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GLOSSARY )

Terms defined in the GLOSSARY are underscored when first used in the
report.

alluvium.--Clay, silt, sand, gravel and larger rocks deposited by flowing water
in recent geologic time, usually in the valleys of rivers.

aquifer.--A geologic formation, group of formations, or part of a formation
that transmits water readily and can supply wells or springs; may be
regarded as an underground reservoir.

artesian condition.--The condition in which water in an aquifer overlain and
confined by a relatively impermeable zone rises under pressure in a well
or test hole that penetrates into the aquifer. Such a well is called an
artesian well. If the water level in an artesian well stands above land
surface, the well is a flowing artesian well.

drawdown, s.--The difference between (1) the water level in a well at a
specific time after pumping has begun; and (2) the original water level in
the well prior to pumping.

head.--The height above a standard reference point of the surface of a column
of water (as in a well).

hydraulic conductivity, K.--The rate at which /water flows through a unit area
of aquifer measured at right angles to the direction of flow, under a unit
hydraulic gradient.

hydraulic gradient.--The change in head per unit of distance in a given
direction. :

lithology.--The description of rocks on the basis of such characteristics
as color, mineralogical composition, and grain size.

potentiometric surface.--An imaginary surface connecting points to which water
would rise in wells that penetrate a given aquifer. When artesian condi-
tions do not exist, the potentiometric surface is the same as the water
table.

sodium adsorption ratio(SAR).--A measure of the ratio of sodium ions in a
water sample to total cations in the sample.

(Na+) ’

‘/ (ca*®)+igt?)
2

where ion concentrations are expressed in milliequivalents per liter.

specific capacity.--The rate of discharge of water from a well divided by the
drawdown of water level within the well; dependent on the time the well
has been discharging.

specific electrical conductance.--A measure of the ability of a water to
conduct an electrical current, herein referred to simply as "specific
conductance." Specific-conductance values provide a measure of the
dissolved mineral concentration in water, because chemically pure water
itself has a very low specific conductance. Commonly, the concentration
of dissolved solids (in milligrams per liter or parts per million) is
about 65 percent of the specific conductance (in micromhos per centimeter
at 25°C). However, this relation is not| constant, and depends upon the
kinds and relative concentrations of dissolved minerals in the water.

SAR =
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GLOSSARY--Continued

specific yield, Sy.--The ratio of (1) the volume of water a saturated material

will yield by gravity drainage; to (2) the volume of material drained.
This ratio is expressed as a decimal fraction or as a percentage.

storage coefficient, S.--The volume of water an artesian aquifer releases from
or takes into storage per unit surface area of the aquifer per unit change
in head. When artesian conditions are not present, storage coefficient is

equal to specific yield.

transmissivity, T.--The rate at which water flows through a section of aquifer
whose height is the saturated thickness of the aquifer and whose width is

unity, under a unit hydraulic gradient.

Transmissivity is equal to

horizontal hydraulic conductivity multiplied by the saturated thickness of

the aquifer.

CONVERSION FACTORS

Inch-pound units used in this report may be converted to SI (Inter-
national System of Units) by use of the following factors:

Multiply inch-pound unit By
acre-foot (acre-ft) 1,233
foot (ft) 0
foot per day (ft/d) 0
foot per mile 0
foot squared per day (ft2/d) 0
gallon per minute (gal/min) 0
gallon per minute per foot 0
[(gal/min)/ft]
inch (in.) 25.
micromho per centimeter 1
at 25° Celsius (pmho)
mile (mi) 1.
square mile (mi?) 2.

