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6.2.3.2

Wells Completed in Bedrock Formations

WWE identified 63 water wells that are completed in and derive their groundwater solely from
the Mancos Shale, Mesaverde Formation, Wasatch Formation, Uinta Formation and, in several
cases, a combination of bedrock formations. An additional 64 wells appear to derive their
groundwater supply from a combination of bedrock formations and unconsolidated deposits.
Reported yields for wells completed solely in bedrock formations range from dry to 24 gpm.
Reported yields for wells with a combined bedrock and unconsolidated deposit source range
from 0.3 to 28 gpm. These wells are summarized in Table 9.
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Table 9
Data for Water Supply Wells with a Bedrock Formation Source or
Combined Bedrock Formation and Unconsolidated Deposit Source
For Study Area
Applicant

Permit Suffix Qtr. Qtr. Sec. Twn. Rng. Depth Wtr. Lvl. Yield

Source*

Number

40 160

(ft)

(ft)

(gpm)

GRAHAM, CATHERINE SILVER

192945

NE SE 13 130S 0910W 175

44

7.0

Km

HARDING, GARY R

217149

SE SW 30 130S 0910W 170

101

15.0

Km

TOOMEY, RAYMOND L

184758

NE NE 31 130S 0910W 185

56

2.3

Km

BRYSON, SAM

192217

NE NE 31 130S 0910W 206

93

1.0

Km

BRUNKEN, L V

137242

NW NE 32 130S 0910W 240

80

10.0

Km

MONTROSE, R.L. & TEAL F.C. & BENJA

74166

NE NE 31 130S 0930W 120

67

0.5

Km

FINKE, HOWARD W

42734

SW NE 18 130S 0940W

75

31

24.0

Km

HALL, RICHARD/HERAD SANDERS

162154

SW NW 24 130S 0940W 123

120

0.5

Km

EMERSON, ROBERT B

46991

F

SE SW 25 130S 0940W 150

32

10.0

Km

216

G

NW NE 28 130S 0940W 185

CAIRNS, JOHN L
DELAMATER, CLAUDETTE

198622

SW NW 29 130S 0910W 210

HICKS, STEVEN L

241163

NE NW 33 130S 0930W 207

TRIEBWASSER, JOHN H & SUSAN J

54988

SE SW 21 130S 0940W 125

Km
79

9.5

Km/Qs

50

8.0

Km/Qs

Km/Qs

BURNETT, RICK & JANE

198209

NW SW 22 130S 0940W 153

20

4.5

Km/Qs

STANLEY, BRUCE & LUCINDA

217899

NW NW 25 130S 0940W

90

46

13.0

Km/Qs

RN SW NW 24 130S 0940W

14

4

16.0

Km/Qs

NE SW 29 130S 0940W 200

18

13.0

Km/Qs

HEATON, WILLIAM M

751

ZACHRY, ABNER & NELLIE

93506

ADAMS, BYRL F

11343

NE NW 36 130S 0940W

42

12

RATH, KENT

56467

SE SW 26 130S 0950W

57

32

15.0

Km/Qs

MUFF, JACK D & SYLVIA A TRUSTEES

142226

NE NW 26 130S 0950W 242

28

10.0

Km/Qs

BURTON, LEWELLYN D

196880

NE NW 35 130S 0950W 110

15

10.0

GIBSON, LLOYD W

37426

SE NW 30 120S 0940W 350

DUNN, FRED B.

85249

NW NE 31 120S 0940W 400

275

F

Km/Qs

Km/Qs
Kmv-Dry

12.0

Kmv-Ba

STUCKER, REX

193005

NE SE 31 120S 0940W 376

164

11.0

Kmv-Ba

KITZMILLER, DARRYL L & MELISSA K

221652

NE SE 31 120S 0940W 270

71

10.0

Kmv-Ba

MCMANAMON, DAVID J & KATHRYN M

198862

NW NW 34 120S 0940W 301

189

15.0

Kmv-Ba

150

CONGDON, ALBERT L

80614

NE SW 36 120S 0950W 203

TRUMPFHELLER, J. ROBERT

112333

SW SE 36 120S 0950W 160

L RANCH GEN PARTNERSHIP

44580

TENNISON, WILLIAM R JR
MOUNTAIN COAL CO
CHAMPION COAL MNG CO

Kmv-Ba
Kmv-Ba

NW SW

1 130S 0890W 203

20

15.0

Kmv

224493

SW NE

8 130S 0890W 130

10

15.0

Kmv

32016

MH SW SE

9 130S 0900W

63

50

0.3

Kmv

2146

NW SE 11 130S 0900W

55

51

20.0

Kmv

MOUNTAIN COAL CO

31714

MH NW NW 15 130S 0900W

83

77

MOUNTAIN COAL CO

32412

MH

NE NE 16 130S 0900W 166

158

1.0

Kmv

MOUNTAIN COAL CO

32413

MH NW NE 16 130S 0900W 115

112

MOUNTAIN COAL CO

31715

MH NW NE 16 130S 0900W 191

106

4.0

Kmv
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Table 9
Data for Water Supply Wells with a Bedrock Formation Source or
Combined Bedrock Formation and Unconsolidated Deposit Source
For Study Area
Applicant

Permit Suffix Qtr. Qtr. Sec. Twn. Rng. Depth Wtr. Lvl. Yield
Number

40 160

(ft)

J E STOVER & ASSOCIATES

198200

SE NE

1 130S 0910W 454

REDENSHEK, JOHN

13512

SE SE 13 130S 0910W

80

SELL, MARION D

61146

NW SW 23 130S 0910W 105

KELL, EUGENE H

42619

SE NW

MCMILLIN, ROBERT E

45108

NW SW 10 130S 0940W 250

JONES, SAM R

10712

HLADIK, D J & BARBARA

18451

MORRIS, ALBERT L

5 130S 0940W 110

(ft)

Source*

(gpm)
20.0

Kmv

36

2.0

Kmv

70

6.0

Kmv

63

4.0

Kmv
Kmv

SW NE

1 130S 0950W 141

55

9.0

SE NE

1 130S 0950W 166

30

8.0

Kmv

90768

SW NW

1 130S 0950W 125

85

10.0

Kmv

WATTS, D MARTIN

156865

SE NE

1 130S 0950W 127

72

15.0

Kmv

GATES, DAN AND KATHY

225546

SE SW

2 130S 0950W 245

150

8.0

Kmv

GILMER, RICHARD & WANDA

132665

SE SE

3 130S 0950W 240

120

3.0

Kmv

KUNKEL, JOHN

22728

MH NW NW

6 130S 0950W 147

36

5.0

Kmv

FRICKS, LINDA S

16757

NE SW 11 130S 0950W 118

28

16.0

Kmv

RUDISAILE, HAROLD J & EDNA P

18740

SW NE 11 130S 0950W 150

60

14.0

Kmv

CARGILL, A L & MYRTA I C

22337

SW NW 11 130S 0950W 140

62

7.0

Kmv

LASATER, SAM

31202

SE NW 11 130S 0950W 121

70

15.0

Kmv

LAZEAR, GREGORY & FRANCES P

191618

SE SW 11 130S 0950W 211

110

14.0

Kmv

ROGERS, HENRY W

49752

SW NE 12 130S 0950W 100

32

15.0

Kmv

WATT, ARTHUR D. & ANNA H.

55290

NW SE 12 130S 0950W

55

20

4.0

Kmv

FRANKLIN, FRANK & GARRY

161494

SE NE 12 130S 0950W 106

52

12.0

Kmv

BODINE, DANNY & LALA

236873

NE SW 12 130S 0950W 370

46

15.0

Kmv

TERROR DITCH & RESERVOIR COMPANY

240224

MH

SE SW 28 120S 0910W

TERROR DITCH & RESERVOIR COMPANY

240225

MH

SE SW 28 120S 0910W

L RANCH

156860

SE SE

2 130S 0890W 128

15

13.0

Kmv/Qs

L RANCH

157347

NE SE

2 130S 0890W 230

25

8.0

Kmv/Qs

OXBOW MINE INC

197377

SE NW

7 130S 0890W 720

WILSON, ROBERT GARY

99366

SW NW

8 130S 0890W

30

ORR, CHARLES M & JEAN P

198197

NE SE 10 130S 0890W

ORR, CHARLES M & JEAN P

198203

NW SW 11 130S 0890W

MOUNTAIN COAL CO

32642

MH SW SE

9 130S 0900W

MOUNTAIN COAL CO

31713

MH SW SE

WESTERN SLOPE CARBON INC

43469

NE SE 10 130S 0900W

63

ALLEN, IVAN

2244

NW SW 12 130S 0900W

AUDIN, ABEL

2145

AUDIN, RALPH J

2116

MOUNTAIN COAL CO

32015

7X RANCH LLC

224491

KRAMER, MILTON & REBECCA

18300
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Kmv

Kmv/Qs
Kmv/Qs

3.8

Kmv/Qs

7

20.0

Kmv/Qs

71

16

8.0

Kmv/Qs

89

25

5.0

Kmv/Qs

89

84

0.3

Kmv/Qs

9 130S 0900W 146

122
28.0

Kmv/Qs

34

14.0

Kmv/Qs

NW SW 12 130S 0900W

81

25.0

Kmv/Qs

NW SW 12 130S 0900W

58

22.0

Kmv/Qs

NE NE 16 130S 0900W

26

6

NW NW 27 130S 0930W 142

13

10.0

Kmv/Qs

17

5.0

Kmv/Qs

NW

4 130S 0940W 226

29

Kmv/Qs

Kmv/Qs
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Table 9
Data for Water Supply Wells with a Bedrock Formation Source or
Combined Bedrock Formation and Unconsolidated Deposit Source
For Study Area
Applicant

Permit Suffix Qtr. Qtr. Sec. Twn. Rng. Depth Wtr. Lvl. Yield
Number

BAUER, DEANNE K

45366

F

Source*

40 160

(ft)

(ft)

(gpm)

