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METRIC CONVERSIONS

Inch-pound units used in this report may be converted to metric units by the
following conversion factors:

Multiply inch-pound unit By To obtain metric unit

acre-foot (acre-ft) 0.001233 cubic hectometer

acre-foot per acre 3,048 cubic meter per hectare
(acre-ft/acre)

cubic foot per second 0.02832 cubic meter per second
(ft3/s)

foot (ft) 0.3048 meter

gallon per minute 0.06309 liter per second
(gal/min)

inch (in.) 25.4 millimeter

square mile (mi2) 2.590 square kilometer

ton (short, 2,000 1bs) 0.9072 metric ton

ton per day (ton/d) 0.9072 metric ton per day

ton per year 0.9072 metric ton per year



RECONNAISSANCE EVALUATION OF WATER RESOURCES FOR HYDRAULIC COAL MINING,

GRAND HOGBACK COAL FIELD, GARFIELD AND RIO BLANCO COUNTIES, COLORADO

By William M. Alley, Linda J. Britton, and Elaine L. Boyd

ABSTRACT

Surface-water and ground-water data were compiled for the parts of the Colo-
rado River and the White River basins in and adjacent to the Grand Hogback coal
field. The data were evaluated to assess the quantity and quality of water re-
sources available in the area for use in hydraulic coal mining.

Based on discharge records, surface-water supplies of most streams should be
adequate to meet the demands for hydraulic mining of 1 million tons of coal per
year with a recycled water system. However, on some of the smaller streams in the
area, some storage of water may be required for use during low-flow periods to
meet minimum-flow requirements for downstream reaches. Other potential sources of
water include Rifle Gap Reservoir, Harvey Gap Reservoir, and ground water from
valley-fill deposits along major streams and rivers.

The surface and ground water in the study area should be of adequate quality
for use in hydraulic mining, with the possible exceptions of suspended-sediment
concentrations that periodically may be as much as 18,800 milligrams per liter in
streams in the Rifle Creek drainage, and dissolved-solids concentrations that are
greater than 20,000 milligrams per liter in some aquifers. Data are insufficient
to assess the potential impact of hydraulic coal mining on downstream water
quality.

INTRODUCTION

Colorado has approximately 10 percent of the total estimated remaining coal
resources in the United States (Hornbaker and Holt, 1973). The coal deposits in
the State occur in diverse physiographic and structural environments, which may
require varying mining techniques. A particular technique that recently has come
into worldwide use is hydraulic mining, which may be used on the surface or under-
ground (Cooley, 1975). Hydraulic coal mining entails the use of water jets to
break the coal-bearing rock and to transport the coal out of the mine (Cooley,
1975). The development of this process in the United States has been primarily
directed to its use in underground coal mining, because surface mining is
restricted in many areas.



PURPOSE AND SCOPE

An area in Colorado designated by the U.S. Bureau of Mines as a potential
site for hydraulic coal mining is the Grand Hogback coal field, which extends
northwestward along the trend of coal-bearing rocks from near Glenwood Springs, to

near Rio Blanco, and then northward to Meeker (fig. 1). Proper consideration for
development of coal resources using hydraulic-mining techniques requires a
knowledge of the hydrologic conditions of the designated area. Recognizing this

need for hydrologic information, the U.S. Geological Survey, in August 1977, began
a reconnaissance evaluation of the water resources in the vicinity of the Grand
Hogback coal field.

The purpose of this report is to provide:

(1) A compilation and analysis of available data on the quantity and quality
of surface and ground water; and

(2) An evaluation of the water resources for potential use in hydraulic coal
mining.

PHYSICAL SETTING

Physicgraphy

The Grand Hogback study area includes parts of two major drainage basins.
The southern part of the study area 1is drained by the Colorado River and its
tributaries. The northern part is drained by the White River and its tributaries.
Land-surface altitudes range from about 5,000 ft in the Colorado River valley to
more than 9,000 ft on the Grand Hogback. Major physiographic features surrounding
the Grand Hogback 1include the White River Plateau to the east and the Piceance
basin to the west (fig. 1).

Geology

Geologic maps which include the study area  have been compiled by Tweto
(1975), and by Tweto, Moench, and Reed (1976). The Grand Hogback is a monoclinal
fold formed by steeply dipping beds of the Mesaverde Formation of Late Cretaceous
age (Hornbaker and Holt, 1973). Younger geologic units include the valley-fill
and terrace deposits of Quaternary age in river and stream valleys, and the varie-
gated claystones, siltstones, sandstones, and conglomerates of the Wasatch Forma-
tion of Tertiary age. The Wasatch Formation is exposed to the west and south of
the Grand Hogback.

Rocks exposed east and north of the Grand Hogback toward the White River Pla-
teau are generally older than the Mesaverde Formation. These include, from young-
est to oldest, the Mancos Shale and the Dakota Sandstone of C(retaceous age; the
Morrison Formation of Late Jurassic age, which is composed of variegated siltstone
and mudstone with beds of sandstone and limestone; the Entrada Sandstone of middle
Jurassic age; the Glen Canyon and Wingate Sandstones of Jurassic and Triassic age;
the Maroon Formation of Permian and Pennsylvanian age, which is composed of maroon
and grayish-red sandstone, conglomerate, and mudstone; and the Weber Sandstone of



















































WATER QUALITY

One of the concerns with hydraulic coal mining is that water needed for the
process may have restricted use because of inadequate quality. According to
Cooley (1975), water for hydraulic coal mining should contain less than
20,000 mg/L (milligrams per liter) suspended solids, because greater concen-
trations cause excessive wear of equipment. In addition, water used for mining
having relatively large concentrations of trace elements, such as iron or zinc,
could cause corrosion of equipment.

