.87

Aquiler Sheyenne Delta Total Depth 40

Purpose Observation Well Bedrock Depth 0

Unit Description Begin Int End Int Thickness
TOPSOIL [ Topsoil. 0 1 1
SAND Sand. fine and medium, yellowish-brown, 1 7 6
oxidized.

SAND Sand, medium, light brown. B 7 35 28
TIL Clay, sandy, gray (Till). , 35 40 ! 5

Figure 15.3.2. Lithology of the Sheyenne Delta aquifer

Location 13405303CCC2 Date Drilled 12171974

County Ransom Land Surface 1075

Aquifer Sheyenne Delta Total Depth 80

Pumose Observation Well - Destroy. Bedrock Depth 0

Unit I Description Begin Int End Int Thickness

TOPSOIL !smy, black. 0 1 1
SAND éSand. fine and medium. 1 3 2
CLAY Clay, silty, yellowish-brown. 3 6 3
SAND Sand, fine to coarse, pebbly; detrital fignite. 6 55% 49
cLAY Clay, silty, sandy, olive-gray. ssi sog 25
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Figure 15.3.3. Lithology of the Sheyenne Delta aquifer

Location
County
Aquifer
Purpose

Observation Well - Destroy

13505204AAA Date Drilled
Richland Land Surface
Sheyenne Della Total Depth
Bedrock Depth

05/15/1972

975
80

0

Unit

Description

Begin Int

End Int

Thickness

TOPSOIL

Very siity, clayey, grayish-black

0

1

SiLT

Clayey, sandy, dark yellowish-brown, slightly
cohesive, plastic, oxidized

1

10

9

SAND

Slightly silty, very fine to coarse grained, mostly
medium subangular to rounded. moderately well
sorted, numerous snail shells, some shale, lignitic,
taking some water

10

24

14

CLAY

Very silty, olive gray with medium light gray
laminae, slightly cohesive, plastic, highly
calcareous

24

30

SAND

A few thin siity clay Iayeré. very fina to coarse
grained, subangular to subrounded, well sorted,
snail shelis, shaley

30

10

SAND

Slightly gravelly (about 20% fine gravel),
subangular lo rounded, moderately well sorted,
gravel fraction mostly shale, numerous white snail
shells, taking some water

40

51

1

CLAY

Very silty, olive gray, cohesive, highly plastic,
highly calcareous

51

80

29
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Figure 15.3.4. Lithology of the Sheyenne Delta aquifer

Location 13605110888 Date Drilled 09/12/1972
County Richland Land Surface 1022
Aquiter Sheyenne Della Total Depth 120
Purpose Observation Well - Destroy Bedrock Depth 0
Unit Description Begin Int End int Thickness
TOPSOIL §Sandy loam, black. ) 0.5 05
SAND Sand, very fine and fine, clayey, silty, subangular | 0.5 12 11.5
to rounded, well sonted, slightly oxidized; lignitic.
SILT Silt, clayey, sandy, medium gray, slightly cohesive, 12 20 8
§Iig[1tly plastic, calcareous: light olive-gray
SAND Sand, very fine and fine, clayey, silty, subrounded, 20 33 13
moderately well sorted.
SILT Silt, clayey, mediumn gray, slightly cohesive, 33 50 17
'sligplly plastic, calcareous; fight olive-gray
SAND Sand, very fine and fine, clayey, silty, subrot:ﬁded. 50 53 3
moderately well sorted: lignitic.
SILT Silt, clayey, medium gray, slightly cohesive, 53 62 9
lsligf_my plastic, calcareous:; light clive-gray
SAND Sand, very fine, clayey, slighlly silty, subangular to 62 64 2
rounded; lignitic
SILT Silt, slightly sandy, medium gray, slightly 641 83 19
cohessive, highly calcareous; some light olive-
gray laminae.
SAND Sand, very fine, very clayey, subrounded; lignitic; 83 86 3
poor return. !
SILT Silt, very clayey, olive-gray, mcderately cohesive, 86 94| 8
moderately plastic; some thin light gray laminae.
CLAY Clay, silty, olive-gray, very cchesive, sticky, plastic, 94 120 26
highly calcareous.
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Figure 15.3.5. Lithology of the Sheyenne Delta aquifer