.3048
.3048
.1894
.09290
.06308
.2070

40

.000

609
590

To obtain SI unit

cubic meter

meter

meter per day

meter per kilometer

meter squared per day
liter per second

liter per second per meter

millimeter (mm)

microsiemen per centimeter
at 25° Celsius

kilometer (km)

square kilometer

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum
derived from a general adjustment of the first-order level nets of both the
United States and Canada, formerly called mean sea level.

vii



PRELIMINARY ASSESSMENT OF THE GROUND-WATER RESOURCES OF THE
ALLUVIAL AQUIFER, WHITE RIVER VALLEY, RIO BLANCO COUNTY, COLORADO

By William P. Van Liew and Marc L. Gesink

ABSTRACT

Ground water from the alluvium of the White River valley supplies munici-
pal, industrial, domestic, and agricultural needs in northwestern Colorado.
Development of the extensive energy resources in the White River basin will
require additional water for associated industrial and municipal supplies.

A preliminary study of the alluvial aquifer in the White River valley in Rio
Blanco County, Colorado was conducted to assess the aquifer's extent and the
occurrence, availability, and chemical quality of water in the aquifer.

The alluvial aquifer in the study area underlies 35 square miles. Aqui-
fer width ranges from about 0.1 mile at several locations in the western part
of the study area to about 1.5 miles in Agency Park and Powell Park and aver-
ages 0.5 mile. Saturated thickness ranges from zero along the valley sides at
several locations to more than 140 feet in Agency Park and averages 22 feet.

In the eastern part of the study area, the alluvium consists predomi-
nantly of coarse sand and gravel alternating with thin layers of clay, silt,
and sand. To the west, the alluvium consists of fine-grained sediments from
land surface to several feet in depth, underlain by coarse sand and gravel
containing interstitial fine-grained material. West of the Grand Hogback,
fine-grained alluvium overlying the sand and gravel aquifer forms a semi-
confining layer that causes the aquifer to be under artesian conditions in
many places.

Yields of domestic and stock wells in the study area usually are less
than 25 gallons per minute. Relatively expensive and efficient wells exist
at two sites in the study area. At the Meeker municipal well field in Agency
Park, wells reportedly could yield more than 1,000 gallons per minute each.
At the Deserado coal-mine site near Rangely, wells were designed to allow a
sustained yield of 130 to 145 gallons per minute each.

Based on the results of nine aquifer tests, transmissivity of the allu-
vial aquifer ranges from about 860 to about 93,000 feet squared per day, and
hydraulic conductivity ranges from about 70 to about 1,550 feet per day.
Transmissivity and hydraulic conductivity are greatest in Agency Park and
least in western parts of the study area.

The estimated total volume of water in storage in the alluvial aquifer in
the study area is 103,000 acre-feet. Southeast of Meeker, about 40,000 acre-
feet of water are in storage in the alluvial aquifer.

Ground water in the eastern part of the study area is a calcium bicar-
bonate type; to the west, the ground water is a sodium sulfate type. Water
in the alluvial aquifer is classified as very hard throughout the study area.
West of Piceance Creek, water-quality standards for public-water supplies are
exceeded for dissolved solids and sulfate. In the same area, large sodium-
adsorption ratios combine with large dissolved-solids concentrations to make



the ground water unfit for irrigation purposes
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water by seepage from irrigation ditches that cross the mesa. The availabili-
ty, quality, and seasonal variability of the water contained in these terrace
deposits were not investigated during this study.

Saline seepage from deep wells on the Meeker dome may have degraded water
quality at depth in the alluvium nearby. However, the well at site 28, at the
edge of the dome but south of the White River, which is 5 ft deep, yielded
water with a specific conductance of 440 pmho. About 0.5 mi west, near the
southwest edge of the dome, water from site 29, a 20-ft deep domestic well, had
a specific conductance of 925 pmho. Therefore, the effect of saline seepage
from deep wells on the Meeker dome probably is limited to the immediate vicini-
ty of the dome.

Little is known about water quality in the alluvial aquifer near Meeker
because town residents get their water from the municipal wells located 5 mi to
the southeast rather than from local wells. West of Meeker, the White River
flows over the Mesaverde Group at the Grand Hogback. Wells that penetrate the
alluvium overlying the Mesaverde Group yield water of highly variable quality.
Wells sampled on the valley flat relatively near the river yielded water with
specific conductance ranging from 580 to 800 pmho. However, wells located on
alluvial fans emanating from rocks of the Mesaverde Group can yield very
mineralized water. For example, well water from site 41 (pl. 5 and table 7)
had a specific conductance of 2,580 pmho.