NE SE

5 130S 0940W 187

72

15.0

Kmv/Qs
Kmv/Qs

SURGINER, MARY & LINDA & KEVIN CURTIN

10351

NE NW

6 130S 0940W 126

26

5.0

CROFT, BRUCE M

188756

SW SW

2 130S 0950W 238

60

1.5

Kmv/Qs

MORRIS, BARBARA J

203067

NE NW 11 130S 0950W 149

37

8.0

Kmv/Qs

GARCIA, ARTURO A

199107

SE NW 12 130S 0950W 194

35

6.0

Kmv/Qs

US FOREST SERVICE

131269

SW SW

2 110S 0890W 121

40

10.0 Kmv/Tw/Ql

GREGORY, VERNON

57317

SW SE

5 110S 0950W

15

HEIBER, STEVEN E

47215

SW NW

6 120S 0940W

82

45

12.0

F

Tb/Qs
Tb/Qs

HAMILTON, J D

27654

F

SE NW

1 120S 0950W 120

58

3.0

Tb/Qs

RANEY, REX

27655

F

SW NW

1 120S 0950W 107

38

3.0

Tb/Qs

LINDSEY, ART

51655

F

SE NE

1 120S 0950W

73

12

15.0

Tb/Qs

STAPLES, JULIA

52228

F

SE NW

1 120S 0950W 151

92

10.0

Tb/Qs

BRYSON, ECHO ANN

54410

F

SE NE

1 120S 0950W

78

33

15.0

Tb/Qs

BAUR, GARY K & KATHY K

54435

F

SE NW

1 120S 0950W 172

117

15.0

Tb/Qs

BONDS, RONALD L

62531

NW NE

1 120S 0950W 145

98

15.0

Tb/Qs

BACON, DUANE D

126147

NW NW

1 120S 0950W 105

34

15.0

Tb/Qs

KISSNER, BILL

127429

NE NW

1 120S 0950W 200

76

15.0

Tb/Qs

GOODNIGHT, EARLE M

16749

F

SE NE

2 120S 0950W 110

50

24.0

Tb/Qs

FISCHER, RICHARD & MELBA J

30421

F

NE NE

2 120S 0950W

80

33

15.0

Tb/Qs

SLOBODNIK, BRUCE

30757

F

NE NE

2 120S 0950W

67

10

15.0

Tb/Qs

OCKELS, TED

43064

F

NE NE

2 120S 0950W 107

45

20.0

Tb/Qs

GREEN, HENRY

122878

NE NE

2 120S 0950W

61

32

15.0

Tb/Qs

US FOREST SERVICE

178043

SW NW

2 120S 0950W 145

113

12.0

Tb/Qs

US FOREST SERVICE

24253

SW NW

3 120S 0950W

F

Tb/Qs

ELA, SHIRLEY P & US FOREST SERVICE

205086

SE SE

4 120S 0950W 214

KALLSON, JACK W & THERESA M

229303

NW NE

6 130S 0940W 260

KNIGHT, BASIL T.

92757

SW NW

6 120S 0940W 148

65

US FOREST SERVICE

103173

SW SW 31 110S 0940W 105

56

1.0

Tu

US FOREST SERVICE

104387

SE SW 31 110S 0940W

66

7

8.0

Tu

BENNETT, MICHAEL A

47452

6 120S 0940W 102

22

15.0

Tu/Qs

STAPLETON, SAM & ELIZABETH

194274

NW SE 22 120S 0940W 160

27

14.0

Tgr/Qs

FALCON, SEABOARD

244069

NW NW 17 110S 0890W 290

Tw

GRANGE, GENE

184256

SE SE 19 110S 0890W

Tw

F

SW NW

96

6.0

Tb/Qs

18.0

Tb/Qs

1.5

Tu

BROADHURST, RICK

173632

SW SE 22 110S 0890W

70

28

3.0

Tw

RUDD, WAYNE

182130

NW SW 27 110S 0890W 280

215

5.0

Tw

JACOBS, STANLEY

25114

NW NW 29 110S 0890W

97

61

1.0

Tw

KENT, STEPHEN C

218244

SE SE

3 110S 0910W 310

30

2.5

Tw

WILSON, GARY F

162266

NE SE 14 110S 0910W 180

18

3.0

Tw
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Table 9
Data for Water Supply Wells with a Bedrock Formation Source or
Combined Bedrock Formation and Unconsolidated Deposit Source
For Study Area
Applicant

Permit Suffix Qtr. Qtr. Sec. Twn. Rng. Depth Wtr. Lvl. Yield

Source*

Number

40 160

(ft)

(ft)

(gpm)

STUCKER, PAT B/HUBBARD PARK FAM TRST

189948

SW NE 30 110S 0910W 110

25

7.5

CRIPPS, ERVIN

162431

NE NE

GREWAL, RISHI S

228328

SE SW 08 120S 0890W 101

20

5.0

Tw

AUSTER, JIM

217150

NW NW 10 110S 0890W 200

25

2.0

Tw/Kmv

VEATCH, RALPH W JR

198263

NE NE 24 110S 0890W 400

190

5.0

Tw/Kmv

6 110S 0950W

Tw

85

Tw

THOMAS, HEUER

242523

NE SE 31 110S 0890W 400

LAMBERT, JOHN M AND NANCY E

216336

NE NW 32 110S 0890W 237

100

1.0

Tw/Kmv

CARNES, GORDEN E

102462

NE SE 19 110S 0890W

36

13

12.0

Tw/Qs

CARNES, G E

102463

NE SE 19 110S 0890W

26

3

20.0

Tw/Qs

CARNES, GORDEN E

102464

NE SE 19 110S 0890W

31

8

12.0

Tw/Qs

MILLER, EDMUND B

114412

NW SE 19 110S 0890W

30

11

15.0

Tw/Qs

STEED, C J PAUL & MARY L J

141053

SW NW 29 110S 0890W

30

4

30.0

Tw/Qs

STANDISH, M W

65417

NE NW

50

16

15.0

Tw/Qs

DRURY, ROBERT

212743

NW NE 27 120S 0940W 230

168

5.0

Tw/Qs

JATS LAND AND CATTLE LLLP

241792

NE SW 27 120S 0940W 330

129

2.0

Tw/Qs

5 120S 0890W

Tw/Kmv

* Source identified by WWE per review of SEO records. Source abbreviations as follows:
Km = Mancos Shale
Kmv = Mesaverde Formation
Kmv-Ba = Mesaverde Formation (Barren Member)
Tw = Wasatch Formation
Tgr = Green River Formation
Tu = Uinta Formation
Tb = Basalt
Qs = Unconsolidated Deposits
Ql = Unconsolidated Landslide Deposit
Blank spaces indicate no data available
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WWE identified 10 water wells within the study boundary that appear to obtain their
groundwater supply from the Mancos Shale. Each of these wells is located in the southern
portion of the study area south of the Mesaverde Formation outcrop or subcrop (see Exhibit 7).
In most cases, the wells were completed in areas with little or no saturated unconsolidated
materials overlying the bedrock. The reported water production from these wells is between 1
and 24 gpm, averaging 7.8 gpm.
Based on the available information, the Mesaverde Formation appears to be the sole source of
groundwater in 36 water wells, or about 8 percent of the 440 water wells in the study area with
an identifiable groundwater source. Field studies have not been conducted to verify the source
of water. Of these 36 water wells, one is identified as dry. The locations of these permitted wells
are shown on Exhibit 7. Six of these water wells appear to be completed in the Barren Member
(non-coal-bearing) or upper portion of the formation.

These water wells have reported

production rates between 10 and 15 gpm. The remaining 29 water wells (about 6 percent of the
total) are completed in the coal-bearing or lower portion of the Mesaverde Formation, including
the Rollins Sandstone. Most of these water wells are located near the town of Cedaredge. The
reported yield of wells completed in the lower portion of the Mesaverde Formation is between
0.25 and 20 gpm, averaging 9.9 gpm. These yields were not independently confirmed with
pumping tests by WWE.
The Mesaverde Formation, in combination with other bedrock and/or unconsolidated deposits,
contributes to an additional 27 water wells within the study area. These include 22 water wells
with their apparent source as a combination of Mesaverde Formation and unconsolidated
deposits, 4 wells with a combined source in the Mesaverde and Wasatch formations and one well
whose apparent source is a combination of all three. Those water wells that appear to produce
groundwater from both the Mesaverde Formation and the unconsolidated deposits have reported
production rates between 0.25 and 25 gpm.

Most of these wells are also located in the

Cedaredge area. The four wells with a combination groundwater source within the Mesaverde
and Wasatch Formations are located in the northeastern portion of the study area and have a
reported production rate of between 1 and 5 gpm. The single water well that appears to produce
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groundwater from both of these bedrock formations and the unconsolidated deposits is also
located in the northeast portion of the study area and has a reported yield of 10 gpm. The
locations of these permitted wells are shown on Exhibit 7.
The Wasatch Formation was found to be the sole source of groundwater in 12 water wells (2
percent). These water wells are all located in the northern section of the study area (see Exhibit
7). Those wells that appear to produce groundwater from the Wasatch Formation have reported
production rates between 1 and 8 gpm, averaging 3.8 gpm.
The Wasatch Formation, in combination with other bedrock and/or unconsolidated deposits,
contributes to, but is not the sole source of, an additional 14 water wells within the study area.
These include nine water wells with their apparent source as a combination of Wasatch
Formation and unconsolidated deposits, four wells with a combined source in the Wasatch and
Mesaverde Formations, and one well whose apparent sources are the Wasatch Formation,
Mesaverde Formation and unconsolidated landslide deposits. The reported production rates
from these water wells vary between 1 and 30 gpm. These wells are also principally located in
the northern section of the study area.
SEO well permit records indicate that there is one well that is at least partially completed in the
Green River Formation. This well, with a reported yield of 14 gpm, appears to be completed in a
combination of Green River Formation and unconsolidated deposits.
The Uinta Formation appears to be the source of groundwater for three water wells (less than 1
percent) within the study area. These wells are all located near the top of Grand Mesa in the
northwestern portion of the study area (see Exhibit 7). The reported production rate of these
wells ranges from 1 to 8 gpm, averaging 3.5 gpm. Another well in the same area, with a reported
yield of 15 gpm, appears to obtain its water supply from a combination of unconsolidated
deposits and the Uinta Formation.
The last group of water wells with an apparent bedrock source are those completed, or partially
completed, in the basalt atop Grand Mesa. Available SEO records indicate that there are 20
water wells completed within the basalt or in combination with basalt and unconsolidated
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deposits. These wells are all located in the northwestern portion of the study area with reported
yields between 6 and 24 gpm, averaging 13.2 gpm.
Figure 15 provides a depiction of the general distribution of groundwater sources in the South
Flank Grand Mesa study area as obtained from water well permit records of the SEO.
6.2.3.3