Location 13605314BBB Date Drilled 12/07/2006
County Ransom Land Surface 1062.3
Aquifer Sheysnne Delta Total Depth 136
Purpose Observation Well Bedrock Depth Y
Unit | Description Begin int End int Thickness
SAND {Sand, very fine, silty, light olive brown (5Y 5/6), 0 8 8
{omdszed (upper delta)
SAND 'Sand fine, silty, light olive gray (5 5/2), reduced 8 56 48
(upper deita)
SAND ISand very fine, silty, olive gray (5Y 3/2), reduced 56 83 27
l (upper delta)
SILT )sm. sandy, very fine, olive gray (upper delta) 83 87 4
SAND |Sand, very fine, silty, olive gray (upper defta) ] 87 90 3
SILT Silt, sandy, very fine, olive gray (lower delta) 1 80 96 6
CLAY Clay, very silty, olive gray (lower delta) ! g6 101 5
SILT Sift, clayey. slightly sandy, very fine, olive gray 1 106 5
{lower delta)
SILT iSlit, very clayey, olive gray (lower delta) 106 121 15
CLAY Clay, firm, oive gray (lacustrine) 121 136 15
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Figure 15.4.1. Lithology of the Spiritwood aquifer - Richland and Sargent Counties.

Location 12905425AAA Date Drilled 01/01/1970

County SD-Marshall Land Surface 1262.33

Aquifer Spiritwood Total Depth 230

Purpose Observation Well Bedrock Depih 213

Unit Description Begin int End Int Thickness

TOPSOIL Topsail. 0 3 3
CLAY IYel!owish-brown. 3 33 30
CLAY |Gray, 7* gravel stringers at 67 T 33 120 87
GRAVEL fsravet. 120 1505 40
SILT ;Gravel siringer at 173 feet, rock at 213, 160 213} 53
SHALE iPierre shale. o 213} 230} 17

Figure 15.4.2. Lithology of the Spiritwood aquifer - Richland and Sargent Counties.

Location 13005435CCC2S Date Drilled 08/10/2006

County Sargent Land Surface 1180.07

Aquifer Spiritwood Total Depth 200

Purpose Observation Well Bedrock Depth o

Unit Description Begin Int End Int Thickness

TOPSOIL No description 0 1 1
TILL iOxidize yellowish J 1 37 36
TILL iGray 37 121 84
SAND & GRAVEL Coarse ' 121 127% 6
TILL Gray clay l 127 142 15
TILL Gray } 142 176 34
SAND Fine to coarse sand and layers of clay 176 186 10
SAND & GRAVEL Coarse sand and medium gravel 186 195} 9
SAND Sand and gray clay { 195% 197 2
ROCK Rocks and gravel 1 197% 200 3
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Figure 15.4.3. Lithology of the Spiritwood aquifer - Richland and Sargent Counties.

Location
County
Aquifer
Purpose

13005525AAA Date Drilled
Sargent Land Surface
Spiritwood Total Depth
Observation Well - Pluggec Bedrock Depth

12/09/1974

1223.84
280
260

Unit

Description

Begin Int

End Int

Thickness

TOPSOIL

Silty loam, dark yellow-brown

0

1

CLAY

Silty, sandy, pebbly, dark gray, firm, plastic,
gravelly (till)

1

32

31

CLAY

Silty, sandy, pebbly, dark gray, firm, plastic,
gravelly (till)

32

100

68

CLAY

Silty, sandy, pebbly, dark olive gray, firm, tight,
plastic, gravelly (till)

100

152

52

SAND

Approximately 10% gravel, medium to very
coarse, dark gray, angular to subrounded,
approximately 40% shale, 30% carbonates, 20%
quartz, 10% igneous, till lenses

152

160

SAND AND GRAVEL

Sand (70)-gravel (30); sand, medium to very
coarse, angular to subrounded, approximately
60% quartz, 30% carbonates, 5% igneous and
brown siliceous rocks, 5% shale, trace detrital
lignite; gravel, fine to medium, angular to
subrounded, approximately 50% carbonales, 30%
igneous and brown siliceous rocks, 10% shale,
10% quartz, clean, (Spiritwood?), moderate lignite
fragments