The specific conductance of water samples from the alluvial aquifer in
Powell Park ranged from 640 to 2,200 umho. The water was less mineralized in
the eastern part of Powell Park and became more mineralized in the vicinity of
and west of the confluence of the White River and Strawberry Creek (pl. 5 and
table 7). Again, wells near the White River yielded water with relatively
small values of specific conductance, as evidenced by the well at site 75
(pl. 5 and table 7), which yielded water with specific conductance of 640 pmho.

Specific-conductance data are sparse between Powell Park and the con-
fluence of the White River and Piceance Creek, where the valley is underlain by
the Green River Formation. Specific conductance of well water sampled ranged
from 680 pmho from the well at site 89 (pl. 5 and table 7), which is about 50
ft from the White River, to 1,650 pymho from each of two wells farther from the
river.

West of the confluence of the White River and Piceance Creek, the valley
is again underlain by rocks of the Wasatch Formation and the Mesaverde Group.
Specific conductance of well water sampled ranged from 730 to 5,000 pmho, which
demonstrates that water suitable for use as a public-water supply can still be
obtained from wells close to the river, but that the overall mineralization of
ground water in this area has increased significantly. Average specific con-
ductance for this segment of valley was 2,730 pmho, which is more than double
the average specific conductance to the east (fig. 8).

Water quality degrades appreciably immediately west of Taylor Draw, where
the White River valley again is underlain by Mancos Shale. Specific conduc-
tance of well water sampled ranged from 1,200 to 14,000 pmho. Average specific
conductance for this segment of valley was 4,150 pmho.
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West of Piceance Creek, excessive salinity (as evidenced by large
specific-conductance values) and large sodiuim adsorption ratios (table 10 and
fig. 9) make the ground water undesirable for jrrigation purposes. The sodium
adsorption ratio (SAR) is a measure of the ratio of sodium jions to total
cations (Hem, 1970). When both the SAR and the salinity of the water are rela-
tively large, the water, if used for irrigatiom, may cause the soil to become
hard and less permeable. Well water from sites 119 and 138 and from the least
saline water from the Taylor Draw site have a high sodium (alkali) hazard and
a high to very high salinity hazard (fig. 9). These waters also exceed the
standard for sulfate concentration in drinking water, which can cause a tem-
porary laxative effect on people unaccustomed to drinking the water.

NEED FOR ADDITIONAL STUDIES

The results of this investigation are of | reconnaissance level and are
based mostly on data from existing wells and test holes. Additional studies
are needed to describe the hydrology of the White River alluvial aquifer more
thoroughly. The extent of the aquifer needs tg be more well-defined, espe-
cially the depth to bedrock. The variability in transmissivity and storage
characteristics of the alluvial aquifer and the yields of wells that penetrate
it also need to be more accurately evaluated.

Agency Park has the greatest potential as ia ground-water reservoir of any
segment in the study area; therefore, it is a ﬂirst priority for additional
study. The depth to bedrock in the main valley of the park needs to be more
well-defined by test-hole drilling. This would supplement surface geophysical
surveys already completed and would confirm or |disprove preliminary indications
that a buried channel exists that may be filled with saturated alluvium nearly
300 ft thick. |

East of and adjacent to Agency Park, in the drainages of Little Beaver and
Coal Creeks, is an area about which little is KRnown that may be a significant
ground-water reservoir. The mesa south and west of the main valley of Agency
Park is known to contain water of suitable quality for most uses. The areal
extent, saturated thickness, and hydraulic characteristics of these two areas
need to be determined, so that their storage and water-supply potential can be
evaluated.