Significance of Wells Completed in Mesaverde Formation

To provide an indication of the relative amount of Mesaverde groundwater use in the study area,
it is useful to compare Mesaverde Formation groundwater use to other water resources in the
study area. As explained in Section 6.2.3.2, there are 36 wells in the entire study area that
appear to derive their water exclusively from the Mesaverde Formation. There are an additional
27 wells that draw partially from the Mesaverde Formation, and from other formations (and
surficial deposits), as well. The available information suggests that these are domestic wells.
In the Lazear (2002) report The Latest Findings Concerning the Impact of CBM Development on
Water Resources on the Southside of Grand Mesa Delta County, Colorado, Mr. Lazear states
that the average domestic water use for Mesaverde Formation wells is 4,000 gallons/month.
Assume, conservatively, that Mr. Lazear’s estimate is low by a factor of 3, and that the average
monthly domestic use for each Mesaverde Formation well is 12,000 gallons/month. Over the
course of the year, this would amount to a total of about 16 acre-feet of annual Mesaverde
Formation use in the entire study area for the 36 wells. As for the other 27 wells which draw
partially from the Mesaverde Formation, assume, conservatively, that they derive 50 percent of
their water from the Mesaverde Formation and 50 percent from other sources. These 27 wells
would pump about 6 acre-feet annually. This 6 acre-feet/year can be added to the 16 acrefeet/year of use (for the 36 wells) for a total of roughly 20 acre-feet/year.
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Figure 15
Detailed Distribution of Bedrock Groundwater Sources in Study Area
from Water Well Records of the Colorado State Engineer's Office
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The value of 20 acre-feet/year is quite small when compared to various other hydrologic
statistics for the study area; for example:
The average annual irrigation season flow in Surface Creek from 1970-2001 at
the USGS gauge located upstream from Cedaredge, Colorado, where the drainage
area is 27.4 square miles, is 28,220 acre-feet. This drainage area represents only a
small fraction of the 756-square-mile study area, yet the streamflow is orders of
magnitude larger than the Mesaverde Formation well use.
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A rough estimate of the average annual consumptive use for the 26,400 acres of
crops and pasture in the study area is 50,000 acre-feet, and the irrigation demand
(amount applied) exceeds 60,000 acre-feet/year.
Assuming that the average annual precipitation over the entire study area is 24
inches, the annual volume of precipitation within the 756-square-mile study area
is close to 1 million acre-feet.
USGS gauging data for the period of record show that streams which flow off the
south face of the Grand Mesa collectively convey an average of over 150,000
acre-feet annually.
These comparisons are, in no way, intended to minimize the importance of these wells to their
owners. Rather, the comparison emphasizes the dominance of surface water in the study area,
and corroborates the many statements in references regarding a general lack of water (and use) in
the Mesaverde Formation.
6.3

Cordilleran Compliance Services Groundwater Field Data

As previously discussed, Cordilleran began collecting water quality samples in the study area
during 2002. In addition to collection of surface water (e.g., streams, ponds, springs) samples as
discussed in Section 5.2.6, alluvial groundwater samples were also collected from 16 wells and
analyzed for the same constituents as the surface water samples, as previously presented in Table
6. One or two samples have been collected at each sampling location, which are clustered into
four general areas: Dever Creek, Lone Pine (area north of Lone Pine Gulch), Stevens Gulch and
Spaulding Peak. Fifteen of these wells are domestic water supply wells and one is an SEO water
level monitoring well. The 16 permitted wells were reviewed as part of the SEO research
previously described in Section 6.2. Appendix B contains the sampling results.
The balance between major cations (e.g., calcium, magnesium) and major anions (e.g., chloride,
bicarbonate) can be used to help determine the source of the groundwater obtained from these
wells. As indicated in the discussion which follows, 11 of the wells are recharged by surface
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water, while five of the wells appear to be recharged by a mixture of surface and bedrock
formation sources (with surface water predominating).
Three wells were sampled in the Dever Creek area and two in the Lone Pine area. Of the Dever
Creek wells, two have bicarbonate as the dominant anion and one has sulfate as the dominant
anion, although bicarbonate is relatively high in this latter well also. Chloride is negligible in all
three Dever Creek wells. Magnesium is the dominant cation in two of the wells and calcium is
dominant in the other. Sodium is present in all three wells and exceeds calcium in one of the
magnesium dominated wells. TDS is 244 mg/L and 303 mg/L in the two bicarbonate wells, but
is 923 mg/L in the magnesium and sulfate dominated well. This latter well is likely to have a
contribution from bedrock formation water and/or from open mine workings.
Both Lone Pine wells are calcium-bicarbonate types and both contain significant amounts of
sodium and magnesium but negligible sulfate and chloride. These wells are likely to contain
mostly surface recharge water.
Three samples were collected from two wells in the Stevens Gulch area. One of these is a
sodium-bicarbonate type with significant calcium and magnesium but little sulfate and chloride.
This well may receive a mixture of bedrock formation and surface recharge waters. Its TDS is
328 mg/L, which suggests that surface recharge is the major source. The other well has sodiumsulfate type water with relatively large amounts of calcium, magnesium, and bicarbonate, but
negligible chloride. This well also is likely to have contributions from bedrock formation water
and/or mine workings. This well has TDS levels of around 1,600 mg/L, suggesting a lesser
contribution from surface recharge water.
Eleven samples were collected from nine wells in the Spaulding Peak area. Bicarbonate is the
major anion in all of these wells. Sodium is the major cation in two of the wells and the other
seven are calcium/magnesium types. Chloride and sulfate are negligible in all nine wells.
These data suggest that the sodium dominated wells contain both bedrock formation and surface
recharge water while the other wells are mainly fed by surface recharge. TDS in these wells is
comparatively low, ranging between 224 and 556 mg/L, suggesting that surface recharge is the
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main contributor. It should be noted that the absence of sulfate in these wells indicates that the
portion of the bedrock formation that contributes to wells in the Spaulding Peak area has a poor
hydraulic connection to the part of the bedrock formation that contributes to the wells in the
Stevens Gulch area. Additional discussion regarding water chemistry interpretation is found in
Section 6.6.
6.4

Other Data Sources

A variety of other data sources were reviewed for supplemental information on groundwater
conditions in the study area.

These sources, which are discussed in more detail in the

subsections which follow, include:
1. USGS web site (www.usgs.gov) and reports
2. COGCC database and files
3. Amoco reports
4. 1993 USFS Environmental Impact Statement
5. BLM Mining Permit Application Records
6. Oxbow Mining Database
7. West Elk Mine Database
8. CWQCD Alluvial Groundwater Database
6.4.1

U.S. Geological Survey Data

A search of the USGS “Site Inventory for the Nation” on the USGS web site (www.usgs.gov)
found only five groundwater wells within the study boundaries using search area boundaries
between 39o 08’ 00” and 38o 50’ 00” latitude and 108o 04’ 00” and 107o 13’ 00” longitude. This
USGS information was known to be incomplete, so alternate avenues were pursued regarding
available USGS data.
021-082.000
January 2003

Wright Water Engineers

Page 108

Characterization and Assessment of Water Resources on the Southeastern Flank of the Grand Mesa,
Delta, Gunnison and Mesa Counties, Colorado

As reported previously in Section 6.0, the USGS has published several reports on the
groundwater resources of the study area. Exhibit 2 shows the locations of the wells included as
part of these USGS investigations and reported to be completed in the Mesaverde Formation.
Also included on Exhibit 2 are the eight USGS wells that have recently been monitored by the
SEO as noted in the recent SEO publication entitled Ground Water Levels – Western Colorado –
Alluvial and Bedrock Aquifers (CDWR 2002).
WWE contacted the USGS Western Slope Subdistrict Chief (Paul Von Guerard) in Grand
Junction regarding the potential for observing water levels and obtaining water quality samples
from the locations identified in the water resources reports within the study area. WWE was told
that the USGS was not granting permission to sample or make observations on USGS wells
given their previous experiences with entities that had been given access. However, the USGS
stated that the wells included in the SEO water level monitoring network are available for
sampling and monitoring if granted permission by the SEO.
WWE asked if the USGS could provide additional information on the completion of the wells
identified in these previous reports. Upon review of their files, WWE was informed that the only
reference to the completion of these wells was provided in Open File Reports 78-540 (USGS
1978) and 79-327 (USGS 1979). These reports are devoted entirely to the geophysical logging
of coal test drill holes in the Mesaverde Formation of the Grand Mesa Coal Field. While the
geophysical logs are provided in these reports, lithologic descriptions are generally specific only
to the coal units encountered.

There are no data provided regarding the observation of

groundwater or how the wells were completed (i.e., what size casing was used, what portion of
the casing is perforated, how much of the annular space is grouted, etc.).
Several USGS wells have become part of a water level monitoring network maintained by the
SEO. Interviews with SEO staff found that water level observations have been made on eight
Delta County wells with reported completions in the Mesaverde Formation. WWE learned that
the SEO has been monitoring water levels within these wells since 1991 when USGS funding for
continued observations was terminated. The SEO continuously monitored these wells through
2001 at which time their funding was also discontinued.
021-082.000
January 2003

Wright Water Engineers

Page 109

Characterization and Assessment of Water Resources on the Southeastern Flank of the Grand Mesa,
Delta, Gunnison and Mesa Counties, Colorado

Given the potential for sampling and observing water levels in these eight wells, WWE requested
completion information from the SEO. The SEO was unable to provide this information and
directed WWE to Rick Arnold of the USGS-Denver Federal Center. Through research of a
USGS non-public database, Mr. Arnold was able to provide completion information for the eight
wells (see Table 10). Each of these monitoring wells is completed with a 2- or 3-inch diameter
PVC casing. Available data suggest that the well casings are perforated within the Mesaverde
Formation and also, in at least two cases, in the unconsolidated deposits overlying the bedrock.
Unfortunately, the available data do not indicate whether the annular space is grouted so as to
isolate the bedrock groundwater within the well from groundwater within the overlying
unconsolidated deposits. The small diameter of the PVC casings, combined with static water
levels greater than 200 feet below the ground surface for six of these wells, makes sampling by
pump nearly infeasible. Nonetheless, plans are underway to conduct water level observations
and water sampling of these wells as the means and access allow.
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Table 10
Colorado State Engineer’s Office Water Level Monitoring Well Completion Data
Delta County, Colorado

SEO Well
Designation

Well
Depth
SEO
(ft)
Aquifer

USGS
Site ID

Well
USGS
Drilled Well Casing
Data
Surface
Date of
Depth Depth Diameter
Source Elevation Construction (ft)
(ft)
(in)

Perforated Intervals
1st

2nd

3rd

USGS
Water
Source

SC01309228 ACB1

604

Mesaverde

385348107402101

Proprietary

8170

9/9/1977

902

604

3.00

60 - 140 520 - 600

--

Mesaverde

SC01309310 DBD1

310

Mesaverde

385605107460201

Proprietary

7680

10/13/1977

862

310

3.00

20 - 40

--

Mesaverde

SC01309316 AAD

560

Mesaverde

385532107470401

Proprietary

7480

10/3/1977

600

560

2.00

180 - 280 300 - 320 340 - 420 Mesaverde

SC01309324 CBA1

810

Mesaverde

385430107442901

Proprietary

8310

10/28/1977

1044

810

2.00

120 - 165 260 - 340 400 - 460 Mesaverde

SC01309401 ACC1

957

Mesaverde

385709107504101

Proprietary

7520

11/5/1977

957

957

2.00

380 - 400 560 - 620 820 - 860 Mesaverde

SC01309508 AAC1

585

Mesaverde

385628108014801

Proprietary

6920

9/22/1977

803

585

3.00

130 - 155 345 - 365 575 - 580 Mesaverde

SC01309511 CCB1

459

Mesaverde

385600107591301

Proprietary

6700

11/5/1977

459

459

3.00

160 - 240 340 - 360 400 - 420 Mesaverde

SC01309516 BCB1

378

Mesaverde

385537108014501

Proprietary

6760

9/10/1977

395

378

3.00

220 - 378
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6.4.2

Colorado Oil and Gas Conservation Commission Database and Water
Production Rates for Other Rocky Mountain Region Oil and Gas Fields