160

221

61

CLAY

(Silllt)y sandy, pebbly, dark gray, plastic, sand lenses i
ti ;

221

230

CLAY

Silty, sandy, pebbly, olive gray, tight, very tough,
slightly plastic, silt lenses, sand lenses (till)

2301

251

21

SAND

As above j

251

260

CLAY

Grayish black, soft, plastic, white specks, non-
calcareous (Pierre or Carlile?)

260

280

20
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Figure 15.4.4. Lithology of the Spiritwood aquifer - Richland and Sargent Counties.

Location 13005506ABB2 Date Drilled 08/08/2006
County Sargent Land Surtace 1253.54
Aquifer Spiritwood Total Depth 180
Purpose Observation Well Bedrock Depth o
Unit Description Begin int End Int Thickness
TOPSOIL No description 0 1 1
TiLL Oxidize yellowish 1 22 21
TILL Gray 22 148 126
SAND & GRAVEL {including layers of clay 148 170 22
TILL Gray o 170 180 10
Figure 15.4.5. Lithology of the Spiritwood aquifer - Richland and Sargent Counties.
Location 13105326DCB Date Drilled 09/071977
County Sargent Land Surface 117.63
Aquifer Undefined Total Depth 200
Purpose Observation Well - Pluggec Bedrock Depth 175
Unit Description Begin Int End Int Thickness
1
CLAY Silty, slightly sandy, pebbly, moderately yellow- 1 28 27
brgzvn (gu)-s-z gravelly tlyll; 15-15.5, graveliy till
CLAY Silty, slightly sandy, pebbly, olive gray, 28 40 12
(till)--32.5-33, coarse gravel
CLAY Siity, very sandy to silty, clayey 40*L 62 22
SAND Slight gravel, very fine sand to very fine pebble, 62 126 64
predominantly medium sand, predominantly
quartz, irace lignite, predominantly subrounded,
containing some silty zones
SILT Clayey, sandy (very fine to fine) to clayey silts 126 175 49
CLAY Black, reacts HCI (Greenhorn) 175 200 25
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Figure 15.4.6. Lithology of the Spiritwood aquifer - Richland and Sargent Counties.

Location 13105330CCC Date Drilled 08/24/1995
County Sargent Land Surface 1141.26
Aquiter Undefined Total Depth 170
Purpose Observation Well Bedrock Depth 156
Unit Description Begin Int End Int Thickness
CLAY Silty, occasional sand, gravel, grain not large, 0 12 12
pebbles, cobbles, soft, pale yellow-gray (1il?)
CLAY Silty, sandy, pebbly, cobbles, soft, yellow-gray, 12 30 18
with red-yellow stringers, oxidized {till)
CLAY Silty, sandy, pebbly, cobbles, soft, olive gray (till) 30 63 33
SAND Very fine to coarse, predominantly fine, lots of 63 92 29
quartz, carbonates, shale, some shield silicates,
minor detrital lignite fragments, subangular to well
rounded
SAND Very fine fo very coarse, predominantly coarse, as 92 12 20
above, 1-2% very fine gravel
CLAY Very silty, very sandy, hard, sliéhtly brittle, more 112 156 44
silty, sandy, brittle than above ill, olive gray (til)
CLAY Greasy, black, does not effervesce in ditute HCI 156 170 14
(Carlile Shale}
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WATER DEPOTS — PERMITS AND APPLICATIONS
(Summary Statistics and List: 7/8/10, From Alan Wanek)



APPENDIX C - WATER DEPOT STATISTICS

WATER DEPOTS — PERMITS AND APPLICATIONS

To serve the oil industry in Northwest North Dakota

NDSWC/Office of the State Engineer — July 8, 2010

Water permits issued (depots): 38 34 groundwater, 4 surface
Issued before 2007: 10
Issued 2007 or later: 28 (2007-4; 2008-8; 2009-7; 2010-9)

