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750.0

800.0

850.0

900.0

950.0

750.0

800.0

850.0

900.0

950.0

750.0

800.0

850.0

900.0

950.0

1000.0

M-363 M-1572
M-1554

1806' 1126' 889'

A'

3300

3200

3100

E
l
e

v
a

t
i
o

n
 
(
F

e
e

t
 
A

b
o

v
e

 
M

e
a

n
 
S

e
a

 
L

e
v
e

l
)

3300

Pierre Shale

Basal Sandstone

of the Chadron

Formation

Middle Chadron

Formation

Marsland Cross-Section A-A' - Panel 6

SouthNorth

4000

3900

3800

3700

3600

3500

3400

3300

3200

E
l
e
v
a
t
i
o
n
 
(
F

e
e
t
 
A

b
o
v
e
 
M

e
a
n
 
S

e
a
 
L
e
v
e
l
)

3100

3000

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

C-37 C-42 G-71 G-44 M-1101 M-443 M-797 M-1440 M-1372 M-845 M-1252 M-1133 M-249 M-894 M-200 M-38
M-259

M-91 M-1563M-1039 M-363 M-1572 M-1554

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

950.0

250.0

1000.0

1050.0

1100.0

1150.0

1200.0

1000.0

1050.0

1100.0

1150.0

1000.0

1050.0

1100.0

1000.0

1050.0

1000.0

1050.0

1100.0

1000.0

1050.0

1100.0

1000.0

1050.0

1000.0

1050.0

1000.0

1050.0

1000.0

1050.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1050.0

1100.0

1150.0

1200.0

1000.0

1050.0

1100.0

1150.0

1000.0

1050.0

1100.0

1150.0

1000.0

1050.0

1100.0

1150.0

1200.0

1000.0

1050.0

1100.0

1150.0

1200.0

4200

4100

4300

4400

4500
1799' 1209' 1909' 1838' 1756' 1031' 1488' 1792' 1686' 1652' 1347' 1675' 2074' 1312' 1242' 1106' 1946' 1367' 1297' 1806' 1126' 889'

A

North

A'

South

0.0

50.0

100.0

150.0

200.0

300.0

350.0

400.0

450.0

500.0

550.0

600.0

650.0

700.0

750.0

800.0

850.0

900.0

250.0

950.0

1000.0

Pierre Shale

Basal Sandstone

of the Chadron

Formation

Upper Chadron

Formation

Brule Formation

Arikaree

Formation

Alluvium

Middle Chadron

Formation

C-37 C-42
G-71 G-44

M-1101 M-443 M-797 M-1440 M-1372 M-845 M-1252
M-1133 M-249 M-894

M-200 M-38 M-259
M-91 M-1563M-1039 M-363 M-1572

M-1554

1799' 1209' 1909' 1838' 1756' 1031' 1488' 1792' 1686' 1652' 1347' 1675' 2074' 1312' 1242' 1106' 1946' 1367' 1297' 1806' 1126' 889'

A

North

A'

South

CROSS-SECTION PANEL LOCATION

Legend

Main Lithology Sandstone

Gamma Curve

Neutron or SP Curve

Resistivity Curve

100 Feet
500

0
25 Meters

Vertical Scale

Crow Butte

Resources, Inc.

FIGURE 2.6-3t

EXPANDED MARSLAND

CROSS SECTION A-A'

Scale:  See Bar Scale

MEA_NRCTR_Figure 2.6-3t.pdf

Date:  September 2015

By: WB

PANEL 6

68



3400

3300

3200

E

West

E'

East

850

900

950

1000

1050

1100

900

950

1000

1050

1100

1150

950

1000

1050

1100

1150

1200

900

950

1000

1050

1100

1150

950

1000

1050

1100

1150

1200

1547' 1496' 1496' 1547'

M-49

M-802
M-51

M-1101

M-53

Tie to A-A'

Expanded Marsland Cross-Section E-E'

4000

3900

3800

3700

3600

3500

3400

3300

3200

4100

4200

4300

4400

E
l
e
v
a
t
i
o
n
 
(
F

e
e
t
 
A

b
o
v
e
 
M

e
a
n
 
S

e
a
 
L
e
v
e
l
)