A final concern is the potential effect of mine drainage on downstream water
quality. Adverse changes in water quality have been documented from a hydraulic
coal-mining site (F. A. Packard and W. L. Haushild, written commun., 1977) and
these changes could be harmful to aquatic life (U.S. Environmental Protection

Agency, 1976).

Surface Water

The surface-water quality of the part of the study area in the Colorado River
basin is discussed separately from that of the part in the White River basin.
Locations of surface-water sites for water-quality analyses are shown on figure 8,
and the data are presented in tables 5 and 6. The site index numbers (for
example, CR-1 or WR-1) pertain to the particular drainage basin (Colorado River
basin or White River basin) where the sampling site is located.

Colorado River Basin

Streams in the Colorado River basin that drain the study area and adjacent
areas have dissolved-solids concentrations that have ranged from about 100 to
2,030 mg/L (tables 5 and 6). Mamm Creek at site CR-5 and the Colorado River at
Glenwood Springs (site CR-13 in table 6) had the largest concentrations of dis-
solved solids. The pH values shown in table 5 for streams in the Colorado River
basin ranged from neutral to slightly alkaline (7.0 to 8.1). The pH values shown
in table 6 for the Colorado River near Glenwood Springs ranged from 6.7 to 9.5.
The data show that dissolved manganese was as much as 1,600 pg/L (micrograms per
liter) in Rifle Gap Reservoir (site CR-9).

Additional unpublished water-quality data from 1958 to 1977 are available
from the Colorado Department of Health for the Colorado River at New Castle and

the Roaring Fork River at its mouth. Dissolved solids in the Colorado River at
New Castle have ranged from 128 to 830 mg/L and the maximum total-iron concentra-
tion was 5,500 pg/L. Dissolved solids in the Roaring Fork River have ranged from

99 to 520 mg/L, and the maximum total-iron concentration was 14,000 nug/L.
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Table 5.--Chemical quality of surface water

[CR=station in Colorado River basin; WR=station in White River basin]

SITE
NUMBER

FlG. 8

CR=-1

CR-2

CR-3

CR=4

CR-5

CR=6

CR=~7

CR-2

CR-9

CR-10

CR-11

SPF =
CIFIC SILICa. MAUNE =
COM~ OIS~ CacLClum S{UMe  SODIU B
pucr- SOLVED  U1S- OIS 015=-
TEMPER= ANCE BH (ML SULVED SULVED  SOLVED
TIME ATUHE (A [CHO=- aS (MG/L (Me/L (MG/L
DATE (heL €) MMOS) (UNITS) Stue) as Cay aS 4G6) aS 11a)
(00012)  (UUU9S)  (U040U)  (U0995)  (LU9LS)  (0uw29)  (LUv3V)

392544107401 200 = WEST ™MaMM CREEK (LAT 39 25 «e LONG 107 46 12)

AUG o 1969
2744 11e8 13.5 6e3 7.6 - 62 3i -
392604107402900 - £AST Mamm CREEK (LAT 39 26 04 LONG 197 4@ 29)
SEP ¢+ 1969
02400 150¢ 27.0 1460 8.1 c- Si 60 -

PQTAS~
SIumM,
vis-

SILVED

(MG/L

AS K)

(0U93y)

392818107495400 = BEAVER CREEK 448 MILES Sw OF RIFLE (LAT 39 28 18 LONG 107 49 5Ss)

MaR ¢ 1969
28400 - 1.0 350 7.8 19 45 11 15
SeP
20400 1209 10,0 2382 8.1 - 36 8.0 -~
392832107543000 - CaCHE CREEX (LAT 3% 28 32 LONG 107 S4 30)
AUG ¢ 1969
27400 1028 13.5 171 7.0 .- 21 4,5 -
392947107412200 -~ MaMM CREEK (LAT 39 29 47 LONG lu7 @) 22)
AUG » 1969
274en 1300 27.5 1820 7.7 - S: 3 .-
393337107242900 = SOUTH CANYON C AT MO NR GLENWOOD SPGSs CO (LAT 39 33 37 LONG
JUL ¢ 1972
17400 1410 29.0 2220 - - - - -
17cee 14l0 2940 2340 .0 - P . -

1.1

107 24 29)

393407107322600 = COLO RIVER AT NEw CASTLE (LAT 3% 3s 07 LCNG 107 32 26}

AUG » 1969
2640 1225 19.0 898 7.3 - 7 1s —

393622107243000 = yYNNAMED TRIA 1 TO CANYON CREZEK (LAT 39 36 22 LONG 107 24 30}

SEP 1974
il.:. 0915 10,0 265 7.9 6,3 24 7.8 17
J24en 0920 11.5 - T.8 - - <= -
3937361074%270U « RIFLE GAP RESERVOIR (LAY 39 37 36 LONG 107 4S5 27)
SEP » 1975
26.00 1~00 1640 750 8.4 - - - -
26,00 1621 16.0 Teu 843 1.2 95 39 22

1.9

393321107425900 = E RIFLE C AB URY AIFLE C N® RIFLE» CO (LAT 39 38 2) LONG 10U/ 42 59)

OCT » 197!
20,40 0910 8.0 -— - - - - -~
20.0e 0910 BeU 690 8.1 -—— - - -

39384410746470) ~ w RIFIE C 8B MIONDLE KIFILE € NR PIFLEs CO (LAT 39 38 46 LONG

JUL s 1972
03,40 1130 17.u 2050 - - - -— -
03... 1130 17.0 28U0 Bl o - - -
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ALKA=
LINITY,
TuraL
{MG/L
as
cacnldy
(VU4 10)