Annual quantity of groundwater permitted: 2,634.0 acre-feet (858M gal)
Annual quantity of surface water permitted: 2,429 acre-feet (791M gal)

4 permits are for supplemental water at existing depots

Water from 3 of the depots is used primarily for brine dilution
NDSWC-SW Pipeline permit (& app.) included — Dodge depot
Additional water is being sold under municipal permits (apps. pending)

Permits with a portion held in abeyance: 10  All groundwater: 1,959.4 ac-ft/yr

(638M gal)
Permit applications denied: 6 5 groundwater, 1 surface water
Permit applications to be reviewed: 52 37 groundwater, 15 surface water

Annual quantity of groundwater applied for: 10,902.7 acre-feet (3,553M gal)
Annual quantity of surface water applied for: 55,091.5 ac-ft (17,952M gal)
2 groundwater applications for 1,588 acre-feet are from the Dakota aquifer

Priority date in 2006: 1
Priority date in 2007: 2
Priority date in 2008: 10
Priority date in 2009: 11
Priority date in 2010 28

Including 12 surface water applications from the Missouri River/Lake Sakakawea for
48,900 acre-feet/year (16 billion gallons per year)
8 applications (6 groundwater, 2 surface) are for supplemental water at existing depots

Oil well drilling rigs 7/8/10: 131

Mountrail 38; Williams 22; Dunn 26; McKenzie 25; Divide 9; Burke 2; Bottineau
3; Bowman 3; Billings 2; Golden Valley 1; Stark 2; McLean 1 (source: NDIC -
Oil & Gas Division website — 7/8/10)

Recent Grants: Pennington 6065 & Simonson 6106. Recent apps. Sheldon 6176/6177
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APPENDIX D

AGENDA OF THE MEETING TITLED: WESTERN NORTH

DAKOTA WATER RESOURCE OPPORTUNITIES
(Bismarck Ramada Inn, Governor’s Room, 12/10/2009)



APPENDIX D — AGENDA OF OIL-FIELD WATER MEETING: 12/10/2009



APPENDIX E

REQUIREMENTS FOR A CORPS OF ENGINEERS

REAL ESTATE PERMIT
(As of January, 2010 — #6 Was A New Requirement)



APPENDIX E — CORPS REQUIREMENTS

U.S. ARMY CORPS OF ENGINEERS
OPERATIONS DIVISION PROCESS
FOR REAL ESTATE ACTIONS

*Prior to submittal of the application packet, consultation with staff mentioned

below is strongly encouraged.

Applicant package must include:

1) Formal letter stating the purpose/need for the request

2) Submit Tribal/County/City/etc. resolution (if applicable)

3) Submit detailed plans and specifications indicating any effects on Corps
managed lands,

a.

oaono

Site Plan (show planned development drawn to scale on topographic or
aerial photo map). Provide map(s) of the requested area showing Corps
boundary line

Schedule of phased development (if applicable)

Operation and maintenance plan (# out years)

State number of acres requested for easement

Identify quantity and duration of water needs (if applicable)

Submit Regulatory Permit Application(i.e. Section 10/404 of Clean Water Act)

Provide approval/permit from appropriate regulatory agency (state/local),
water supply contract, authorizing document, or decision document based on
statute, for authorizing a water supply intake (if applicable).

Industrial Water Intakes - The applicant will be required to provide information
pertaining to current status of water depots / municipal supplies within the
region of industrial supply need. The applicant needs to provide documentation
regarding the capacity or feasibility constraints with those existing sources for
supporting justification towards developing new/additional industrial water
intakes.

E-1



APPENDIX F

SUMMARY OF WATER PERMITS CURRENTLY HELD OR IN
PROGRESS FOR AQUIFERS MAPPED AS HAVING “GOOD” OR

CONDITIONAL” POTENTIAL FOR FURTHER DEVELOPMENT
(May 2010 — Prepared by Michael Hove)



APPENDIX F: Total Permit Count for All Ground Water Permits in '""Good Aquifers"

(MHove-May 23, 2010)

Count of Hdr-App_Ac

Status

Study Area  |Rod Agquifers

App. In Process

Cond. Approved Held In Abey.