E

West

E'

East

4400 1547' 1496'

Pierre Shale

Basal Sandstone of the Chadron Formation

Upper Chadron Formation

Brule Formation

1496' 1547'

M-49 M-802
M-51

M-1101

M-53

Tie to A-A'

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

1100

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

1200

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

1200

Arikaree Formation

Alluvium

Middle Chadron Formation

1547' 1496' 1496' 1547'

M-49
M-802

M-51

M-1101

M-53

Tie to A-A'

E
l
e

v
a

t
i
o

n
 
(
F

e
e

t
 
A

b
o

v
e

 
M

e
a

n
 
S

e
a

 
L

e
v
e

l
)

3100

Legend

Main Lithology Sandstone

Gamma Curve

Neutron or SP Curve

Resistivity Curve

100 Feet
500

0
25 Meters

Vertical Scale

Crow Butte

Resources, Inc.

FIGURE 2.6-3u

EXPANDED MARSLAND

CROSS SECTION E-E'

Scale:  See Bar Scale

MEA_NRCTR_Figure 2.6-3u.pdf

Date:  September 2015

By: WB

69



!.

!.

!.

!.

!.

!.

!.

Proposed
Marsland

Expansion
Area

T. 30N

T. 29N

T. 30N

T. 29N

R
. 5

1
W

R
. 5

0
W

R
. 5

1
W

R
. 5

0
W

M-533C
(8/12/2013)

M-1635C
(8/23/2013)

M-1912C
(8/15/2013)

M-1956C
(8/20/2013)

M-2169C
(8/12/2013)

M-1624C
(3/28/2011)

M-1454C
(3/23/2011)

11

13

12

32

17

24

36 31
35

01

18

02

20

05

23

19

06

08

14

07

26

34

25

30 2925

03

30

26

29

10

15

22

27

27

0 1,250 2,500

Feet

± FIGURE 2.6-4
MARSLAND EXPANSION AREA

CORING LOCATIONS

PROJECT: CO001636
630 Plaza Drive, Ste. 100
Highlands Ranch, CO 80129
P: 720-344-3500  F: 720-344-3535
www.arcadis-us.com

MAPPED BY: JC                CHECKED BY: JEC
PROJECTION: NAD 1983, STATE PLANE

NEBRASKA NORTH, FIPS 2600
SOURCES: US TOPO MAPS, SERVICED

BY ESRI ARCGIS ONLINE

LEGEND

!. Coring Location

Proposed Marsland Expansion Area

M-1635C
(8/23/2013)

Location ID

Date of Collection

Path: K:\CBR_Projects\CO001636_Marsland\2_GIS\ArcMaps\0002_AEP\TR Figure 2_6-4 Marsland Expansion Area Coring Location.mxd | Date: 12/2/2013 | User: jchen

70



71



140
163

170

148152163

140

98

131

122

112114 127

124

164

150

155

68

38

180

69

88

90

83

112

128

98

85

109

57

95

125

70

151
10597

148

58

76

43

63

44

120

8284

87

120

98

160

113

103

96

68

87

95

105

81

104

95

100

80 60 61

5740 5659 64

4735

78

42 60

77

139

50

155

143

112
73

65

85

131

77

77 140

156

137

171

147

140

174

166147

125

74

117

98

110

66

109

88

106

114

69
79

130

133

119117

158

90

118130

135

86

73

60

45

6282
55

98 7065

112

107

201

147

151
166

135

149

108

50

90

70

90
70

70

50

90

110

130
150

110

130
150

15
013

0

150 110
130

Proposed
Marsland

Expansion
Area

T. 30N

T. 29N

T. 30N

T. 29N

R
. 5

1
W

R
. 5

0
W

R
. 5

1
W

R
. 5

0
W

11

13

12

32

17

24

36
31

35

01

18

02

20

05

23

19

06

08

14

07

26

34

25

30 29
25

03

30

26

29

10

15

22

27

27

0 1,250 2,500

Feet

± FIGURE 2.6-6
MARSLAND ISOPACH MAP

ARIKAREE GROUP

PROJECT: CO001636
630 Plaza Drive, Ste. 100
Highlands Ranch, CO 80129
P: 720-344-3500  F: 720-344-3535
www.arcadis-us.com