295

550

172
142

83

132

S3

169



Table 5.--Chemical quality of surface

water--Continued

SOLINSs  SOLINSe  HAWU= NTTRU=
CHLO= RESTOUE  SuM OF NESSe GENe CARBONY
AIPE SULFATE AT 1lu0 CIONS T L= DIS= NOZ2+nd  ORGANTIC  A=SENIC BORON~
ois- VIS~ DEG., € TUENTSe SOLVED 0ls= urs- Ula= 015«
SITE SOLVED SO VED bES=- 01S=- IMG/L SOLVED  SOLVED SULVED SOLVED
NUMBER (MG/L (MG/L SULVED SUL VED as (4G/7L [ ItV4 N (UG/L {VusL
ON DATE AS CL) AS <uw) (ML) (MG/7L) cacud) AS N) As C) AS AS) AS 3)
FIG. 8 (0094U)  (00ueS)  (70300) (/0301)  (VUYUU)  (Jub3l)  (L068L)  (Ul000)  (vlueh)
CR-1 J92544107461200 = WEST MamMm CPEEK (LAT 39 25 44 LONG 107 6 317}
AUG » 1969
27440 - - 369 -- 282 .- . - -
CR=-2 392604]107402900 = EAST ~AMM CREEK (LAT 39 26 04 LONG 107 «0 29)
SEP » 1969
02... .- Ll 1050 - 37s - - - -
CR-3 392818107495400 = BEAVER CREEK 6,8 MILES SW OF RIFLE (LAT 39 28 18 LONG 107 49 Ss)
MAR » 1969
28400 o5 17 218 212 158 - - P, 20
SEP
2060 - .- 149 - 12« —e - - -
CR-4 392832107543000 = CACHE CREEK (LAT 39 28 32 LONG 107 Se 30)
AUG ¢ 1969
27000 -w - 81 - 71 .o - - .-
CR-5 392947107412200 - MAMM CREEK (LAT 39 29 47 LONG 107 41 22)
AUG ¢ 1969
2Teee - - 1390 - S10 - .o -- -
CR=-6' 393337107242900 = SOUTH CANYON C AT MO NR GLENWOOD SPGSe CO (LAT 39 33 37 LONG 107 24 29)
JUL o 1972
Toeo - 110 - - - - - 1 -
17... - - - - - - - - -
CR=-7 393407107322600 = COLO RIVER AT NEW CASTLE (LAT 39 34 07 LONG 107 32 26)
AUG » 1969
260ee e - 53 - 235 - - - -
CR-8 393622107263000 =« UNNAMED TRIB 1 TO CANYON CREEK (LAT 39 36 22 LONG 107 24 30)
SEP o+ 1976
ll... 19 43 - 153 92 21 - - e
) -2 - - - - - - - kk] -
CR=9 393734107652700 - RIFLE GAP RESERVOIR (LAT 39 37 34 LONG 107 5 27)
SEP » 1975
FEIv - - . - - - - - -e
26400 5.9 250 -- S24 400 .04 5.0 - .-
CR-10 393821107425900 -~ € RIFLE C Ab ORY RIFLE C NR RIFLEs CO (LAT 39 38 21 LONG 107 42 59)
OCT » 1971
2Vaes - 110 -—- - - - - 0 -
2060 - - - -— -- - - .- -
CR=11 39386461076464700 ~ & RIFILE C A8 MIODLE RIFLE C NR RIFLEs CO (LAT 39 38 46 LONG 107 46 47)
JUL ¢ 1972
03ees .- 1to00 - - . P - 6 -
03eee .- - .- - .o -
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Table 5.--Chemical quality of surface water--Continued

MANGA=
IRON, LFahs AaNGa= NESE
CADMIuUM  COPOLRY IROH TOTAL LEAU Torac NESE s ToTaAL ZINCy
v1s- Vi<~ UlsS- RECOV= B2 KECOV= pIS- At COV=- OIS~
SITE SOLVED  SHLveD SOLVED  Exarlt SOLVED ERANLE SOLVED  ERASLE SOLVEY
NUMBER (UG/L UL (UG/L (U6/L (UL/L (1671 (uG/L (JG/L (UG/L
ON LAlE as Cw) AS CU) aS F*r) AS FE) AS P8 AS PH) as MY} AS MN} as zn)
FIG. 8 (0L1UZ2o)  (Cloevy  (0lus6)  (03045)  (01Us9)  (01051)  (ULUSLY  (UlUS5)  (V1090)
CR-1 392544107461200 - WEST MAMM CREEK (LAT 39 25 44 LING 107 46 12)
AUG » 1999
27¢en - - - - - - - - -
CR-2 392604107402900 - EAST MaMM CREEK (LAT 39 26 04 LONG 107 4u 29)
SEP + 1969
0lsss - - - - - - - - -
CR=-3 39¢818107495600 ~ BEAVER CREEK 4.8 MILES Sw OF RIFLE (LAT 39 28 18 LOUG 1u7 49 54)
MAR v 1969
LIRS - 10 20 - - - <lo - 20
SEP
204.. - - - - - - - - -
CR=-4 392R32107543000 = CACHE CREEK (LAT 39 28 32 LONG 107 5« 30)
AUG ¢ 1969
2700e -— - - - - - - - -
CR-5 3929471076412200 - MAMM CREEK (LAY 39 29 47 LONG 107 41 22)
AUG ¢+ 1969
P4 . - - - - - - - - -
CR=6 393337107242900 = SCUTH CANYUN C AT MO NR GLENWOOD SPGSs CO (LAT 39 33 37 LOG LaT 24 29
JUL s 1972
17404 2 30 - 1 - 0 - v
17¢0e - - - - - - - - -
CR-T 3934071073226u0 -~ COLG RIVER AT NEW CASTLE (LAT 39 34 07 {ONG 107 32 2o)
AUG v 1969
26eae - - - - - - - - -
CR-8 393622107243000 = UNNANED TRIAB |1 TO CANYON CREEK (LAY 3v 36 22 LO~NG 10/ 24 30)
SEP ¢ 1974
1levs -- - 30 - - - [ - -
1¢esas 7 229 660 - 1y -— (Y] P 280
CR-9 3937341074»2700 - RIFLE GAP RESERVOIKR (LAT 3% 3/ 34 LONG 107 45 27)
SEP 4 1975
204ee - - - - - - - - -
26e4, - - 20 -— -- - 20 - -—-
CR~10 3932110742590V ~ € RIFLE C aH DRY RIFLE C NR RIFLEs CO (LAY 39 38 21 LONG 107 42 59)
OCT 4 1971
2044, [ 1 10 . 0 - o
20... -- - - - - - 30 o L
CR~-11 3938406107464700 = w RIFLE C A3 oIODLE RIFLE C NR RIFLEs CO (LAT 39 38 46 LOMG 107 46 47)
JUL ¢ 1972
VUK 0 ° 1o - 1 - . -
U3.a, - - - - 200 - 20