Perfected

Empty

Grand Total

Map Area01 |Crosby

Grenora

Little Muddy

Ray

Smoky Butte

Unnamed

Wildrose

Wildrose Buried Channel

Yellowstone Buried Channel
Yellowstone River Channel

R, NNWR

N

NN~

Map Area01 Total

HIN

[e APy

Map Area02 |Columbus
Tongue River

= (ON ~

Map Area02 Total

[y

Map Area03 |Dakota Group

Map Area03 Total

Map Area04 |Rolla
Spiritwood

Map Area04 Total

AW rHRFRIPIWFL N[O~~~ FRN

Map Area05 |Icelandic

Map Area05 Total

=W W

e

Map Area06

Bennie Peer

Charbonneau

Fox Hills

Missouri River - Lake Sakakawea
Sentinel Butte-Tongue River
Tobacco Garden

Tobacco Garden Creek
Tongue River

Trenton

Yellowstone

Yellowstone River Channel
Yellowstone-Missouri

NNONFRP

wo b

[y

Map Area06 Total

Map Area07

Bismarck

Burnt Creek

Fort Mandan

Fox Hills

Glenview

Heart River

Lost Lake

Missouri River
Missouri River - Lake Sakakawea
New Town

Painted Woods Lake
Wagonsport

White Shield

NRPRORFRRFEWN

= (N
H ANRFROF WNRERENO|IN

=W

[y

Map Area07 Total

N

ul

Map Area08

Horseshoe Valley
Lake Nettie
Martin

North Burleigh
Strawberry Lake
Weller Slough

Map Area08 Total

[y

Map Area09

Cherry Lake

Eastman

New Rockford
Pipestem Creek
Rusland
Spiritwood-Devils Lake
Tokio

Unnamed

Warwick Aquifer

w

[y

Map Area09 Total

Il

D=

Map ArealO

Grand Forks
McVille

Map Areal0 Total

Map Areall

|Central Dakota

N

Map Areall Total

Map Areal2

Elm Creek
Killdeer
Tongue River

Map Areal?2 Total

Map Areal3

Napolean
Spring Creek
Zeeland

Map Areal3 Total

Map Areal4d

|[Ellendale

Map Areal4 Total

NINORFR N WOINEFE WRIFIWNRFRIOUTWNNNRFENRFERNORFRNENWR|F

Map Areal5

Brightwood
Sheyenne Delta
Spiritwood

N e

14

0]

Map Areal5 Total

14

67

AW NRFEHWWOOFENUININN WIRARRIWINFEUUTWNNNNUOUONNNENERENUORRA R, RPRPPRPWOFRUOFR,WONRRONOFRPOOOREFEF WNUNWRININONFERIFIOFRBARONWRFERRANONUOUN

o]

(blank)

[(blank)

(blank) Total

Grand Total

21

72

259

358
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APPENDIX F: Total Acre-Feet for All Ground Water Permits in '"Good Aquifers"

(MHove-May23. 2010)