MAPPED BY: JC                CHECKED BY: MS
PROJECTION: NAD 1927, STATE PLANE

NEBRASKA NORTH, FIPS 2601

LEGEND

Proposed Marsland Expansion Area

Road

Path: C:\Users\jchen\Documents\_PROJECTS\K\CBR_Projects\CO001636_Marsland\2_GIS\ArcMaps\0004_NRC_TR\TR Figure 2_6-6_Marsland Isopach Map - Arikaree Group.mxd  |  Last Saved By: jchen   |  Last Saved On: 11/15/2013  

Isopach Contour (Feet)

Railroad

Borehole Location and
Unit Thickness Reading (Feet)38

72



T29N R51W S12
T29N R51W S11

T29N R51W S1

T29N R51W S2

T30N R51W S35

T30N R51W S34

T30N R51W S25

T30N R51W S26

T30N R51W S27

T29N R50W S8T29N R50W S7

T29N R50W S5T29N R50W S6

T30N R50W S32

T30N R50W S31

T29N R51W S13
T29N R51W S14

T29N R51W S23

T29N R51W S24

T29N R51W S26 T29N R51W S25

T29N R50W S18

T29N R50W S17

T29N R50W S29
T29N R50W S30

T29N R50W S19

T29N R50W S20

T30N R51W S36

52
0

520

520

510

510

51
0

500

500

50
0

500

500

510

490

49
0

490
490 480

490

470

47
0

460

460

450450

450

450

440440

44
0

440

470

430

440

430

430

430

430

420

420

410

41
0400

400

400
410 410

42
0

420

390

380

400

390

530

41
0

420

400

496
550

546

522506490

499

531

483

507

509536 518

497

491

490

423

437

414

489

400

422

466

464

453

483

422

438

387

388

480

525

428

535
501522

431

369

417

395

426

490

427397

518

520

450

415

422

406

420

415

428

403

455

439

436

409

408

398 443 419

410418 433389 443

412418

426

414 384

463

478

417

502

439

378
376

352

385

509

368

513 485

424

459

470

415

421

436

421420

425

422

484

499

420

424

374

412

402

370

393
402

420

441

406425

514

411

427435

418

459

387

404

399

365379
389

420 435434

375

414

482

490

484
500

535

488

392
390

NLEGEND

Proposed Marsland Expansion Area

362 Borehole Location and 

Isopach Contour - Unit Thickness (FT) 
Unit Thickness (FT)

Railroad

Road

Crow Butte

Resources, Inc.

Figure 2.6-7
Marsland Isopach Map

Brule Formation

Scale:  See Bar Scale

MEA_NRCTR_Figure 2.6-7.pdf

Date:  September 2015

By:  WB

R
51

W
R

50
W

R
51

W
R

50
W

R51W
R50W

R51W
R50W

73



T29N R51W S12
T29N R51W S11

T29N R51W S1

T29N R51W S2

T30N R51W S35

T30N R51W S34

T30N R51W S25T30N R51W S26T30N R51W S27

T29N R50W S8T29N R50W S7

T29N R50W S5T29N R50W S6

T30N R50W S32

T30N R50W S31

T29N R51W S13
T29N R51W S14

T29N R51W S23

T29N R51W S24

T29N R51W S26 T29N R51W S25

T29N R50W S18

T29N R50W S17

T29N R50W S29
T29N R50W S30

T29N R50W S19

T29N R50W S20

T30N R51W S36

424
441

435

420422424

436

422

423

420

422422 422

420

419

420

403

407

419

422

402

426

430

422

429

434

415

420

393

423

425

415

411

424
418427

418

401

402

411

397

429

394413

440

435

428

408

411

427

422

405

419

414

411

426

428

402

401

392 402 405

425420 415422 395

412405

381

406

364

366

421

414

417

425

413

400
398

381

421

427

404

417 418

400

409

420

399

399

413

387397

423

415

429

417

419

391

395

404

411

390

406
412

390

416

411423

420

411

426436

415

424

375

426

410

395401
387

413 404414

403

423

421

422

423
420

425

418

411

NLEGEND

Proposed Marsland Expansion Area

Borehole Location and 

Isopach Contour - Unit Thickness (FT) 
Unit Thickness (FT)

Railroad

Road

Crow Butte

Resources, Inc.