Table 5.--Chemical quality

of surface water--Continued

SPE-
CIFIC S1LICa, MAGNE = POTAS= aALRA=
CON= OIS~ CaLCIum SIutte SODTIUIe SIUMs  LINITY,
puUCT- SOLVED DIS= 0IS- 33§33 01S- TuTaL
SITE TEMPER~- ANCE PH te/L SOLVED SOLVEDY  SOLVED SOLvED (MG/L
NUMBER TIME ATURE {MICRO- aS (MG/L {(MB/L (Mo/L (MG/L as
ON DATE (DEG C) HOS) (UN11S) sIv2) asS Cay AS n6) AS MNA) AS K} CaC0)
F1G. 8 (0CUlU)  (QUDYS)  (V04UL)  (0U9SS)  (BUYIS)  (QuYedd) (009301 (U0935) (D4l
CR-12 394058107391900 = W ELx €C AB W ELK RE NR MEW CASTLEs CO (LAT 39 40 58 {ONL 107 39 19)
ocT » 1971
20,0 1005 3.5 -- - - - - - - -
20,0 1005 3.5 1000 8,1 - - - -- - -
WR=1 394340107561800 = PICRANCE CREEK AT RIO BLANCO C4=94=-038CUC (LAY 39 43 46 LO1IG 107 56 18}
JUL ¢ 1973
2T4ee 1430 20,0 681 7.9 15 o7 27 45 2.9 er3
WR-2 394358107563800 - PICEANCE CREEK AT H¥Y 13 BRIUGE (LAT 39 43 S8 LONG 1u7 56 38)
MAR s 1975
0leee 0830 o0 8lo 6.7 14 82 27 sS 2.1 309
WR-3 394529107534700 - PICEANCE € NR SOUKCE NR RIO BLANCOs CO (LAY 39 45 29 LOnG 17 53 47)
JUN » 1972
22,40 1230 1849 920 - - - - - - -
22400 1230 18,0 900 8,0 - - - - - -
WR-4 09304200 - wHITE RIVER ASOVE COAL CREEKs NEAR MEEXKERe CO. (LAT 40 00 18 LONG 107 49 29
AUG + 1973
3040 0750 10,5 424 a,1 18 62 1e S.v 1,2 128
NOV
14a0s 1530 4.5 378 B.8 lo S8 11 4ot 1.2 113
FEB ¢+ 1974
1640 0905 o0 418 7.9 18 65 12 3.9 1.0 115
MAY
30,0 1045 7.0 191 Te9 9.8 2s 6.4 3.1 9 76
SEP
2340 1030 8.0 4ate 8.3 16 60 13 5.0 1.3 121
NOV
1l... 1500 S.0 390 8,4 16 S5 11 442 1.1 111
s] X
19, 0910 .0 - 8,8 L7 60 11 4.2 1.8 111
MAR ¢ 1975
17404 1100 2.0 400 -- 16 62 11l 6.1 1.1 114
APR
14,4, 1000 4,0 380 - - - - - - --
MaY
CBusa i63n S0 380 - - - -— - - -
20ens 1500 iv.0 22¢ - - - - - - -
JUN
09,00 0945 6.0 200 8.3 10 33 643 2.7 1.1 85
WR-5 09306509 = WHRITE RIVER NEAR MEFEKERs CO. (LAT 40 02 01 LONG 107 51 42)
DEC ¢ 1970
1S e 1040 0 135 7.8 14 16 3.3 7.2 1.7 66
AUG v 1973 -
30,40 0830 11.0 174 8e2 18 71 15 21 1.5 145
WOV
14400 1610 “,5 486 8.8 16 63 12 1s l.a 122
FEB ¢ 1974
14een 0940 o) 569 79 4.4 70 15 25 1.5 1217
MAY
30,00 1130 8.0 207 7.9 10 29 6,3 3.8 1ol Y]
SEP
23,00 1100 10,0 5717 Bed 12 13 17 23 2,0 144
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SITE
NUMBER

FI1G. 8

CR-12

WR-1

WR=2

WR-3

WR=4

WR-5

394340107561800 -

Table 5.-=Chemical

cHLO~
RIDE
Dls-
SOLVED
(MG/L
aS CL)
(0Uv4v)

DATE

3940581073919v0 -

OCT
20eve
2Ueus

1971

Jut e 1973

21404 S.1
3964358107563600

MAR
0lees

1975
6.1

394529107534700 =~

JUN
2240,
22444

1972

09304200 - WHITE RIVER AHOVE COAL CREEKS

AUG v
30,4,
Nov
laoa,
FEB
l4ess
MAY
30,44,
SEP
2344
NOV
1lee.
DEC
19.0.
MAR o
17...
APH
lases
MAY
UBaas
Plaes
JUN
094as

1973

1974

1975

SULFATE
0ls=
SOLVED
{Me/L
AS SU%)
(00949)

quality of surface water--Continued

SOL INSs
RISTLnIE
AT L1&0
e, C
01s=~
SOLVED
(MG/L)
(Tvivw)