|

Preliminary data indicate that the alluvial aquifer in the western end
of Powell Park is more than 100 ft thick. Test-hole drilling and subsequent
aquifer testing would enable the water-supply potential of this area to be
assessed. |

|

In addition, vast quantities of water low in suspended and dissolved
solids and free of bacteriological contaminatign probably exist in the White
River alluvial aquifer east of the present study area, especially near the town
of Buford, in Stillwater valley along the South Fork White River, and near the
"potholes'" along the North Fork White River (fig. 1). These areas need further
investigation. |
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SPECIFIC CONDUCTANCE, IN MICROMHOS PER CENTIMETER AT 25° CELSIUS

SODIUM (ALKALI) HAZARD

Figure 9.--Salinity hazard and sodium hazard for ground water
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SUMMARY AND CONCLUSIONS

The White River alluvial aquifer in the study area ranges in width from
0.1 mi at each of several locations in the western part of the study area to
about 1.5 mi in Agency Park and Powell Park; average width is about 0.5 mi. In
general, the aquifer is wide where underlain by the Mancos Shale or the Wasatch
Formation and narrow where underlain by the Mesaverde Group or the Green River
Formation. Saturated thickness ranges from zero along the valley sides at each
of several locations to more than 140 ft in Agency Park; average saturated
thickness is about 22 ft. Test-hole data at the Meeker municipal well field in
Agency Park established a local saturated thickness of at least 114 ft. Ver-
tical electrical-resistivity soundings indicate that the alluvial thickness
exceeds this value nearby, and perhaps is 295 fit in one area. The area east of
and adjacent to Agency Park, in the drainage areas of Little Beaver and Coal
Creeks, may be underlain by 80 ft of White River alluvium in places; however,
useful data are scarce and the limit of the White River alluvial aquifer is
uncertain in this area. Preliminary test-hole /data indicate that saturated
thickness is greater than 90 ft in the western part of Powell Park. Near
Rangely, the aquifer is about 1 mi wide, but saturated thickness averages only
14 ft. !

|
|

Alluvium in the White River valley consisis of fragments of rocks origi-
nating on the White River uplift, transported downstream by the White River;
and of material from nearby sources to the north and south, transported into
the valley via tributaries, draws, and gullies In the eastern part of the
study area, the alluvium consists predominantly of coarse-grained sand and
gravel with alternating thin layers of fine-grained material such as clay, silt
and sand. In the western part of the study area, the alluvium consists of
clay, silt, and fine-grained sand from land surface to several feet in depth,
underlain by coarse sand and gravel containing |interstitial fine-grained sedi-
ments. West of the Grand Hogback monocline, the fine-grained alluvium over-
lying the sand and gravel aquifer forms a semi+confining layer that causes the
aquifer to be under artesian conditions in many places. Wells drilled through
this dry to very moist fine-grained layer encountered water in the underlying
saturated sand and gravel aquifer, which rose der artesian pressure up into
the fine-grained layer. The interstitial fine-grained alluvium present in the
western part of the study area clogs the openings between grains of the sand
and gravel deposits and reduces their ability to transmit water.

Yields of existing domestic and stock wel
less than 25 gal/min. Most of these wells are
pensive and inefficient manner so that the wel
obtainable more than the transmissive properti
efficient and expensive wells, completed with
screens designed specifically for the well and
produce water from the White River alluvial aq
well field in Agency Park and at the Deserado
east of Rangely. The municipal wells in Agenc
more than 1,000 gal/min each. At the Deserado
designed for a long-term yield of 130 to 145 g

s in the study area usually are
completed in a relatively inex-
inhibits the maximum yield
s of the aquifer do. Relatively
tainless-steel, wire-wrapped
aquifer material at the site,
ifer at the Meeker municipal
oal-mine site about 7 mi north-
Park reportedly could yield
coal-mine site, the wells were
1/min each.
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From the information collected and with consideration of the effects of
variations in well construction, approximate potential well yields in the
study area can be estimated. Southeast of Meeker, in Agency Park, where the
saturated thickness exceeds 100 ft, efficiently constructed, screened wells
that fully penetrate the aquifer can be expected to yield on the order of
1,000 gal/min for sustained periods of time. Shallower wells can be expected
to yield from 100 to several hundred gal/min. West of Meeker, where the aver-
age saturated thickness of the aquifer is 15 to 20 ft, efficiently constructed,
screened wells can be expected to yield on the order of 100 gal/min for sus-
tained periods of time. Relatively inexpensively constructed wells can be
expected to yield 50 to 100 gal/min for a few minutes and 25 gal/min or less
for sustained periods of time.