Sum of AcFt Approv. & Request

Status |

Study Area Rod Aquifer Map Abey-InActive Active Abeyance App. In Process Cond. Approv. Perfected Grand Total
Map Area01 |Crosby 30 403 433
Grenora 239.9 152.6 392.5
Little Muddy 818 880.3 1698.3
Ray 496.2 1240.9 1737.1
Smoky Butte 207.5 207.5 205.2 620.2
Unnamed 20 20 12 52
Wildrose 120 120
Wildrose Buried Channel 10 4 14
Yellowstone Buried Channel 350 2 352
Yellowstone River Channel 408 312 1601 2020.86 6147 10488.86
Map Area01 Total 615.5 519.5 1971 3840.16 8961.8 15907.96
Map Area02 |Columbus 320 160 229.8 709.8
Tongue River 162 162
Map Area02 Total 320 160 391.8 871.8
Map Area03 |Dakota Group 38 38
Map Area03 Total 38 38
Map Area04 |Rolla 560 560
Spiritwood 406 284 977 511 2178
Map Area04 Total 406 284 977 1071 2738
Map Area05 |Icelandic 195 90 240 525
Map Area05 Total 195 90 240 525
Map Area06 |Bennie Peer 16 16
Charbonneau 1007 223 1230
Fox Hills 45 45
Missouri River - Lake Sakakawea 22.2 22.2
Sentinel Butte-Tongue River 5 5
Tobacco Garden 200 67.9 267.9
Tobacco Garden Creek 204 204
Tongue River 1.3 1.3
Trenton 1132 251.6 1383.6
Yellowstone 111 66 772 2815 3764
Yellowstone River Channel 130 103 233
Yellowstone-Missouri 10 10
Map Area06 Total 111 66 200 3255 3550 7182
Map Area07 |Bismarck 400 155 973.4 1528.4
Burnt Creek 80.5 2170.1 2250.6
Fort Mandan 20 20
Fox Hills 60 60
Glenview 286 286
Heart River 461 461
Lost Lake 200 200
Missouri River 7089.5 1561.3 8650.8
Missouri River - Lake Sakakawea 1 1
New Town 200 600 800
Painted Woods Lake 1007 1007
Wagonsport 44.8 44.8
White Shield 250 250
Map Area07 Total 400 7775 7384.6 15559.6
Map Area08 |Horseshoe Valley 717 717
Lake Nettie 175 170 758.9 1103.9
Martin 150 150
North Burleigh 106.5 106.5
Strawberry Lake 258 258
Weller Slough 400 400
Map Area08 Total 175 170 2390.4 2735.4
Map Area09 |Cherry Lake 0.8 0.8
Eastman 405 202.5 607.5
New Rockford 918 3944.4 4862.4
Pipestem Creek 575 39 614
Rusland 450 450
Spiritwood-Devils Lake 301 301
Tokio 712 712
Unnamed 354.4 354.4
Warwick Aquifer 9647.5 9647.5
Map Area09 Total 1898 15651.6 17549.6
Map Areal0 |Grand Forks 400 400
McVille 518 518
Map Areal0 Total 918 918
Map Areall |[Central Dakota 374.1 188.4 195 757.5
Map Areall Total 374.1 188.4 195 757.5
Map Areal2 |Elm Creek 683.4 683.4
Killdeer 8 180 188
Tongue River 450 450
Map Areal?2 Total 8 1313.4 1321.4
Map Areal3 |Napolean 390 573.5 963.5
Spring Creek 480.4 480.4
Zeeland 54 54
Map Areal3 Total 390 1107.9 1497.9
Map Areal4 |EIIendaIe 1120 402 1522
Map Areal4 Total 1120 402 1522
Map Areal5 |Brightwood 200 200
Sheyenne Delta 3316.5 4074.6 15870.4 23261.5
Spiritwood 584.5 584.5
Map Areal5 Total 3516.5 4074.6 16454.9 24046
Grand Total 1,327.5 959.5 8,076.6 22,976.2 59,830.4 93,170.2
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APPENDIX F: Total Permit Count for All Ground Water Permits in '""Conditional Aquifers"

(MHove-May24, 2010)

Count of AcFt Approv. & Proc.