SALINS,
Sy OF
CUNSTT =~
TUENTS
UIS=-
SULLVED
(MG/L)
(fu3ol)

W ELx C AB v ELX RE NR NEw

370

100

-

PICEANCE CREEK AT RIO 3LAaNCU

43y

HARD= NITrO=-
NESSs GEMs
015= NO2eNO3
SOLVED NIs=
(MG/L SOLVED
AS (MG/L
CaC0d) AS N)
(JOv00) (00631)
CASTLEs CO (LAT 39

C4=94=~-038COC

280

= PICEANCE CHREEX AY HWY 13 BRIUGE

100

PICEANCE C NR SOURCE

250

100
a3
96
19
B0
79
RS

91

23

473

218
246
269
lle
251
236
250

259

130

320

NR RIO BLANCOs

200
190

21v

200

110

09304500 ~ wHITE KIVER NEAR MEEKERSs CU

119
99
120
2e
110

92
349
305
340
124

353

25

54

2iv

260

9y

250

NEAR MEEKERSY

CanBRONe
ORGaMIC
01s-
SOL VED
(MG
AS ©)
(uobsL)

ArSENTC BORON
vis- nIs-
SULVED SOLVFD
(uG/L (uG/L
A AS) AS B)
(vioovm tulvzu)

40 S8 LONG 107 39 19
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SITE
NUMBER

F1G.

CR-12
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5.--Chemical quality of surface water--Continued
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Table 6.--Summary of water-quality data, Colovado River near
Glenwood Springs (CR-13), October 1941 to February 1978

[umho/cm=micromho per centimeter; mg/L=milligram per liter;
ug/L=microgram per liter]

- . Standard Number
Parameter Minimum  Maximum Mean deviation of
samples
Temperature (°C)-==---==-==--=--=- 0.0 19.5 7.8 6.12 133
Specific conductance (umho/cm)---- 180 2,260 620 2.24x102 9L4
Dissolved oxygen (mg/L)-===-=====-= 7.0 12.5 9.7 1.45 81
PH== === m e e e e m e 6.7 9.5  mmmmem mmemmmeee 723
Silica (mg/L)=======-="m=mmmoem - .1 17 11 2.05 663
Calcium (mg/L)---===-=-====mommmmn 20 560 56 2.53x10 747
Magnesium (mg/L)--=-=====-mmmmu-uo L1 73 12 L. 4o 746
Sodium (mg/L)-======--=mmmmcmnna- .5 150 56 2.70x10 749
Potassium (mg/L)--~===-=======a=== .2 34 2.7 2.28 435
Bicarbonate (mg/L)-==========c===- 66 240 130 2.24x10 827
Alkalinity (mg/L)=-====-=-==m=u-uo 54 200 100 1.86x10 761
Chloride (mg/L)======m==c=c=czm-m- 1.0 200 75 3.98x10 807
Sulfate (mg/L)=-======-=-me=emmaa—- 9.5 1,300 93 6.09x10 807
Dissolved solids (residue, mg/L)-- 110 2,030 377 1.45%x102 796
Dissolved solids (sum, mg/L)------ 120 791 359 1.29%x10% 154
Hardness (mg/L)-===m===m=mmmemamax 34 1,480 188 7.10%10 881
Nitrate (dissolved as N, mg/L)---- .00 .59 .17 .10 55
Orthophosphorus (dissolved as P,
Mg/L)=======mmmmmm oo .00 .1 .01 .02 80
Total iron (ug/L)===========ne-mm- .00 540 Lo .65x10 85
Dissolved manganese (ug/L)-=--=--- .00 120 30 53%x10 70
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Suspended-sediment data for selected sites are shown in table 7. No recent
sediment records are available for the Colorado River and its tributaries in the
study area. However, recent sediment records are available (table 7) from two
sites downstream from the study area: Colorado River near DeBeque and Parachute
Creek at Grand Valley. Data from these two sites indicate that, despite the large
amount of sediment contributed by Parachute Creek to the Colorado River, the
maximum concentration of suspended sediment in the Colorado River at DeBeque was
much less than the maximum concentration (20,000 mg/L) that water supplies used
for hydraulic coal mining should contain (Cooley, 1975). The maximum suspended-
sediment concentration at sites within the study area was 18,800 mg/L at West
Rifle Creek near Rifle (site CR-11).

Overall, the data indicate that, with the possible exception of some
suspended-sediment and iron concentrations, the surface water is of suitable
quality for use in hydraulic coal mining.

White River Basin

Streams in the White River basin that drain the study area and adjacent areas
generally contain less than 500 mg/L dissolved solids (table 5). The maximum
dissolved-iron concentration was 380 ug/L (site WR-4), and the maximum dissolved-
manganese concentration was 100 pug/L (site WR-2). The pH ranged from near neutral

to slightly alkaline (6.7 to 8.8). Few suspended-sediment data are available
(table 7). Maximum suspended-sediment concentrations ranged from 45 to
1,880 mg/L.

The available water-quality and sediment data indicate that surface water in
the northern part of the study area 1is of suitable quality for hydraulic mining.
However, because of the paucity of available information, additional data are
needed to verify this preliminary evaluation.

Effects of Coal Mining on Downstream Water Quality

According to a report by F. A. Packard and W. L. Haushild (written commun.,
1977), water used in hydraulic coal-mining processes may adversely affect down-
stream water quality. Based on a borehole hydraulic-mining test, they noted in-
creases in pH, dissolved solids, suspended sediment, dissolved cadmium, total
iron, and water temperature in mine-drainage effluent after hydraulic mining.