Figure 2.6-8
Marsland Isopach Map

Upper and Middle 

Scale:  See Bar Scale

MEA_NRCTR_Figure 2.6-8.pdf

Date:  September 2015

By:  WB

430

420

42
0

420

41
0

42
0

41
0

420

41
0

400

420
42

0

40
0

42
0

410

40
0

410

410

400

40
0

390

380

430

420

430

419

R
51

W
R

50
W

R
51

W
R

50
W

T30N R50W S30 T30N R50W S29

Chadron Formation

R51W
R50W

R51W
R50W

41
0

74



48

51

73

57

48

54
74

50

50

46

69

42

72

56

48

91

67

86

53

47

74

72

59

67

35

41

47

34

50

51

61

48

54

56

49

46

68

47

51

52

58

54

19

66

54

80

49

71

66

38

63

47

49

71

53

42

73

38

59

80

63

57

40

39

49 46

74

35

67

75

71

61

57

58

45

60

56
36

51

63

51

89

68

38
41

27

36

68

46

21

31

35

39

56

24

47

44

33

47

42

36

37

43

34

42
39

82

58

36

41

73

42

27

36

23

47

55

37

32

35

56

43

46

43

43

28

41

44

48

34

47

33

38

44

40

40

40

30

50 

40
30

60

50

60

50

60

40

50
60 70

60

50

50

60

40
Proposed
Marsland

Expansion
Area

T. 30N

T. 29N

T. 30N

T. 29N

R
. 5

1
W

R
. 5

0
W

R
. 5

1
W

R
. 5

0
W

11

13

12

32

17

24

36
31

35

01

18

02

20

05

23

19

06

08

14

07

26

34

25

30 29
25

03

30

26

29

10

15

22

27

27

0 1,250 2,500

Feet

± FIGURE 2.6-9
MARSLAND ISOPACH MAP

BASAL SANDSTONE OF
THE CHADRON FORMATION

PROJECT: CO001636
630 Plaza Drive, Ste. 100
Highlands Ranch, CO 80129
P: 720-344-3500  F: 720-344-3535
www.arcadis-us.com

MAPPED BY: JC                CHECKED BY: MS
PROJECTION: NAD 1927, STATE PLANE

NEBRASKA NORTH, FIPS 2601

LEGEND

Proposed Marsland Expansion Area

Road

Path: C:\Users\jchen\Documents\_PROJECTS\K\CBR_Projects\CO001636_Marsland\2_GIS\ArcMaps\0004_NRC_TR\TR Figure 2_6-9 Marsland_Isopach_BasalSand.mxd  |  Last Saved By: jchen   |  Last Saved On: 11/15/2013  

Isopach Contour (Feet)