Transmissivity of the White River alluvial aquifer in the areas tested
ranges from about 860 to about 93,000 ft?/d. Hydraulic conductivity of the
aquifer in the areas tested ranges from about 70 to about 1,550 ft/d. Trans-
missivity and hydraulic conductivity values indicated by aquifer testing in
Agency Park are much greater than values obtained from tests conducted else-
where in the study area.

In general, hydraulic conductivity decreases to the west as the valley
slope lessens and the low-energy environment of deposition results in more
fine-grained sediments being deposited. Transmissivity is greatest where the
saturated thickness of the alluvium is large and in the eastern part of the
study area and least where the saturated thickness of the alluvium is small and
in the western part of the study area. Transmissivity values are expected to
be relatively large in the western part of Powell Park, where the saturated
thickness of the alluvium is greater than 90 ft.

The estimated total volume of water in storage in the White River alluvial
aquifer in the study area, based on the areal extent, saturated thickness, and
an assumed average specific yield of 0.2, is 103,000 acre-ft. Southeast of
Meeker, about 40,000 acre-ft of water are in storage in the alluvial aquifer.

Based on 13 samples, ground water in the eastern part of the study area is
a calcium bicarbonate type; to the west, the ground water is a sodium sulfate
type. Water in the aquifer is classified as very hard throughout the study
area. Water-quality standards for public-water supplies for dissolved solids
and sulfate are exceeded west of the confluence of the White River and Piceance
Creek and in one well located on an alluvial fan emanating from rocks of the
Mesaverde Group at the Grand Hogback. The recommended limit for concentration
of iron in public-water supplies is exceeded at the Deserado coal-mine site.
Dissolved-solids concentrations were compared with specific-conductance values
for those samples for which both measures exist; waters with specific conduc-
tance exceeding 745 pmho have dissolved-solids concentrations in excess of the
recommended standard of 500 mg/L. Specific conductance from 115 samples of
water from the White River alluvial aquifer ranges from 400 to 14,000 pmho.
Smallest values were measured at the eastern end of the study area in Agency
Park and largest values were measured at the western end of the study area near
Rangely. Average specific conductance of ground waters sampled west of the
confluence of the White River with Piceance Creek is more than twice the aver-
age value obtained east of that confluence. The specific conductance of water
from wells close to the White River is less than that from wells farther from
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the river; well water with specific conductance indicative of dissolved-solids
concentrations within the recommended limit occurs as far west as the area from
Piceance Creek to Taylor Draw. In the western part of the study area, large
sodium-adsorption ratios and large dissolved-sollids concentrations in the
ground water combine to make the water unfit for irrigation purposes.
|

The results of this investigation are preliminary and are based mostly on
data from existing wells and test holes. The variability in depth to bedrock
and hydraulic properties of the aquifer need to be more accurately evaluated,
especially southeast of Meeker and in the westerm part of Powell Park.
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System of Locating and Numbering Data-Collection Sites
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The U.S. Bureau of Land Management's system of land subdivision is used to
locate and number data-collection sites (fig. 10). The first character is an
S, which indicates that the site is located in the area covered by the Sixth
principal meridian. The next letter denotes the|quadrant formed by the inter-
section of the base line (parallel) with the principal meridian. The quadrants
are designated A, B, C, or D in a counterclockwise manner with the northeast
quadrant being A. The first three numbers designate the township, the next
three designate the range, and the last two designate the section. Each
section is then divided into quarters designated A, B, C, or D in a counter-
clockwise rotation, with the northeast quarter being A. This is done again for
the quarter-quarter section and the quarter-quarEer-quarter section. The three
letters following the number designation of township, range, and section in-
dicate the data-collection site position first in the quarter section, then in
the quarter-quarter section, and then in the quarter-quarter-quarter section.
The final number is the order in which the site in the designated quarter-
quarter-quarter section was inventoried. A site numbered SB00408616CBAl1 would
be the first one located in the NE4NW4%SW% sec. 16, T. 4 N., R. 86 W.
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Electrical ResistiJity