WWE queried the COGCC Information System electronic database on the COGCC web site and
inspected files at the COGCC office in Denver to identify oil and gas wells in the study area. As
a result of this database search, 73 oil and gas wells were identified within the study area, as
shown on Exhibit 3. Of these, 54 were abandoned and were identified as dry or plugged
including two temporarily abandoned wells. The remaining 19 wells were designated permitted,
pending, proposed or shut-in. Five wells maintain a producing status, as shown on Exhibit 3.
In the COGCC files, there were a total of six wells with water production data, as shown on
Exhibit 3. In addition, WWE located an Amoco well with produced water data, for a total of
seven oil & gas wells with such data. The average water production rate from these seven wells
is about 1 gpm, or about 35 bbls/day. This flow can be contrasted with the flow of a typical
garden hose of about 6-10 gpm (AWWA 1975) as shown in Figure 16.
To compare study area oil/gas well water yields with estimates elsewhere, the report Geologic
and Hydrologic Assessment of Natural Gas from Coal: Greater Green River, Piceance, Powder
River, and Raton Basins, Western United States (Tyler 1995) was reviewed.

It contains

substantial data for natural gas wells in the Piceance Basin throughout Colorado. Table 11
summarizes the data and demonstrates that oil/gas well water yields have ranged from a low of 0
gpm to a high of 5.5 gpm (189 bbls/day). Many of the values provided in Table 11 exceed the
observed yields of the oil/gas wells in the study area.
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Figure 16
Water Production Data for Oil and Gas Wells in Study Area
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Produced water yields for study area oil and gas wells are low relative to other Rocky Mountain
oil and gas fields. For example, WWE’s experience with coal bed methane in the Powder River
Basin in Wyoming indicates a typical yield of about 30 gpm (1,000 bbls/day) per well. The
USGS Fact Sheet FS-156-00 “Water Produced with Coal Bed Methane” provides the following
average produced water values:
Powder River Basin: 12 gpm (412 bbls/day)
Raton: 8 gpm (274 bbls/day)
San Juan: ~1 gpm (34 bbls/day) (Note: WWE has worked on CBM wells in the
San Juan Basin with produced water rates of about 15 gpm, and larger.)
Uinta: 6 gpm (206 bbls/day)
These estimates corroborate many other observations that, in general, the Mesaverde Formation
contains little water.
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Table 11
Water Production Rates for Individual Natural Gas Wells
in the Piceance Basin1
Operating Company
Barrett Resources

Conquest Oil/Bataa
Fuel Resources
Development
(Fuelco)
Oryx Energy
Chevron USA

Anadarco Petroleum,
Inc.
Unocal Exploration
Corporation
Other

Well Location (Field)
Parachute Field
(Cameo coal beds)
Parachute Field
(shallow Mesaverde)
Grand Valley Field
Rulison Field
South Shale Ridge Field
(test well)
South Shale Ridge Field
(highest water yield of
multiple wells)
White River Field
Rulison Field
Rulison Field
Divide Creek Field
Parachute and Skinner
Ridge Fields
Parachute and Skinner
Ridge Fields
Parachute and Skinner
Ridge Fields
Bronco Flats

Water Yield (bbl/day)
5

Water Yield (gpm)
0.15

5

0.15

0
0
6

0
0
0.18

120

3.5

38
72
96
188
28

1.1
2.1
2.8
5.5
0.82

8

0.23

28

0.82

60

1.75

Buzzard Creek Field

19

0.55

Pinyon Ridge Field

121

3.5

-

188
0

5.5
0

Maximum
Minimum
1

Tyler, et al. (1995) Geologic and Hydrologic Assessment of Natural Gas from Coal: Greater Green River,
Piceance, Powder River, and Raton Basins, Western United States.

6.4.3

Amoco Reports

In 1984, hydrogeologist Paul Oldaker completed a report titled Hydrogeologic Data Compilation
and Analysis, Mesaverde Formation, Piceance Basin, Colorado for the Amoco Production
Company (now BP/America). This report compiled and analyzed available hydrogeologic data
for the Mesaverde Formation, including definition of water-bearing units, reservoir
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characteristics, potentiometric head surface and ground water quality.

Based on analysis of a

significant data set from mines and other sources in the area, Oldaker concluded the following:
1. The coal seams produce little water, probably because of low permeabilities. The
coals and the sandstones have similar water production characteristics, and
neither could be defined as aquifers.
2. The coal-bearing unit has four recharge and four discharge areas, with most of the
flow moving northwest along the structural axis of the basin.
3. TDS concentrations in bedrock groundwater increase with depth and residence
time in the formation. Water in the marine (Rollins) sandstones has the highest
TDS, up to three times that of water in the coal. Water samples from the coalbearing unit had variable TDS concentrations with values as high as 10,200 mg/L.
4. Water from the coal seams and sandstones formed in a fresh water (non-marine)
environment was characterized as a sodium-bicarbonate type.

The marine

(Rollins) sandstones were characterized as sodium-chloride type. Water in a
recharge area near the Mesaverde outcrop would be expected to analyze similarly
to surface water in the area.
The data set on which Oldaker’s conclusions were based included 184 water, gas or monitoring
wells or springs completed in the Mesaverde Formation associated with the Bear Coal Company,
the Blue Ribbon Mine, Coors Nichols, Grand Mesa Coal Company, Hawksnest Mine, Red
Canyon Mine, Somerset Mine, West Elk Mine, Westmoreland Coal Company, Thompson Creek
Mine, other coal properties, or as contained in the USGS WATSTORE database.
A relevant subset of this data set was the basis for a significant portion of WWE’s data analysis
as discussed in Section 6.6. Appendix E contains these data identified by “P. Oldaker” as the
data source.
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6.4.4

U.S. Forest Service Environmental Impact Statement

The Final Oil and Gas Leasing Environmental Impact Statement for the Grand Mesa,
Uncompahgre and Gunnison National Forests (USFS 1993) discussed the groundwater and
surface water conditions that include a portion of the study area. While the Environmental
Impact Statement (EIS) boundaries also include land outside of the study area, the EIS is useful
as a general frame of reference for conditions in the region.
The EIS reported that only 2 percent of the water consumed in the Upper Colorado River region
is groundwater. Water wells are generally in the alluvium and less than 200 feet deep. The
alluvium generally provides a better aquifer than the bedrock, due to its higher water yields and
better water quality (USFS 1993).
For the Grand Mesa portion of the study area, the EIS reported TDS concentrations in
groundwater ranging from 63 to 2,970 mg/L and well yields ranging from 2 to 1,000 gpm,
averaging 20 gpm for Quaternary deposits (includes alluvium/colluvium).

Lower TDS

concentrations and higher yields are associated with alluvial/colluvial wells, with higher TDS
and lower yields in bedrock wells. For the Mesaverde Formation, well yields were generally less
than 10 gpm and ranged from 1 to 24 gpm with TDS ranging from 206 to 3,360 mg/L and
averaging 880 mg/L. The EIS did not examine individual Mesaverde Formation well logs/data.
WWE has observed that many wells labeled “Mesaverde Formation wells” actually receive
water from overlying, unconsolidated material as well. The lower TDS concentrations reported
in the EIS suggest that many of the Mesaverde Formation wells which the EIS references are, in
fact, collecting water found in overlying deposits.
Well yields and water quality were reported as highly variable within the area. The Rollins
Sandstone at the base of the Mesaverde was identified as being capable of conducting water, but
its near vertical exposures were identified as limiting recharge. The alluvial aquifers were
identified as locally recharging and discharging, depending on location. Where alluvial aquifers
are in contact with bedrock aquifers, they are probably hydraulically connected and some
intermixing of the two aquifers can be expected (USFS 1993).
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The EIS characterized the direct effects of oil and gas activities as not being expected to affect
local water supply availability. Although potential impacts to groundwater quality could occur,
the EIS reported that oil and gas operations as of the date of the report had not adversely
impacted the groundwater quality or levels.
In addition to reviewing the EIS (USFS 1993), WWE also pursued water quality and flow data
from the USFS Abandoned Mine Land Inventory database. No data were available within the
boundaries of the study area (Sares 2002).
6.4.5

U.S. Bureau of Land Management Records

The Montrose BLM office was contacted to obtain mining permit application records in the
vicinity of Cedaredge. As a result, archived records related to drill logs, geologic reports and
other relevant hydrogeologic information were obtained and reviewed, particularly with regard
to the Grand Mesa Coal Company’s activities near Brimstone Corner northwest of Cedaredge.
This information was used to assist in the characterization of geologic and hydrogeologic
conditions in the northwestern portion of the study area.
6.4.6

Oxbow Mining’s Electronic Data Set

As previously discussed in Section 5.2.4 and as summarized in Appendix C, Oxbow Mining
provided WWE with a copy of their extensive electronic water quality database that contains
significant data in the vicinity of the Elk Creek, Sanborn Creek and Somerset Mines for 1987
through 2000. Mesaverde and Rollins Sandstone Formations and alluvial groundwater samples
are included in this database. Over 490 groundwater samples are included in the database with
over 10 repeat sampling events at multiple locations. These data generally indicate that the
alluvial groundwater is of better quality than the Rollins Sandstone and coal seam groundwater.
Specifically, samples collected in the Bear Creek, Elk Creek and North Fork alluvium/colluvium
have average TDS concentrations ranging from 213 to 1,320 mg/L. Rollins Sandstone samples
are far higher, with TDS average concentrations at three locations ranging from about 6,700
mg/L to 15,300 mg/L. TDS concentrations in average coal seam samples from three locations
range from about 380 to 2,840 mg/L.
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6.4.7

West Elk Mine Data

Mountain Coal Company, L.L.C., maintains an extensive water quality database for the West Elk
Mine, located south of the North Fork of the Gunnison and in the southeastern part of the study
area. Because of the substantial size of the data set, groundwater quality data, particularly with
regard to the Mesaverde Formation, were reviewed.