Railroad

Borehole Location and
Unit Thickness Reading (Feet)46

75



4240

4187
4292

4279

421442094194

4203

4318

4175

4199

42034231 4203

4188

4195

4182

4069

4075

4082

4280

4053

4087

4136

4115

4111

4177

4077

4080

4026

4035

4177

4212

4081

4229
41714213

4068

3993

4039

4022

4049

3991

4196

40524036

4196

4218

4141

4090

4084

4074

4060

4065

4069

4033

4147

4070

4098

4036

4042

4033 4078 4062

40564049 40514021 4060

40334037

4047

4029 3990

4113

4155

4033

4181

4127

3981
3994

3980

4026

4190

4000

4215 4170

4111

4137

4121

4084

4089

4115

40914093

4105

4076

4164

4169

4094

4055

4012

4054

4061

4022

4051
4051

4061

4126

40674093

4201

4069

40814097

4089

4128

4011

4034

4024

39873988
4014

4050 40664084

4019

4066

4181

4161

4165
4192

4223

4183

4031

4240

41
60

4 2
00

40
80

40
40

4200

4160

41
20

4280

4080

4040

4120

4000

Proposed
Marsland

Expansion
Area

T. 30N

T. 29N

T. 30N

T. 29N

R
. 5

1
W

R
. 5

0
W

R
. 5

1
W

R
. 5

0
W

11

13

12

32

17

24

36
31

35

01

18

02

20

05

23

19

06

08

14

07

26

34

25

30 29
25

03

30

26

29

10

15

22

27

27

0 1,250 2,500

Feet

± FIGURE 2.6-10
MARSLAND STRUCTURE MAP
TOP OF BRULE FORMATION

PROJECT: CO001636
630 Plaza Drive, Ste. 100
Highlands Ranch, CO 80129
P: 720-344-3500  F: 720-344-3535
www.arcadis-us.com

MAPPED BY: JC                CHECKED BY: MS
PROJECTION: NAD 1927, STATE PLANE

NEBRASKA NORTH, FIPS 2601

LEGEND

Proposed Marsland Expansion Area

Road

Path: C:\Users\jchen\Documents\_PROJECTS\K\CBR_Projects\CO001636_Marsland\2_GIS\ArcMaps\0004_NRC_TR\TR Figure 2_6-10 Marsland_Structure_TopOfBrule.mxd  |  Last Saved By: jchen   |  Last Saved On: 11/15/2013  

Elevation Contour - Top of Brule Formation (FT-AMSL)

Railroad

Borehole Location and
Elevation - Top of Brule Formation (FT-AMSL)4021

FT-AMSL = Feet Above Mean Sea Level
76



T29N R51W S12
T29N R51W S11

T29N R51W S1

T29N R51W S2

T30N R51W S35

T30N R51W S34

T30N R51W S25

T30N R51W S26

T30N R51W S27

T29N R50W S8T29N R50W S7

T29N R50W S5T29N R50W S6

T30N R50W S32

T30N R50W S31

T29N R51W S13
T29N R51W S14

T29N R51W S23

T29N R51W S24

T29N R51W S26 T29N R51W S25

T29N R50W S18

T29N R50W S17

T29N R50W S29
T29N R50W S30

T29N R50W S19

T29N R50W S20

T30N R51W S36

3691
3703

3734

369337033705

3705

3686

3692

3693

36953695 3685

3692

3704

3692

3646

3646

3668

3691

3654

3665

3671

3651

3658

3645

3655

3643

3639

3647

3698

3687

3654

3694
36703691

3638

3625

3623

3628

3624

3706

36263639

3678

3698

3689

3676

3663

3668

3641

3651

3641

3630

3693

3631

3662

3627

3635

3636 3636 3643

36473632 36193630 3617

36213619

3622

3616 3607

3650

3677

3617

3680

3688

3614
3619

3629

3641

3681

3632

3702 3685

3687

3677

3641

3669

3670

3679

36723675

3680

3630

3680

3671

3674

3631

3638

3642

3660

3649

3658
3650

3641

3685

36623669

3687

3658

36553663

3672

3670

3624

3631

3625

36223610
3626

3630 36323650

3644

3653

3670

3673

3682
3693

3689

3695

3640

NLEGEND

Proposed Marsland Expansion Area

Borehole Location and 

Elevation Contour - Top of Chadron Formation (FT-AMSL) 
Elevation (FT-AMSL) - Top of Chadron Formation

Railroad

Road

Crow Butte

Resources, Inc.