Several active and inactive coal mines are near the mouth of West Rifle Creek
in the study area. From chemical analyses of samples upstream and downstream from
these mines (lorns and others, 1964), there appears to be no degradation in
stream-water quality downstream from these mines. However, these data were
collected between 1940 and 1958, and contain no record of the mine activity or the
quality of the mine effluent. Because of the paucity of data on drainage from
underground coal mines in the Grand Hogback area, and because the coals in other
parts of Colorado are of a low-sulfur type similar to those in the Grand Hogback
area, coal-drainage sites elsewhere in Colorado are used here to indicate possible
changes in stream quality resulting from mining in the study area.
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In a resource evaluation of the Axial Basin coal field, between Meeker and
Craig, Colo., the U.S. Bureau of Land Management (1975) concluded that underground
mining in the area has resulted in few instances of degradation of stream quality
from coal-mine drainage.

Surface and subsurface coal-mine drainage discharges from the Edna Mine near
Oak Creek, Colo., into Trout Creek (McWhorter and others, 1974). Chemical
analyses of samples collected upstream and downstream from the point of mine
discharge into Trout Creek indicated increases in specific conductance downstream
from the mine. According to McWhorter, Skogerboe, and Skogerboe (1974), some
evidence indicates that similar degradation occurs or may occur in other coal-
mining areas. Chemical changes in stream quality, especially increases in
calcium, magnesium, and sulfate concentrations, have been widely reported from
spoils produced from overburden materials of Late Cretaceous and early Tertiary
age (McWhorter and others, 1974).

Other areas affected by coal-mine drainage are the Thompson Creek and Coal
Creek drainages in Pitkin County, Colo. (U.S. Geological Survey, 1978). Increases
in magnesium, sodium, sulfate, and suspended and dissolved solids in streams down-
stream from the mine discharges may be as much as 10 times the concentrations
upstream from the mines. In some instances, part of the water-quality change also
may be due to natural runoff conditions.

In conclusion, data are inadequate to assess the potential effects of
hydraulic coal mining on downstream water quality. The above data indicate that
changes in pH, water temperature, suspended-sediment, dissolved-solids, and trace-
element concentrations may occur as a result of mine drainage.

Ground Water

Because ground-water supplies in the vicinity of the Grand Hogback are poorly
known and undeveloped, ground-water-quality data are few (fig. 8). Available
water-quality data are summarized in table 8 for each aquifer for samples
collected from 1965 through 1976. Because the geologic source was not indicated
for all data, aquifers were determined using geologic maps, well permits from the
Colorado State Engineer's Office, and water levels for wells in the vicinity of
the sampling sites.

The ground-water quality varies greatly throughout the study area. Dissolved
solids ranged from 391 mg/L in the Weber Sandstone and Maroon Formation to
19,900 mg/L in the Chaffee Group. Specific conductance of water in the valley-
fill aquifer in the vicinity of Rifle ranged from 500 to 5,480 umho/cm (micromhos
per centimeter) at 25°C (Celsius), with most values ranging from 500 to
702 umho/cm.

Water in the Wasatch, Mesaverde, Morrison, Weber, and Maroon aquifers all had
dissolved-solids concentrations of less than 1,000 mg/L. Water samples from the
Lower Pennsylvanian, Leadville, and Chaffee aquifers were collected from springs
in the Glenwood Springs area. Dissolved~solids concentrations in these samples
ranged from 17,600 to 21,500 mg/L.
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East of Meeker, dissolved-solids concentrations in samples from the Mancos
Shale ranged from 17,400 to 21,800 mg/L. According to Boettcher (1972), water
from the Mancos Shale is mineralized and 1is not generally considered to be
potable. Dissolved-solids concentrations in samples from the Dakota Sandstone
east of Meeker ranged from 982 to 17,500 mg/L, although water from the Dakota
Sandstone generally contained less than 3,000 mg/L dissolved solids (Boettcher,
1972). The larger values shown in table 8 may be the result of numerous saline
seeps in the vicinity of the Meeker Dome reported by the U.S. Environmental
Protection Agency (1972). Here, naturally occurring saline ground water with a
specific conductance of 36,000 umho/cm is under sufficient head to force it to the
surface through natural fractures. This saline water could cause corrosion of
equipment used in hydraulic coal mining.

Investigation of the Entrada, Wingate, and Glen Canyon Sandstones in the
vicinity of the Grand Hogback may result in the location of aquifers containing
water suitable for hydraulic mining. Although no water-quality data were
available in the study area from wells completed in the Entrada and Glen Canyon
Sandstones, water from wells completed in these sandstones in Moffat County
contained dissolved-solids concentrations ranging from 300 to 370 mg/L (Boettcher,
1972). The principal ions were sodium and bicarbonate, resulting in a soft water.

SUMMARY

In general, surface-water supplies from most streams should be adequate to
meet the annual demands for hydraulic mining of 1 million tons of coal. However,
on some of the smaller streams in the area, some storage of water may be required
for use during low-flow periods to meet minimum-flow requirements for downstream
reaches. Rifle Gap Reservoir and Harvey Gap Reservoir are potential sources of
surface water in the Rifle-Silt area. Ground water from the valley-fill deposits
along major streams and rivers 1is a potential source of water for hydraulic
mining.

Available data on surface-water quality in the study area indicate that this
water is suitable for use in hydraulic mining, with the exceptions of large
suspended-sediment and iron concentrations in some flows in the southern part of
the study area. Large dissolved-solids concentrations in ground water from
aquifers in the vicinity of the Meeker Dome may make the water unsuitable for use
in hydraulic mining of coal. Data are insufficient to assess the potential impact
of hydraulic coal mining on downstream water quality.