Status

Study Area Rod Aquifer App. In Process Cond. Approved Held In Abeyance Perfected (blank) Grand Total
Map Area02 |Columbus 1 1
Gravel Sediments 1 1
Shell Creek-White Lake 2 1 3
Map Area02 Total 3 2 5
Map Area03 |Denbigh Buried Channel 1 1 2
Denbigh-Lake Souris 1 4 5
Lake Souris 3 5 11 19
Map Area03 Total 3 7 16 26
Map Area04 |Wolford 1 1
Map Area04 Total 1 1
Map Area05 |Icelandic 1 1
Pembina Delta 1 1
Pembina River 1 1
Map Area05 Total 1 2 3
Map Area07 |Ryder 1 1
Map Area07 Total 1 1
Map Area09 |James River 1 1
Juanita Lake 2 2
Kilgore Channel 1 1
Maddock 1 1
Spiritwood 1 1
Spiritwood-Griggs 3 3 29 39
Spiritwood-Sheyenne River 1 1
Spiritwood-Warwick 3 7 10 21
Unnamed 1 1
Map Area09 Total 6 12 45 68
Map Areal0 |Belmont 1 1
McVille 2 4 6
Tower City 1 1
Map Areal0 Total 2 6 8
Map Areall |Central Dakota 1 1 2
Long Lake 1 4 5
Map Areall Total 1 1 5 7
Map Areal2 |[Strasburg 2 5 7
Map Areal?2 Total 2 5 7
Map Areal3 |Unnamed 1 1
Wishek 1 2 3
Map Areal3 Total 1 3 4
Map Areal4 |Seven Mile Coulee 2 2
Spiritwood 2 2
Spiritwood-LaMoure SE 6 2 10 18
Spritwood-Stutsman 1 5 6
Map Areal4 Total 6 3 19 28
Map Areal5 [Colfax 1 1
Map Areal5 Total 1 1
(blank) [(blank)
(blank) Total
Grand Total 19 29 106 159
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APPENDIX F: Total Acre-Feet for All Ground Water Permits in '"Conditional Aquifers"

(MHove-May 24, 2010)

Sum of AcFt Approv. & Proc. Status |
Study Area Rod Aquifer Active Abeyance App. In Process Cond. Approved In-Active Abey Perfected| Grand Total
Map Area02 |Columbus 448.0 448.0
Gravel Sediments 120.0 120.0
Shell Creek-White Lake 783.0 219.8 1,002.8
Map Area02 Total 903.0 667.8 1,570.8
Map Area03 |Denbigh Buried Channel 325.0 350.0 675.0
Denbigh-Lake Souris 485.0 674.0 1,159.0
Lake Souris 1,112.3 1,530.9 2,738.5 5,381.7
Map Area03 Total 1,112.3 2,340.9 3,762.5 7,215.7
Map Area04 |Wolford 160.0 160.0
Map Area04 Total 160.0 160.0
Map Area05 |Icelandic 900.0 900.0
Pembina Delta 400.0 400.0
Pembina River 161.0 161.0
Map Area05 Total 900.0 561.0 1,461.0
Map Area07 |Ryder 73.9 73.9
Map Area07 Total 73.9 73.9
Map Area09 |[James River 24.0 24.0
Juanita Lake 1,002.0 1,002.0
Kilgore Channel 718.8 718.8
Maddock 399.0 399.0
Spiritwood 30.0 30.0
Spiritwood-Griggs 1,848.1 1,366.6 1,242.0 703.6 6,666.7 11,827.0
Spiritwood-Sheyenne River 202.2 202.2
Spiritwood-Warwick 2,000.0 484.0 2,297.5 800.0 2,878.0 8,459.5
Unnamed 152.0 152.0
Map Area09 Total 3,848.1 1,850.6 4,460.5 1,503.6 11,151.7 22,814.5
Map Areal0 |Belmont 15.0 15.0
McVille 641.0 493.8 1,134.8
Tower City 67.0 67.0
Map Areal0 Total 641.0 575.8 1,216.8
Map Areall |Central Dakota 10.0 48.0 58.0
Long Lake 501.6 1,250.0 1,751.6
Map Areall Total 10.0 501.6 1,298.0 1,809.6
Map Areal2 |Strasburg 878.3 1,904.5 2,782.8
Map Areal?2 Total 878.3 1,904.5 2,782.8
Map Areal3 |Unnamed 60.0 60.0
Wishek 198.0 668.5 866.5
Map Areal3 Total 198.0 728.5 926.5
Map Areald4 |Seven Mile Coulee 540.0 540.0
Spiritwood 351.0 351.0
Spiritwood-LaMoure SE 8,919.0 257.2 2,231.9 11,408.1
Spritwood-Stutsman 326.0 1,278.0 1,604.0
Map Areal4 Total 8,919.0 583.2 4,400.9 13,903.1
Map Areal5 |Co|fax 122.0 122.0
Map Areal5 Total 122.0 122.0
Grand Total 3,848.1 12,794.9 10,503.5 1,503.6 25,406.6 54,056.7
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