Figure 2.6-11
Marsland Structure Map

Top of Chadron Formation

Scale:  See Bar Scale

MEA_NRCTR_Figure 2.6-11.pdf

Date:  September 2015

By:  WB

3700

3700

37
10

3690
3690

36
90

3680

36
90

3690

3680

3680

36
80

36
70

3670

3660

3650

3660
3660

3650

3640

3640

3630

36
30

36
20

3620

3680

3680

3660

3650

36
50

3650

36
60

3640

36
50

R
51

W
R

50
W

R
51

W
R

50
W

R51W
R50W

R51W
R50W

3668

FT-AMSL = Feet Above Mean Sea Level
77



32
20

3230

32
40

3240

32
40

32
50

326
03270

32
30

3240
3250
3260

3270

3280
3290

3267
3262

3298

327232813280

3268

3263

3269

3272

32723273 3263

3271

3285

3272

3239

3245

3249

3269

3251

3239

3240

3231

3232

3211

3239

3222

3246

3224

3272

3272

3242

3270
32523264

3231

3223

3220

3216

3226

3215

3277

32313226

3238

3263

3260

3267

3251

3241

3219

3245

3222

3216

3281

3211

3234

3225

3233

3243 3233 3238

32063211 32033212 3222

32093214

3229

3209 3240

3230

3263

3199

3254

3275

3213
3220

3247

3220

3254

3228

3285 3267

3287

3268

3221

3270

3266

3266

32853277

3257

3260

3251

3253

3255

3240

3243

3238

3248

3259

3252
3237

3253

3269

32503245

3267

3247

32303231

3256

3245

3249

3204

3215

3227
3228

3238

3217 32273236

3241

3231

3248

3250

3258
3272

3263

3277

3230

3220Proposed
Marsland

Expansion
Area

T. 30N

T. 29N

T. 30N

T. 29N

R
. 5

1
W

R
. 5

0
W

R
. 5

1
W

R
. 5

0
W

11

13

12

32

17

24

36
31

35

01

18

02

20

05

23

19

06

08

14

07

26

34

25

30 29
25

03

30

26

29

10

15

22

27

27

0 1,250 2,500

Feet

± FIGURE 2.6-12
MARSLAND STRUCTURE MAP

TOP OF BASAL SANDSTONE OF
THE CHADRON FORMATION

PROJECT: CO001636
630 Plaza Drive, Ste. 100
Highlands Ranch, CO 80129
P: 720-344-3500  F: 720-344-3535
www.arcadis-us.com

MAPPED BY: JC                CHECKED BY: MS
PROJECTION: NAD 1927, STATE PLANE

NEBRASKA NORTH, FIPS 2601

LEGEND

Proposed Marsland Expansion Area

Road

Path: C:\Users\jchen\Documents\_PROJECTS\K\CBR_Projects\CO001636_Marsland\2_GIS\ArcMaps\0004_NRC_TR\TR Figure 2_6-12 Marsland_Structure_TopOfBasalSand.mxd  |  Last Saved By: jchen   |  Last Saved On: 11/15/2013  

Elevation Contour - Top of Basal Sandstone (FT-AMSL)

Railroad

Borehole Location and
Elevation - Top of Basal Sandstone (FT-AMSL)3249

FT-AMSL = Feet Above Mean Sea Level
78



3240

32
30

3220

3210

3200

3190

3180

31
70

31
90

32
00

31
80

31
70

32
10

3225
3229

3254

323632383236

3227

3219

3238

3229

32263226 3231

3232

3238

3230

3205

3182

3193

3231

3171

3157

3219

3193

3191

3177

3192

3181

3174

3178

3199

3216

3185

3227
32293229

3200

3169

3168

3160

3163

3169

3219

31653173

3210

3215

3217

3218

3180

3184

3179

3177

3173

3169

3213

3166

3188

3166

3172

3176 3173 3165

31683164 31653166 3164

31553165

3166

3162 3166

3194

3217

3165

3212

3228

3165
3170

3174

3170

3227

3171

3230 3228

3220

3212

3187

3216

3196

3215

32053206

3201

3171

3215

3217

3202

3169

3171

3172

3198

3170

3185
3186

3190

3210

31893196

3230

3188

31933190

3211

3218

3163

3169

3164

31763160
3164

3176 31763178

3172

3187

3224

3213

3225
3225

3222

3230

3181

Proposed
Marsland

Expansion
Area

T. 30N

T. 29N

T. 30N

T. 29N

R
. 5

1
W

R
. 5

0
W

R
. 5

1
W

R
. 5

0
W

11

13

12

32

17

24

36
31

35

01

18

02

20

05

23

19

06

08

14

07

26

34

25

30 29
25

03

30

26

29

10

15

22

27

27

0 1,250 2,500

Feet

± FIGURE 2.6-13
MARSLAND STRUCTURE MAP

TOP OF PIERRE SHALE

PROJECT: CO001636
630 Plaza Drive, Ste. 100
Highlands Ranch, CO 80129
P: 720-344-3500  F: 720-344-3535
www.arcadis-us.com