31



4 4 4 [4 4 4 [4 4 4 [4 z [4 4 4 ---(sa|dues
40 29quny
--- 082 08 ----  002‘6Z 00Z‘Q 009°‘6! 0566 009‘z 02T 0/2 €S 009y 00§  ------ ueay
--= 0SS otr '8 00Z°Z€ 00S‘6  008°1lZ 0002t 001‘¢  0[z Off 09 00L°‘s 064 -=--wnwixey
- 38 09 8L 001°9Z  000°‘€  004°L1 006°L ooL‘z olL otz 9% 00Z‘4 00z ——cWNWEU Y
3TVHS SOINYW :h ¥341N0V
! ! ! | t | 1 ! 1 1 1 1 1 1 ---S@|dues
30 J3quny
——- [y -—— cmes mmmeee smmee seeees | meemeeee ememee- -—— -—— ————- ————— ————— m——e--uE3Y
005 0% 0 S°L 00h‘1 oLg 068 1°9 0£2 05 049 6°C 08l 1S - -WNW I X B}
005 0% 0 S/ 00%‘tL 0L€ 068 1°9 0£2 0€S  0%9 6°2 08! 1S ———wnWiY Y
NOT1YWY0d4 3QU3IAVSIW :E ¥3I4iN0Y
! ! S S S l l | ! S S l l ! ---so|dues
40 J43qunN
=== ===-- 09 ----  0l6‘t --mme esmeees —--e- == mme-mee- 0/h 08§  mmmme emmen memee e ueay
0t 01> oL 8°L 058°z 065 006 LE ohe 029 0SL 672 99 8s ——-wnui | Xey
0z ol> o> €7/ ozz'l 065 006 Lg ohe 0z 06 6°7 99 89 WU
NO1LYWY04 HILYSYM :Z ¥3JIN0V °
1 l z 8 6 6 @ ------ L L z ot 1 1 6 ---so|dues
40 Jaquny
e 0y ----  080°l 99 131 99 o€z  0£€  ----- ———-- 67  mm---- ueay
0gz o! o4 6L 0gh*s 08¢ 1t 08! 0l 0ty y°L 88 oY ---wnuixey
0gz Ot o€ 0L 005 9  ===--- 0°2 e ;gL 02z 4°l 88 g1 ———wnWIULK
1714 A3TVA i1 H3A4INOY
~ S 83~ 2 % ~89 b — == & = A 3¢ —B
ENW T30 T =W =30 3 = 3 0w 3 = 3 — ~K o0 3 ot 0 o 3 0
0O - VOuv Vv 3 a0 v o 0 —wn o o Qa -h 3 o 3 0 0 o N v 3
~3 0 ~Nm 0 ~0O0 T C - ~N 3 ~. =+ 0O ~N ~N o n — un = R ~ c ~ 0
ro=—~ rr3— r3 = o0 - o - o= — = e N~ ST Ce ~3 e
~ 5 788 T & asa T4 e s ~& o 2 £ c z l9jsuwe.ey
o o Qo (=9 3 3 o o+ o 3 3
~ 0 ~ ot
o o
[4231] +4od weabouadjuw=1/6M" fa932w)Iuad 29d ,0ywoad jw=wosoywr ¢a23)| 43d weaby||w=1/6w]

do3pm punoab fo A311omb powey)--'g °9|qeL

32



‘uoyiedo| Bupads Jdo ||oM Juauoyyip e wody sy d|dwes yoel;

ot
ot

0z
02

o¢
o€
0?

08
06
09

0l
0L

08
001
0s

o4
0S5

00t‘1
0012
0z

00z
00%
ot1

001
oge
0¢

01
01

Oh
0l
0¢

091
0gs
o¢

£°9
£°9

$°8
£'9

1°L
1L

9°L
€l

g0l
€L

000°S¢
000°9¢
000*S¢€

000°1¢
000°1¢

00£°1LE
008‘9¢
00092

00§
005

008°11t
00092
0651

INOLSANYS Y10MVa

B EER

¢ £ £ £ € ¢
005°1  o00l‘gl 000401 000t 009 Off
005‘L 0066l 006‘6 0001 019 0S¢
005‘L  008‘/1L 000°11 000‘T 085 oOLL
dnoY9 3344VHD 01 ¥3LINdY
1 1 1 1 t 1
004‘L  009°L1 0096 086 009 o#l
00%‘L  009°/1 009°6 086 009 o4l
INOLSIWIT ITTIAGYIT 6 YIS INOV
g S S S £ S
008‘L  000°0¢ 00001 00S‘t 029 0/9
005‘7  005°1Z 000“11L 00Z‘c  0Hh9 08l
00€‘L  000‘gl 0096 001t 019 04
397 NVINVATASNNIL ATYVI 40 SHI0¥  :8 ¥3I4IN0V
1 l l 1 l l
052 06€ Ll 08 oz  00¢
052 06¢ 1l 08 owz  00¢
NO1L1VYWY0d NOOWYW GNV 3INOLSANVS ¥383IM  :/ ¥3IJINOV
——--- 4 4 z z
=== 08¢ 061 oLl oz 00¢
----- 06/ 061 oLl 05¢  00¢
----- 09¢ 061 001 oz 062
NO1LVWYO04 NOSIYYOW :9 43I4IN0V
: h Y h i h
00L‘t 0gfn‘g 009°¢ 009‘L 09¢ 082
00£‘7  005°/1L 006°L 000‘¢C 009 0%l
08y 086 061 0°L 09t ©

£

0l1
0Lt
091

091
091

oLl
08t
€1

0 N O
.
~o00 o

le
91

£

0079
0089
0019

0009
0009

0069
00Z ‘L
00£‘9

A
Lt

0/t
082
09¢

00tz
009°S
0g!