The database contains over 670

groundwater samples with 10 to 20 repeat sampling events at multiple locations. Appendix F
contains the average concentrations for various monitoring locations at the West Elk Mine.
These data generally support similar conclusions as were reached for Oxbow Mining’s database:
alluvial groundwater is of significantly better quality than the deeper groundwater in the
Mesaverde Formation.
Many springs in the West Elk Mine area have sodium as the major cation and magnesium as the
second most abundant cation. Calcium in these springs is frequently negligible. While most
wells in the West Elk Mine area are sodium-bicarbonate types, some contain significant sulfate
and, in some of these, sulfate is the dominant anion. These may be completed where there is
little methane present. Some of the West Elk wells indicate contributions from surface recharge,
as indicated by relatively high calcium and magnesium levels. TDS in the springs varies widely,
ranging from less than 100 mg/L to over 2,000 mg/L. In the West Elk monitoring wells,
including those in the Mesaverde Formation, TDS ranges from around 200 to 8,000 mg/L.
6.4.8

Colorado Water Quality Control Division Alluvial Groundwater

During 1998 and 2000, Senate Bill 90-126 supported a regional groundwater quality baseline
study of the Western Slope of Colorado. The groundwater samples were collected from alluvial
aquifers along stream and river valleys or from local aquifers on the larger mesas. All of the
wells sampled were existing, privately owned and permitted domestic wells. The study results
showed that groundwater in most of the Western Slope shallow aquifers had not been adversely
impacted by current agricultural practices (CDPHE 2002b).
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WWE requested these data for Delta and Gunnison counties within the study area. Only Delta
County had alluvial groundwater data, as summarized in Table 12. In general, these wells
contained good water quality, particularly as compared to Mesaverde Formation water.

Most

of the wells had calcium/magnesium-bicarbonate type water that varied somewhat with regard to
proportions of calcium and magnesium. One well also contained considerable sodium. Six of the
seven wells had TDS below 700 mg/L.

The seventh well (WS98-068), for which depth

information was not available, had significantly different characteristics than the other wells and
much poorer water quality (TDS of 2,759 mg/L). Without additional information, it is difficult
to identify the cause of this deviation, although some possible explanations include that the well
may actually be completed in a formation other than the alluvium, that the well may be
recharged by a deeper groundwater source or that the well may be adjacent to sulfate-containing
minerals.
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Table 12

Potassium

Boron

Carbonate

Chloride

Nitrate

Nitrate-Nitrogen (CSU)

Hardness

Alkalinity

Total Dissolved Solids

Nitrate-Nitrogen (CDA)

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

52.9

13.2

7.2

0.05

<0.1

465.5

<0.1

8.4

5.7

1.28

362

382

612

1.3

Delta

2059 Hwy 65

95

7.7

633

74

32.8

13.4

5.5

0.04

<0.1

381.3

12.9

7

4.2

0.95

319

313

532

1

Delta

3000 N. Road

90

7.9

761

49.4

40.3

60.7

8.1

0.14

<0.1

366.6

113.2

12.7

5.7

1.29

289

301

658

1.3

Delta

1417 2950 Road

8.1

361

40.6

17.4

10.2

2.3

0.04

<0.1

225.5

11.3

2.6

1.6

0.36

173

185

312

0.5

Delta

1482 2950 Road
Hotchkiss

55

38

7.9

604

54.2

44.5

20.5

1.6

0.06

<0.1

392.3

29.2

12.9

1.9

0.43

318

322

558

0.6

Delta

1740-A Hwy 133

27

12

8.3

345

38.7

13.8

13.6

3.1

0.03

<0.01

193.2

35

<0.1

0.4

0.1

153

158

298

Delta

601 3900 Road

7.5

2,600

455.5

138.6

122

3.1

0.49

<0.1

383.1

1<638.

7.2

0.5

0.12

1<706

314

2,749

75

Sulfate

Sodium

mg/L

58

Bicarbonate

Magnesium

mg/L

686

Conductivity

mg/L

7.6

pH

mg/L

85

Water Level in ft.

mg/L

2067 Hwy 65

Well Location

Depth in ft.

µmhos/cm

Delta

County

Calcium

Alluvial Groundwater Data Provided by the CWQCD

3
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6.5

Groundwater Data from Coal Mines

Numerous active and inactive coal mines exist within the study area as shown in Table 13 and on
Figure 17 and Exhibit 1. Water quality, hydrologic, and geologic information collected at these
mines provides valuable information for characterizing conditions in the study area and is
presented in Section 6.5.1. This information was obtained from the CDMG office in Denver.

Table 13
Coal Mines Within the Study Area
Mine Name

Active within last 20

Township/Range

Years?
Tomahawk Mine

Yes

T13S, R95W

Red Canyon Mine

Yes

T13S, R95W

Green Valley Mine

No

T13S, R95W

Independent Mine

No

T13S, R95W

Top Mine

No

T13S, R95W

McGruder Mine

No

T13S, R94W

Ward Mine

No

T13S, R94W

Landreth Mine

No

T13S, R93W

Farmers Mine (near Dever Creek)

No

T13S, R93W

Newman Mine

No

T13S, R93W

Burdick Mine

No

T13S, R92W

Fitzsimmons Mine

No

T13S, R92W

Converse Mine

No

T13S, R92W

Farmers Mine (near Terror Creek)

No

T13S, R91W

Bowie Mine (No. 1 and 2)/Orchard
Valley
Blue Ribbon Mine

Yes

T13S, R91W

Yes

T13S, R91W

Oxbow Mines (Somerset, Sanborn
Creek and Elk Creek Mines)
Hawksnest Mine

Yes

T13S, R90W

Yes

T13S, R90W

West Elk Mine

Yes

T13S, R90W
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WWE was particularly interested in the amount of water in the Mesaverde Formation that was
experienced during mining. In general, the coal mines experienced very little inflow. In fact,
various mines actually had to import water for mining operations. In cases where significant
inflows have been experienced, special circumstances were usually in place, as discussed in
Section 6.5.2 for the West Elk Mine. Coal mines can be thought of as very large “wells,” with
water gathering capability not merely in the coal seam that is being mined, but also extending
upward, as well, due to fractures caused by caving following mining. For this reason, hydrologic
data reported for coal mines can be very useful in developing an understanding of groundwater
conditions in the study area.
6.5.1

Review of Coal Mine Permit Documents

Quotations, some of which are paraphrased, from documents such as Annual Hydrology Reports
and Probable Hydrologic Consequences text from permit documents associated with mines
located within the study area, are provided below. As shown in Figure 17, these mines span the
full width of the study area and form a “band” (as one would expect) along the outcrop of the
Mesaverde Formation. Please note that there is redundancy in the following descriptions, but
WWE chose to leave the repetition in to demonstrate the general consistency of the
hydrogeologic analysis across the full study area.
Tomahawk Mine
Source:

CDMG 1982; MLRD 1985

Typically, there is not much water in the Mesaverde group in this area
(south/southwest rim of the Grand Mesa). A 1977 aquifer test indicates that the
Mesaverde transmits and stores some water, but not vast quantities. The aquifer here
is capable of supplying limited quantities of water (less than 1 gpm) over a sustained
period of time (35 hours). Mesaverde water in the North Fork Gunnison drainage is
high in sodium and generally exceeds recommended levels of boron and fluoride for
irrigation purposes. Average TDS for all samples reported was 1,285 mg/L.
Due to rock characteristics, structure and stratigraphy, the potential for groundwater
resources [development] is limited. Local recharge is low because precipitation at
Cedaredge averages only 12 inches/year. The Rollins Sandstone is the only
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continuous sandstone in the area, but it is dry and has no associated springs or seeps
because the strata dip away from the outcrop areas. The sandstone under the permit
area is topographically and structurally high and contains no significant groundwater.
The transmissivity of bituminous coal seams is low. Therefore, water moves through
the coal seams slowly.
Red Canyon Mine
Source:

CDMG 1992

The Mesaverde does not typically have productive aquifers in the area due to poor
lateral continuity, inappropriate petrology or poor recharge topography. In the
Tongue Creek Basin, the Rollins Sandstones lie 150 feet below the Red Canyon D
seam. This regional aquifer is rather dry in this area because the seam is a cliffformer and little recharge is possible. No [mining] impacts are predicted for this
aquifer because the discontinuous sandstones, siltstones, shales and coals between the
mining zone and the Rollins preclude migration of water.
The coals act as minor aquifers with the transmissivity of one well in the E seam
recorded as 1.2 square feet per day (feet2/day) with a storage coefficient of 0.097.
This water is a sodium bicarbonate type with TDS ranging from 992 to 1,680 mg/L.
Sodium adsorption ratios (SARs) from 43 to 74 indicate that domestic and irrigation
use of this aquifer would be severely limited. Permeability in the D seam is mainly
the result of the post-depositional fracturing and cleating. The transmissivity is 16.7
feet2/day and the storage coefficient is 4.4 X 10-5, indicating that the aquifer is
confined with low permeability. The D seam water type is sodium bicarbonate with
TDS ranging from 1,184 to 3,104 mg/L. SARs range from 41 to 131, similar to the E
seam. Due to the aquifer’s low permeability and poor water quality, it is not suitable
for large scale development.
Bowie No. 1 and 2 Mines
Source:

Bowie Resources Limited 1984, 1996 and 1997

With regard to the Mesaverde Formation, all of the mines in the region report a
similar experience that the Mesaverde Formation does not contain extensive aquifers.
Typically, the formation is dry or the rock units are of such low permeability that they
yield insufficient water for sustained use.
The experience by others suggests that the Mesaverde Formation transmits little
water (Brooks 1983). The primary permeability is low due to the lithologic
composition of the sandstone, and the secondary (fracture) permeability is not well
developed. Extensive core drilling within this strata shows that fracture zones are not
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well developed. Similar observations were made in the Orchard Valley underground
mine. Fracture and fault zones, although encountered, are not well developed. The
Rollins Sandstone in the permit and adjacent area is characterized as dry along the
outcrop and develops piezometric head as the formation dips to the north.
The quality of the water in the Rollins Sandstone is poor. In general, groundwater
within the Mesaverde Formation is of sodium bicarbonate type and the TDS ranges
from 900 to 8,960 parts per million (ppm). High mineralization and high sulfate and
sodium content preclude use for potable, stock and irrigation purposes. Electrical
conductance and TDS values from the Mesaverde sources are typically ten times
higher than similar parameters measured from colluvial, near-surface water sources
(2,000 to 3,000 umhos vs. 200 to 800 umhos). The notable difference in water
quality clearly separates the groundwater systems and suggests the longer residence
time and lower transmissivity of the water within the bedrock Mesaverde.
In the upper perched water zone and the Rollins Sandstone, there are wet and dry
areas. Wet areas probably originate in the colluvium or colluvial water recharge
areas. These areas are characterized by confined, saturated horizons of localized
lateral and vertical extent with low porosity, unsaturated intervals. The erratic
location of these perched water occurrences, low transmissivity and permeability and
the absence of development and exploitation diminishes the possibility of these
sources being used as a groundwater resource in the foreseeable future.
Groundwater occurrences in the Mesaverde Formation should not be of any
significant influence to the hydrologic regime. The Mesaverde Formation transmits
little water.
With regard to the experiences of other mines experiencing water in the coal mines,
the Hawksnest Mine in the E seam was reported to be virtually dry. Old Oliver No. 1
Mine in the D seam discharged water from its abandoned openings at 10 to 15 gpm.
Oliver No. 3 Mine in the E seam was not discharging. The Somerset Mine had an
estimated inflow of 235 gpm. These flows were expected to be related to the close
proximity of Hubbard Creek. Sanborn Creek Mine had a total mine inflow for 1995
of 254 gpm, which was expected to be due to the close proximity of the North Fork
Gunnison. The Old King Mine was apparently not discharging water.
Coal seams and some sandstone strata are water-bearing in areas where recharge
potential is available. Most of the recharge into the bedrock strata is provided at subcrops of these strata beneath the local streams and colluvium. There are no bedrock
groundwater supply wells in their permit area due to the low permeability of the
water bearing strata, the lenticular character of the sandstone strata and the generally
poor quality of the water.
Groundwater in the Mesaverde occurs in sandstone strata and coal seams. Because of
the lenticular character of the sandstone and the low hydraulic conductivity of the
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coal seams, there is not a significant aquifer within or above the coal member of the
Mesaverde. In the D seam, hydraulic conductivity was 0.011 to 0.0016 feet per day
and the transmissivity was 0.17 to 0.3 feet2/day. Groundwater flow is very slow due
to the low transmissivity.
Blue Ribbon Mine
Source:

Blue Ribbon Coal Company 1982

Sandstone beds within 100 to 150 feet of the coal seam are generally fine to very
fine-grained with calcite cement and are probably capable of transmitting very little,
if any, water. Sandstones higher in the section are coarser and thicker and could be
capable of transmitting water. However, due to being highly variable in thickness,
lateral extent, grain size, and sorting and matrix content, it is doubtful that any are
significant water bearing units. Evidence indicates that mining and reclamation
activities should have little or no effect on surface or groundwater. In 1982, the only
subsurface water encountered during exploration was in an alluvial aquifer.
Statements based on operation of the old Blue Ribbon Mine, the experience of mine
operators in the area, and the study of the regional and local stratigraphy and geologic
structures of the area indicate that the mining of the E coal seam will produce little, if
any, measurable quantity of water.
In the Somerset Mine within the B and C seams, no active aquifers have been
intercepted above the coal seam. Exploratory drilling at the Blue Ribbon Mine did
not produce water in any of the exploration holes, indicating that aquifers in the area
above or below the E seam were of limited extent or barren of groundwater. There
was no identified water table in the area to be mined at the Blue Ribbon Mine.
Oxbow Mining’s Somerset, Sanborn Creek and Elk Creek Mines
Source:

Oxbow Mining, LLC 2002; Montgomery Watson Mining Group 2000 and
2001; Somerset Mining Company 1993

A test hole drilled north of the river into the E seam was dry, indicating that no active
aquifers were expected in the immediate area.
In summary, any water production for the Mesaverde sequence above or below the E
seam will be limited in quantity and highly localized. Such production should be
predictable from surface indications of joints, fracture systems and drainage patterns.
There is no identified aquifer that carries a significant volume of groundwater.
Exploration holes were generally dry and no significant amount of water was
encountered in any drill hole. Water was encountered when the drill hole penetrated
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the Rollins Sandstone. In the vicinity of the Sanborn Creek Mine, an exploratory
hole was virtually dry above the Rollins Sandstone.
The bedrock aquifers have low potential yield. Many of the units are very lenticular
and inter-tongued with each other and continuity of any of the units over large areas
is rare except for the Rollins Sandstone. There should be no seepage up into the
Sanborn Creek Mine B seam floor from the Rollins due to the intervening 8.5 feet of
relatively impermeable shale. The coal beds rely on secondary fracture porosity to
transmit water; otherwise the ability of the coal seams to transmit water is extremely
poor. The transmissivity of the B and C seams is 0.96 and 0.90 gallons per day per
foot (gpd/foot), respectively, with a porosity thickness of 0.0012. The aquifers are 8
and 7.5 feet thick, respectively.
West Elk Coal Company’s 1990 AHR reported mine inflow of 5.76 gpm. The
Hawksnest Mine in the E seam was reported virtually dry. The Old Oliver No. 1
Mine was developed in the E seam and discharged water at a rate of 1 to 1.5 gpm.
The Oliver No. 3 Mine in the E seam was not discharging water. The Bear No. 3
Mine was reported as dry. The Sanborn Creek Mine had an initial flow of 17 gpm
until a fracture increased the mine flow for a short period of time to 250 gpm. The
water flow into the mines may be associated with the relative elevation of the coal
seam and the river. The Bear Mine and the West Elk Mine, which are mining above
the river, are virtually dry. Much of the Hawksnest Mine is also developed above the
elevation of the river. The Sanborn Creek and the Somerset mines include areas
below the river elevation. The Sanborn Creek Mine experienced water seepage from
the coal and roof. These sources of water tended to dry up within a few weeks of
mining, indicating that the coal seams and surrounding strata have very low
permeabilities. This localized dewatering of the coal seams and surrounding strata
was expected to have an insignificant impact on the hydrologic balance of the area.
Generally, in the mine permit and adjacent areas, beneficial use of groundwater is
minimal due to the limited availability and quality, depth-to-groundwater and other
issues. Since all of the mineable coal units outcrop or sub-crop on the canyon wall of
the North Fork Valley, their outcrops are generally above the level of the river and
the related alluvial/colluvial deposits, with the exception of the B seam. The B seam
sub-crops in or under the North Fork Valley in the vicinity of the Town of Somerset.
Extensive historical mining in the B seam generated very limited groundwater
inflows to the mine, so it appears that even though this seam sub-crops in or under the
North Fork River, it is relatively tight and receives and transmits very little
groundwater. Direct recharge to most of the mineable coal units is limited by both
low permeability and the steep valley side slopes. The one exception may be the D
seam, which is recharged from both the overlying unconsolidated surficial materials
and flowing surface drainages where the coal seam outcrop is exposed in the drainage
valleys.
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Most of the bedrock units are relatively fine-grained with limited permeability, so
infiltration from the unconsolidated materials is intercepted by the first relatively
impermeable unit creating a perched water table. With the limited lateral continuity
of most of the bedrock units and the numerous deeply incised drainage valleys
intercepting the upper bedrock units and resulting in outcrop exposures, the potential
for significant accumulation or flows of perched groundwater is limited. Based on its
depth, the existence of a sequence of relatively impermeable overlying shales and
underlying claystones, the limited amount of connate groundwater, the lack of
significant groundwater movement and poor groundwater quality, the Rollins
Sandstone is not considered a groundwater aquifer. It should be noted that the
Rollins Sandstone had previously been referenced as an aquifer in this area; however,
a number of factors including on-going monitoring by several mines in the area have
resulted in a determination that while the Rollins Sandstone does contain connate
groundwater and limited groundwater in post-depositional fractures, it does not
function as an aquifer.
Any water that may be contained in the fracture zones of the Rollins Sandstone is
isolated from both the water table system and underlying units by overlying and
underlying low permeability shale and claystone members. These confining units
effectively prevent any upward seepage from the Rollins Sandstone to the B seam or
overlying units or recharge from the overlying perched groundwater system.
Monitoring indicates relatively poor water quality in the Rollins Sandstone, no
significant changes over time in water quality, and little or no groundwater
movement. Therefore, it appears that the limited amount of groundwater in the
Rollins Sandstone may represent connate groundwater in place at the time deposition
of this unit occurred, or a minor amount of groundwater occurring in postdepositional fractures.
The perched groundwater system consists of isolated groundwater occurrences
associated with lithologic units that are hydraulically connected to a recharge source,
have sufficient permeability to store and transmit groundwater, and have an
underlying low permeability unit which limits downward migration of the water.
Most of the lithologic units within the geologic sequence in the mine and adjacent
areas are relatively fine-grained and well cemented with low horizontal and vertical
permeabilities. Groundwater occurrence is, therefore, typically found relatively high
in the sequence. In some cases, coal seams that might be expected to carry water
don’t due to contained natural gas and elevated gas pressures. Where the coal seam is
relatively impermeable, sandstones in the overlying sequence may act as perched
aquifers. For the clastic sequences associated with the E, D, C and B seams,
transmissivity is estimated at 0.90 to 0.96, porosity at 0.0012 and aquifer thickness at
2 to 14 feet.
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The majority of the exploration drill holes completed in the mine area have been
relatively dry with occasional damp zones encountered in some of the holes and
limited occurrences of actual flowing groundwater.
Due to quality and yield considerations, surface water and associated
alluvial/colluvial units are the primary water supply sources in the area. The only
groundwater unit which provides adequate quantities of water of suitable quality to
support beneficial use is the alluvial/colluvial aquifer system.
Water in the Rollins Sandstone is confined to limited localized zones that are
fractured and/or contained above the Rollins. Water quality is poor with high TDS as
sodium chloride. Inflow and recovery of water level in the drill holes indicates very
low permeability and porosity of the sandstone.
Hawksnest Mine
Source:

Hawksnest Mines 1983 (Note: Paul Oldaker conducted the hydrologic
and hydrogeologic studies for this mine.)

The most significant aquifer is the alluvium of the North Fork Gunnison. Mines in
the E seam are dry. Therefore, the mining operation is not depleting the quantity of
groundwater in the alluvium through mine induced flows. Faults and fractures may
be encountered during future mining down dip in the E, Wild and D coal seams. If
these faults and fractures subcrop below the North Fork alluvium, they may provide a
conduit for flow of groundwater into the mine workings. This would cause a localized
depletion of groundwater in the alluvium. This depletion, however, would quickly be
replenished by the surface water recharge from the North Fork. The impacts to
downstream alluvial groundwater users would be negligible.
No seeps from the mine floor are present; therefore, the Rollins sandstone is not
discharging up into the mine workings.
The discontinuous lenticular sandstones which overlie and underlie the coal seams
may contain perched aquifers. No water supply wells are completed in perched
lenticular aquifers in the region and the potential future use of these is limited by the
depth of drilling required, steepness of the valley slopes and low water yields. Small
springs and seeps supported by the sandstone may be impacted by the mine with a
maximum possible depletion of 16.085 gpm, or 0.0086 percent of the average flow in
the North Fork. The coal seams are not aquifers.
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West Elk Mine
Source:

Mountain Coal Company 1998; Mayo 1998 (Note: WWE has conducted
studies at this mine.)