MAPPED BY: JC                CHECKED BY: MS
PROJECTION: NAD 1927, STATE PLANE

NEBRASKA NORTH, FIPS 2601

LEGEND

Proposed Marsland Expansion Area

Road

Path: C:\Users\jchen\Documents\_PROJECTS\K\CBR_Projects\CO001636_Marsland\2_GIS\ArcMaps\0004_NRC_TR\TR Figure 2_6-13 Marsland_Structure_TopOfPierre.mxd  |  Last Saved By: jchen   |  Last Saved On: 11/15/2013  

Elevation Contour - Top of Pierre Shale (FT-AMSL)

Railroad

Borehole Location and
Elevation - Top of Pierre Shale (FT-AMSL)3193

FT-AMSL = Feet Above Mean Sea Level
79



FIGURE 2.6-14
REGIONAL STRUCTURE CONTOUR MAP –
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FIGURE 2.6-14
EARTHQUAKE HAZARD RANKING

IN THE U.S.
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Figure 2.6-27 Earthquake Hazard Ranking in the U.S. 
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FIGURE 2.6-15
SEISMIC HAZARD MAP
FOR NEBRASKA (2008)

PROJECT: CO0016 6.00001
630 Plaza Drive, Ste. 100
Highlands Ranch, CO 80129
P: 720-344-3500  F: 720-344-3535
www.arcadis-us.com

MAPPED BY: JC          CHECKED BY: LW

Peak Acceleration (%g) with 2% Probability of Exceedance in 50 Years
Site: NEHRP B-C boundary
National Seismic Hazard Mapping Project (Peterson, M.D. 2008)

SOURCE: USGS 20009a
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Source: http://earthquake.usgs.gov/earthquakes/states/nebraska/seismicity.php

FIGURE 2.6-16
SEISMICITY OF NEBRASKA

1973 - 2013
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± FIGURE 2.6-17
SOILS

PROJECT: CO001636
630 Plaza Drive, Ste. 100
Highlands Ranch, CO 80129
P: 720-344-3500  F: 720-344-3535
www.arcadis-us.com

MAPPED BY: JC                CHECKED BY: CM

Mine Unit

Soil units mapped  by NRCS as exhibiting prevelant erosion

Proposed Marsland Expansion Area

* Soil map units 1014, 1356, 1882, 5105, 5126, and 5153 represent
combined NRCS map units.  The map unit number represents the
NRCS map unit with the greatest extent within the Proposed
Marsland Expansion Area.  See text for complete description of soil
map units.

1014, Bankard series soils
1036, Glenberg loamy very fine sand, 0 to 3 percent slopes
1356, Bridget series silt loams, 1 to 6 percent slopes

1620, Keith silt loam, 1 to 3 percent slopes
1742, Rosebud-Canyon loams, 3 to 9 percent slopes
1882, Valent and Dwyer loamy fine sands, 0 to 20 percent slopes
5070, Vetal and Bayard soils, 1 to 6 percent slopes
5105, Alliance series silt loams, 1 to 9 percent slopes

5118, Busher and tassel loamy very fine sands, 6 to 20 percent slopes
5126, Busher series loamy fine sands, 1 to 20 percent slopes
5153, Canyon series soils, 3 to 50 percent slopes
5200, Oglala loam, 9 to 30 percent slopes
5211, Oglala-Canyon loams, 9 to 20 percent slopes
5254, Schamber soils, 3 to 30 percent slopes

5640, Haverson loam, frequently flooded
5871, Tripp silt loam, 1 to 3 percent slopes
5947, Duroc very fine sandy loam, 1 to 3 percent slopes
5978, Jayem loamy very fine sand, 1 to 6 percent slopes
6028, Tassel soils, 3 to 30 percent slopes
6043, Tassel-Ponderosa-Rock outcrop association, 9 to 70 percent slopes

6091, Sarben fine sandy loam, 1 to 6 percent slopes

Soil Map Units*

PROJECTION: NAD 1927, STATE PLANE
NEBRASKA NORTH, FIPS 2601

SOURCES: US TOPO MAPS, SERVICED
BY ESRI ARCGIS ONLINE
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