£

06
06
08

88
88

0ci
041
o%

0?
0C

N O o
.

oLt
09l
0°2

---sa|dues
40 J9qunp

—me---uRdy
——-unwixey
—e-WNWiU Y

---(Sadues
30 Jdaqunp

—e——--uedy
-—-uwnw}xey
——-wnuiuly

-=-159{dues
JO Jaquny

——----uedy
———WNWiXey
——WNWIULW

---ySa|dwes
JO Jaquny

——----uedy
- -wnwixey
———wnuiU K

---1S@|duwes
40 Ja2quny

N 1TV
———wnu I Xey
———wnWiu gy

---ysa|dues
30 Jagqunp

—em-—-uE3Y
- - WU X B
—ewnuiulpY

33



REFERENCES

Boettcher, A. J., 1972, Ground-water occurrence in northern and central parts of
western Colorado: Colorado Water Conservation Board Water-Resources Cir-
cular 15, 25 p.

Cooley, W. C., 1975, Survey of underground hydraulic coal mining technology: U.S.
Bureau of Mines Contract Report H0242031, v. 1, 121 p.

Hornbaker, A. L., and Holt, R. D., 1973, 1972 Summary of coal resources in
Colorado: Colorado Geological Survey Special Publication 3, 15 p.

lorns, W. V., Hembree, C. H., and Oakland, G. L., 1965, Water resources of the
Upper Colorado River Basin--Technical report: U.S. Geological Survey
Professional Paper L41, 370 p.

lorns, W. V., Hembree, C. H., Phoenix, D. A., and Oakland, G. L., 1964, Water
resources of the Upper Colorado River Basin--Basic data: U.S. Geological
Survey Professional Paper 442, 1036 p.

Landis, E. R., 1959, C(Coal resources of Colorado: U.S. Geological Survey Bulle-
tin 1072-C, p. 131-232.

McWhorter, D. B., Skogerboe, R. K., and Skogerboe, G. V., 1974, Potential of mine
and mill spoils for water quality degradation, <Zn Hadley, R. F., and Snow,
D. T., eds., Water resources problems related to mining: American Water
Resources Association, Proceedings no. 18, p. 123-137.

Riggs, H. C., 1972, Low-flow investigations: U.S. Geological Survey Techniques of
Water-Resources Investigations, book 4, chap. B1, 18 p.

Tweto, Ogden, 1975, Preliminary geologic map of the Craig 1°x2° quadrangle,
-northwestern Colorado: U.S. Geological Survey Miscellaneous Field Studies
Map MF~666, 1 sheet.

Tweto, Ogden, Moench, R. H., and Reed, J. C., Jr., 1976, Preliminary geologic map
of the Leadville 1°x2° quadrangle, northeastern Colorado: U.S. Geological
Survey Miscellaneous Field Studies Map MF-760, 1 sheet.

U.S. Bureau of Land Management, 1975, Resource and potential reclamation evalua-
tion--Taylor Creek study site, Axial Basin coal field: Energy Mineral Reha-
bilitation Inventory and Analysis Report 3, 186 p.

U.S. Environmental Protection Agency, 1972, The Meeker well and other phenomena in
the vicinity of the Meeker Dome, Rio Blanco County, Colorado--A summary
report on the feasibility of control of seepage of saline water: Technical
Support Branch, Surveillance Analysis Division, Region VIII, 40 p.

1976 [1977]1, Quality criteria for water: Washington, D.C., U.S. Government
Printing Office, 256 p.

U.S.  Geological Survey, 1954, Compilation of records of surface waters of the
United States through September 1950--Part 9, Colorado River basin: U.S.
Geological Survey Water-Supply Paper 1313, 749 p.

1964, Compilation of records of surface waters of the United States, October
1950 to September 1960--Part 9, Colorado River basin: U.S. Geological Survey
Water-Supply Paper 1733, 586 p.

1961-74, Water resources data for Colorado--Part 1, Surface water records:
Lakewood, Colo., annual State reports for water years 1961 through 1974,
1975, Water resources data for Colorado, water year 1975--Volume 2, Colorado
River basin: U.S. Geological Survey Water-Data Report (0-75~2; available
only from U.S. Department of Commerce, National Technical Information Serv-
ice, Springfield, VA 22151, as report PB 274 623, 704 p.

34



1976, Water resources data for Colorado, water year 1976--Volume 2, Colorado

River basin: U.S. Geological Survey Water-Data Report C(C0-76-2; available
only from U.S. Department of Commerce, National Technical Information Serv-
ice, Springfield, VA 22151, as report PB 278 780, 557 p.

1978, Water resources data for Colorado, water year 1977--Volume 2, Colorado

u.

S.

River basin in Colorado above the Dolores River: U.S. Geological Survey
Water-Data Report C0-77-2 [in press]; will be available only from U.S. De-
partment of Commerce, National Technical Information Service, Springfield, VA
22151.

Weather Bureau, 1967, Normal annual precipitation--1931-1960: Colorado Water
Conservation Board map.

35



SYSTEM OF NUMBERING WELLS

The well locations in this report are given numbers based on the U.S. Bureau
of Land Management system of land subdivision, and show the location of the well
by quadrant, township, range, section, and position within the section. A graphic
illustration of this method of well location is shown in figure 9. The first
letter ''S'" of the location number indicates that the well is located in the area
governed by the sixth principal meridian. The second letter ''C'' indicates the
quadrant in which the well is located. Four quadrants are formed by the inter-
section of the baseline and the principal meridian: A indicates the northeast
quadrant; B, the northwest; C, the southwest; and D, the southeast. The first
number indicates the township; the second, the range; and the third, the section
in which the well is located. The letters following the section number indicate
the location of the well within the section. The first letter denotes the quarter
section; the second, the quarter-quarter section; and the third, the quarter-
quarter=-quarter section. The letters are assigned within the section in a
counterclockwise direction, beginning with A in the northeast quarter. Letters
are assigned within each quarter section and within each quarter-quarter section
in the same manner. For example, SC6-93-16CDB indicates a well in NWESEZSWE
sec. 16, T. 6 S., R. 93 W.
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nd well-numbering

Figure 9.--Well-location a
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