Groundwater occurs in a perched condition in the Upper and Lower Coal Members of
the Mesaverde. No unit above the Rollins Sandstone has the areal extent or yielding
capability to be considered a potential regional aquifer. For the most part, the
Mesaverde Formation is dry or the rock units are of such low permeability that they
yield insufficient water for sustained use. Even the Rollins Sandstone has been found
to be highly cemented and a low producer. The Rollins has been found to have
insufficient yield to sustain groundwater supply wells. In addition, petrographic
analysis revealed that the sandstones in the Rollins Sandstone are depositionally
immature and have been designated as a “tight gas sand” by the Colorado Oil and Gas
Commission (Mayo 1998).
Due to low permeabilities in the Rollins Sandstone and the B seam, local
groundwater flow is controlled by secondary porosity (fractures). Groundwater use
in the general area is confined to shallow wells in the alluvium of the North Fork and
its tributaries.
Two stock and domestic wells near the Hawksnest Mine thought to be completed in
the Rollins Sandstone are probably completed above the sandstone and are thought to
have a surface water connection with the alluvium due to the close proximity of the
wells to the river and the lower salinity of the water (Brooks and Ackerman 1986).
During borehole drilling, infrequent groundwater encounters indicated the
insignificance of the groundwater in the coal bearing strata. Areally extensive
groundwater systems and aquifers do not occur in the study area due to the steep
cliff-face exposures of many bedrock formations and the heterogeneous lithologies of
bedrock formations, which prevent significant vertical or horizontal movement of the
limited recharge water. Groundwater encountered in the mine workings is not in
active hydraulic communication with groundwater in overlying bedrock units. These
groundwater systems are localized and do not form areally extensive systems that are
in hydrodynamic communication with each other. Neither the coal seams nor the
overburden units within the permit area transmit groundwater in sufficient quantity to
sustain water supplies.
See Section 6.4.7 for a discussion of groundwater quality data obtained from the West
Elk Mine and Section 6.5.2 for a discussion of fault inflows during 1996/1997.
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6.5.2

1996-97 Fault Inflows to West Elk Mine

In 1996 and 1997, the West Elk Mine, operated by Mountain Coal Company (MCC),
experienced unprecedented inflows associated with two fault systems. The nature and flow rates
of these fault inflows had not been previously encountered at the mine, and no new similar
events have occurred since 1997. WWE investigated the occurrence and effects of these fault
inflows on behalf of MCC.
The West Elk Mine began operations in 1981, initially room-and-pillar mining the F seam and
proceeding to longwall mine the B seam. Both coal seams are located in the coal-bearing
member of the Mesaverde Formation. The bottom of the B seam is located approximately 80 to
100 feet above the Rollins Sandstone, which forms the base of the Mesaverde Formation. The
bottom of the F seam is located about 350 to 400 feet above the top of the B seam and outcrops
at the mine facilities along the North Fork.
As part of the hydrologic monitoring program, MCC has completed roughly twenty wells into
units within the Mesaverde Formation to assess effects due to mining. Several of these wells
were abandoned due to lack of water in the formations in which they were completed.
Prior to 1996, the long-term groundwater inflows from the F and B seams were approximately
12 gpm for the whole mine. In the B seam, the maximum groundwater inflow rate was roughly
50 to 100 gpm, which tapered off in a matter of days to less than 5 gpm. Maximum inflows in
the F seam were approximately 7 gpm. Water encountered in the Mesaverde Formation has
typically been associated with discontinuous sandstone lenses within the inter-bedded strata.
These lenses usually have no or very limited recharge.
In March 1996, mining operations experienced inflows of up to 2,500 gpm from a fault in the
B East Mains. The initial high flows tapered off to a flow of approximately 80 to 85 gpm after
several months. B seam mining hit a second fault system in the 14 SE Headgate in January 1997
with initial flows in excess of 8,000 gpm. By July 1997, flows from the 14 SE Headgate fault
decreased to 150 to 200 gpm.
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As mining progressed through the downdip expressions of these faults, the water would relocate
to the lower spot and cease flowing at the upgradient location. Usually, there would be an initial
increase in flows at the new location before rapidly dropping to rates comparable to the
upgradient location. This pattern was evident with both fault systems and is indicative of a
fracture-controlled source. During water year 2000, the combined inflow from the two fault
systems was less than 100 gpm.
While the chemistry of the fault inflows was similar to previous B seam inflows, the temperature
of the water was over 80°F. The fault inflows encountered in the mine emanated predominantly
from the floor with sufficient pressure to lift several large blocks of coal.
Isotope analyses on samples obtained from the B East Mains fault inflows after flow rates had
leveled off to approximately 80 gpm were conducted for “fingerprinting” and age-dating
purposes. Analyses conducted by Dr. Alan Mayo of Brigham Young University indicated the
water was on the order of 10,000 years old. Dr. Mayo also found that the fault systems are
hydrodynamically separate from other ground and surface waters, as well as each other.
The inflows from the B East Mains and 14 SE Headgate fault systems are indicative of
secondary porosity (e.g., porosity developed by a formation after its deposition or placement,
usually by weathering or fracturing). With the exception of the unprecedented fault inflows,
mining operations at the West Elk Mine have encountered only minor (initial rates of less than
100 gpm) inflows, which decline rapidly to rates typically below 5 gpm within a week. The
bedrock units within the Mesaverde Formation exhibit a very low primary porosity; when
inflows do occur, they tend to dissipate quickly—indicating limited areal recharge.
The investigation into the fault inflows at the West Elk Mine concluded that the water did not
originate within coal-bearing member of the Mesaverde Formation and, in fact, was nontributary groundwater as confirmed by the SEO. This finding led MCC to file and obtain nontributary water rights on the two fault inflows. The SEO found that there was no reliance on or
decreed water rights for the fault waters as a water supply and, therefore, the water did not
require augmentation since there was no injury to other ground or surface water rights.
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6.6

Interpretation of Water Quality Data

6.6.1

Approach

WWE has compiled a database currently containing over 400 separate water quality records
dating from 1974 to the present for surface and groundwater sources, including available
information concerning water sources, well logs, sampling dates, and sampling locations as
discussed earlier in Sections 5 and 6. These data are summarized in Appendix E. The most
recent water quality samples have been collected by Cordilleran, as described in other sections of
this report. Using this assembled database, WWE has used several computer programs to
statistically and graphically assess the similarities and differences of various water samples and
therefore characterize the water quality of groundwater and surface water sources in the area of
study.
Specifically, WWE compared the chemical profiles of groundwater from the Mesaverde
Formation with chemical profiles of surface water and groundwater sources within the study
boundary. A multi-step process was used to evaluate the similarities and dissimilarities of
different water quality profiles. This process included the following:
1. Comparison of major ion water types (e.g., sodium-bicarbonate water versus
calcium-sulfate water) using Stiff diagrams. All ions comprising 10 percent or
more of the total molar concentration in the water are considered to be major ions.
2. In cases where the water type was not sharply defined (more than one major
cation and/or one major anion), as for calcium-bicarbonate-sulfate water,
evidence of mixing of different waters or of unique mineral contributions was
sought.
3. Unique fingerprints of trace ions were sought for water sources. For example, the
presence of boron and bromide in a sample from a well completed solely within
the Mesaverde Formation and the absence of these ions in a different well can be
supporting evidence that the two wells are not hydraulically connected. The
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presence of boron and bromide in both wells indicates a possible hydraulic
connection and additional data, such as relative ion concentrations or relevant
physical characteristics of the site, are required to support or reject this
possibility.
Using this approach, WWE found that water from the Mesaverde Formation has a characteristic
quality profile that is distinct from other water sources in the vicinity. The observed chemical
quality of different water sources in the study area (see Figures 18 and 19) can be explained by
examining the available hydrogeologic information.
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Figure 18
Stiff Diagrams of Representative Water Sources
Stiff diagrams

Comments
Mesaverde Formation—B Seam

a

Sodium-bicarbonate type water from a well completed in the B
seam of the Mesaverde Coal-Bearing unit. This Stiff pattern is
typical for wells completed in the Mesaverde Formation. Well
depth not reported. TDS = 2,159 mg/L. (Data Source: Oldaker
1984).
Rollins Sandstone

b

Sodium-chloride type water from a well whose completion zone
included the upper portion of the marine Basal Rollins Sandstone
unit. Note that the meq/L scale is much larger than for 18a
above; other ions present are masked by the large amounts of
sodium and chloride. Well depth not reported. TDS = 30,400
mg/L. (Data Source: Oldaker 1984).
Leroux Creek

c

Calcium-bicarbonate type water from Leroux Creek near
Patterson Reservoir. The low TDS indicates that it is not fed by
discharge waters from the Mesaverde Formation. TDS = 82 mg/L
(Data Source: Cordilleran Compliance Services).

Spring—West Elk Mine

d

Calcium-magnesium-sodium-bicarbonate-sulfate type water from
a spring near West Elk Mine on the North Fork of the Gunnison
River. The significant levels of sodium, sulfate, and TDS indicate
that it is fed, in part, by discharge from the Mesaverde Formation.
The presence of sulfate indicates a lack of methane at this
location. TDS = 427 mg/L (Data Source: Oldaker 1984).
Mesaverde Formation Well

e
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Sodium-magnesium-bicarbonate type water from a well
completed in the Mesaverde Formation about 3 miles north of
Cedaredge. The relatively low TDS and higher calcium and
magnesium level indicate a substantial contribution from
recharge water. Well depth = 126’, TDS = 120 mg/L (Data
Source: Brooks and Ackerman 1985).
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Figure 19
Stiff Diagrams of Water Sources in the Spaulding Peak Area
Stiff diagrams

Comments
Mesaverde Formation—E Seam

a

Water quality of a well completed in the E seam of the Mesaverde
Formation at the Red Canyon Mine near Cedaredge. The Stiff diagram
shows that it is a sodium bicarbonate type water with essentially no
calcium, magnesium, chloride, or sulfate. TDS = 570 mg/L. (Data Source:
Oldaker 1984).

Unconsolidated Shallow Well
b

A well (132 feet deep) permitted to Robert and Joann Flinn (Permit
#232345) about one mile west of the Red Canyon Mine well. The well
produces a calcium-magnesium-bicarbonate water with a TDS level about
half that of the Red Canyon Mine well. According to the driller’s note, “all
water (produced from this well originates) in the unconsolidated
unconfined aquifer.” TDS = 346 mg/L (Data Source: Cordilleran
Compliance Services).
Spring

c

A surface spring about 1 mile north of the Red Canyon Mine well. It also is
a calcium-magnesium-bicarbonate type water with a TDS level similar to
SP-DW6. It differs from SP-DW6 by having a larger magnesium/calcium
ratio. Other springs in the vicinity have similar Stiff diagrams. TDS = 368
mg/L. (Data Source: Cordilleran Compliance Services).

Surface Creek
d

Water from Surface Creek about 6 miles northeast of Red Canyon Mine. It
is a calcium-magnesium-bicarbonate type water with very low TDS. Other
creeks in the vicinity have similar Stiff diagrams. TDS = 63 mg/L (Data
Source: Cordilleran Compliance Services).

Mesaverde Formation Well
e
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A well (211 feet deep) permitted to Gregory and Frances Lazear (Permit
#191618), located about 1 mile west of the Red Canyon Mine well. This
well produces a sodium-magnesium-calcium-bicarbonate water. TDS =
397 mg/L.
This well is completed entirely in the Mesaverde Formation but the higher
levels of calcium and magnesium suggests that:
1.
Recharge water from surface sources contributes to the well, or
2.
This portion of the Mesaverde Formation contains additional calcium
and magnesium minerals and has poor hydraulic connection to other parts
of the Mesaverde Formation (Data Source: Cordilleran Compliance
Services).

Wright Water Engineers

Page 137

Characterization and Assessment of Water Resources on the Southeastern Flank of the Grand Mesa,
Delta, Gunnison and Mesa Counties, Colorado

6.6.2

Interpretation of Hydrogeologic Information

The water quality of wells and springs is influenced by the hydrogeology of their water sources.
The TDS concentration in groundwater that is isolated hydraulically from surface recharge
increases with the length of time that the water is in contact with minerals in the formation.
Because water flow within the Mesaverde Formation is generally downdip toward deeper parts
of the formation (Oldaker 1984), TDS concentrations should tend to increase with increasing
depth, as is generally observed (Oldaker 1984). However, a shallow Mesaverde Formation well
or spring may still have high TDS concentrations if this water has had a long residence time in
the formation and is not influenced by surface recharge with water from overlying
unconsolidated deposits. Likewise, TDS concentrations in Mesaverde Formation wells and
springs can be comparatively low when the water has been in the formation a relatively short
time or when the bedrock is hydraulically connected to overlying unconsolidated deposits. This,
too, is generally observed (Ackerman and Brooks 1986, Oldaker 1984). Figures 18 and 19
provide examples of the water quality types identified in the study area.
Water quality in the Mesaverde Formation is also influenced by geologic variability within the
formation. As discussed in Section 4.0 and as shown in Figure 3, the Mesaverde Formation
contains four to five member units. This discussion focuses on the Coal-Bearing Member and
the underlying Rollins Sandstone. The majority of the Coal-Bearing Member is of fresh water
origin (i.e., non-marine, continental), while the Rollins Sandstone is generally of marine origin
(Oldaker 1984).
The WWE water quality database assembled for this project and various references (e.g.,
Oldaker 1984) show that water samples from wells completed in the Coal-Bearing Member are
predominantly a sodium-bicarbonate type with TDS concentrations typically between 400 mg/L
and 7,000 mg/L. Sodium is the dominant cation because of exchange of calcium and magnesium
for sodium on clays within the formation. Bicarbonate is the dominant anion because any sulfate
present is reduced microbiologically to sulfides while carbon from methane, which serves as the
reducing energy source, is converted to bicarbonate (Oldaker 1984). Chloride is generally
absent because most of the water is of fresh water origin. When wells are completed below the
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Coal-Bearing Member in the Rollins Sandstone, where the member is of marine origin, the water
is a sodium-chloride type, with the chloride being leached from the marine sandstone (e.g.,
Figure 18). Because of the higher TDS levels in the Rollins Sandstone (10,000-30,000 mg/L),
chloride levels generally mask any bicarbonate and sulfate present (Oldaker 1984).
Most creek and spring waters that have been sampled in the study area are calcium-magnesiumbicarbonate types with low TDS concentrations (less than 500 mg/L). The few surface waters
that also contain significant amounts of sodium, sulfate or chloride appear to be in areas where
bedrock units outcrop and formation water can mix with colluvial/alluvial water and/or old mine
water. Some water from wells completed in the Mesaverde Formation are also of calciummagnesium bicarbonate types with low TDS levels (e.g., Figure 18). The chemistry of the water
in these wells suggests that the water is proximally recharged by a surface water source.
6.6.3 Water Sources Near Cedaredge
As described earlier in this report, the largest use of Mesaverde Formation groundwater within
the study area is in the general vicinity of Cedaredge. Figure 19a shows that Mesaverde
Formation water from the Red Canyon Mine near Cedaredge is a characteristic sodiumbicarbonate type with little or no calcium, magnesium, chloride, or sulfate, while surface water
from creeks and springs in the same vicinity is generally relatively high in calcium and
magnesium but contains little sodium (Figure 19bcd). Well SP-DW2 has the relatively high
sodium and bicarbonate levels of Mesaverde Formation water but differs by having low TDS and
higher calcium and magnesium levels (Figure 19e).
When a well such as SP-DW2, which is known to be completed within the Mesaverde
Formation, exhibits water quality intermediate between surface and Mesaverde Formation
waters, it can be concluded that some combination of the following hypotheses exist:
Hypothesis 1: The well is completed in an area of the formation where the water has not
yet reacted extensively with formation minerals.
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Hypothesis 2: Meteoric recharge water from the surface mixes with older formation
water by passage through the overlying colluvium/alluvium or by means
of improperly constructed water wells.
Hypothesis 3: The well lies in a portion of the Mesaverde Formation that contains
uniquely significant quantities of calcium and magnesium minerals and is
poorly connected hydraulically to other parts of the Mesaverde Formation.
Hypothesis 1, above, can be tested by comparing the location of the well relative to known areas
of potential recharge (e.g., near bedrock outcrops, areas of lakes and streams, or thick saturated
and permeable unconsolidated deposits). Well SP-DW2 is generally not considered to be in the
regional recharge area for the Mesaverde Formation but may be influenced by localized recharge
from the abundance of surface water moving across and within the unconsolidated unconfined
materials in the Surface Creek drainage north of Cedaredge.
Hypothesis 2 can be tested in two ways: (1) by calculating the optimal mixing ratio of two
possible sources that most closely match the target sample and (2) by examining the levels of
TDS. When calculating a mixing ratio, one would ideally calculate the optimal mixing ratio of
Mesaverde Formation water with water from the alluvium adjacent to the target well. Since
alluvial water adjacent to a Mesaverde Formation well has generally not been analyzed, surface
water sources in the vicinity have been selected that are expected to be either similar or to differ
in a predictable way from alluvial water. Water that has been confined within the Mesaverde
Formation for a long time period has relatively high levels of TDS.

Water that contains

significant amounts of younger meteoric water from surface recharge is lower in TDS.
Hypothesis 3 can be tested by a combination of physical tests (such as pumping tests) and
chemical analysis of soils and soil water. In the absence of such specific data, Hypothesis 3
might be deduced from other relevant hydrogeologic and chemical data (such as chemical
fingerprints of trace elements and groundwater gradients).
WWE has performed an exploratory examination of the data from water sources near Cedaredge
in order to:
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Confirm the characteristic quality profile of water from the Mesaverde Formation.
Apply mixing calculations to a test case by estimating what the optimal relative
mixing contributions of Red Canyon Mine Mesaverde Formation water and
several nearby surface and colluvial/alluvial water sources would have to be, in
order to produce the water quality of SP-DW2 as closely as possible.
From these studies, WWE has been able to draw several conclusions:
1. Well waters classified as a sodium-bicarbonate type that have Stiff diagrams
closely matching the Red Canyon Mine diagram in Figure 19 invariably have
TDS levels above 400-500 mg/L. In some cases, their TDS values exceed 2,000
mg/L.
2. Well waters also classified as mainly sodium-bicarbonate types but with Stiff
diagrams significantly different from the Red Canyon Mine diagram generally
have TDS levels significantly lower than 400 mg/L. These lower TDS samples
usually contain relatively more calcium and magnesium than the high TDS
samples (e.g., see SP-DW2 in Figure 18). These conclusions are based on the
examination of over 100 records of sodium-bicarbonate type water samples from
the study area.
3. If Red Canyon Mine Mesaverde Formation water is mixed with spring water
similar to that sampled from SP-SG12, a close match to the water from SP-DW2
is obtained using 4 percent of the water from Red Canyon Mine and 96 percent
from SP-SG12.
4. If Red Canyon Mine Mesaverde Formation water is mixed with creek water
similar to that sampled from SP-CK7, an optimal match (but not as close as with
SP-SG12) to the water from SP-DW2 is obtained using 24 percent of the water
from Red Canyon Mine and 76 percent from SP-DW2.
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5. If Red Canyon Mine Mesaverde Formation water is mixed with well water from
SP-DW6, an optimal match (but also not as close as with SP-SG12) to the water
from SP-DW2 is obtained using 2 percent of the water from Red Canyon Mine
and 98 percent from SP-SG12. It is assumed here that water in the well SP-DW6
represents alluvial water (i.e., water within the unconsolidated unconfined
materials in direct hydraulic communication with surface flows). SP-DW6 is
located approximately one-half mile north of SP-DW2 and is generally
considered to contain water with quality indicative of alluvial waters in the area.
Conclusion 1, above, indicates that many wells completed in the Mesaverde Formation receive
significant recharge water from the overlying colluvium/alluvium. These wells are identified by
their relatively low TDS and by having Stiff diagrams that differ from that of Red Canyon Mine
Mesaverde Formation water by having relatively higher concentrations of calcium and
magnesium. For SP–DW2, used in the mixing calculation test cases, the low TDS concentration
as compared to the Red Canyon Mine Mesaverde Formation water indicates dilution of
Mesaverde Formation water by surface recharge. Because observed surface waters in this region
are always lower in TDS than Mesaverde Formation water, surface recharge of wells predictably
makes the TDS lower than if only Mesaverde Formation water is present.
The results of the mixing calculations demonstrate that surface recharge is a large contributor to
the groundwater produced from SP-DW2. The closest match was obtained by mixing SP-SG12
water with Red Canyon Mine Mesaverde Formation water. This conclusion is consistent with
the expectation that surface recharge to SP-DW2 would not be directly from a surface water
source but rather from alluvial groundwater as represented by the spring at SP-SG12.
Comparing unique fingerprints of trace ions (e.g., boron, bromide) or isotopes in different water
sources is another approach to evaluating hydraulic connections between different water sources.
So far, very little water quality data have been collected with this purpose in mind; therefore, this
approach has not been used for purposes of this report.
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