Vertical electrical-resistivity soundings /(VES) were used to obtain sub-
surface data throughout the study area. The soundings were based on a funda-
mental property of rocks known as resistivity, which governs the amount of
current that passes through the rock when a specified potential difference is
applied (Dobrin, 1976). Resistivity is a functiion of several variables, in-
cluding porosity, moisture content, clay content, and concentration of dis-
solved electrolytes. Because individual resistivities are not unique to a
given rock or sediment type, it is impossible to identify a given earth ma-
terial solely from a resistivity value. Thus, |interpretation of VES curves is
based on resistivity contrasts between layers of rock rather than on absolute
values of resistivity. A given VES curve can cdorrespond to a variety of
combinations of subsurface distributions of layer thicknesses and resistivities
(Zohdy and others, 1974). For this reason, at least some soundings need to be
conducted in the immediate vicinity of logged test holes. The lithologic logs
of such test holes provide information on layer thicknesses, which, when com-
pared with the geoelectric layers determined from the soundings, allow the
interpreted true resistivity of each layer to be derived. The interpreted true
resistivities then can be used to determine thg thicknesses of similar layers
in areas where drilling information is absent.

Data-collection procedures in the field involved applying a low-frequency
current to the ground through current electrodes and measuring the resulting
potential difference between potential electrodes. During a given sounding,
the electrodes were moved progressively further apart to produce a series of
apparent resistivity values that were used to derive the depths to various
subsurface layers below the site.

VES curves were interpreted with the aid Jf two computer programs (Zohdy,
1973, 1974) that are based on techniques discussed in Zohdy (1975). Data were
interpreted in the following manner. Observed apparent resistivity values were
entered into the computer, which generated a plot of the field curve. Sub-
sequently, the computer smoothed and digitized ithe data and calculated a
theoretical sounding curve. The theoretical cyrve was compared with a user-
selected model curve in the second computer prggram. The model curve that
compared most favorably with the theoretical curve was used to infer layer
thicknesses and their corresponding interpreted true resistivities.
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Table 8.--Results of vertical electrical-resistivity soundings

[ft = feet]
Location Altitude Depth
Site within town- of land to Date
number! ship, range, surface? bedrock? sounding
(plate 1) and section® (ft) (ft) conducted Remarks5

ER-1 SC00109310BDD 6,465 69 May 1982

ER-2 SC00109310BDB 6,470 49 May 1982

ER-3 SC00109303CDC 6,440 43 May 1982

ER-4 S$C00109303CBC 6,430 141 May 1982

ER-5 SC00109304ACA 6,430 69 May 1982

ER-6 SC00109303BBB 6,405 118 May 1982

ER-7 SB00109333CDC 6,410 112 May 1982

ER-8 SB00109333CDD 6,405 131 May 1982

ER-9 SB00109333CDB 6,407 2957 May 1982

ER-10 SB00109333DCD 6,408 72 June 1974  Performed by Wright-
McLaughlin Engi-
neers (1974) as
ERS-7.

ER-11 SB00109333DAC 6,405 59 May 1982

ER-12 SB00109333DAA 6,407 49 May 1982

ER-13 SB00109334CBD 6,418 46 May 1982

ER-14 SB00109333ADD 6,405 44 May 1982

ER-15 SB00109333ABC 6,390 41 May 1982

ER-16 SB00109333AAD 6,400 72 May 1982

ER-17 SB0010932BCCD 6,370 25 June 1974  Performed by Wright-
McLaughlin Engi-
neers (1974) as
ERS-8.

ER-18 SB00109328CDB 6,380 72 May 1982

ER-19 SB00109328DCA 6,387 36 May 1982

ER-20 SB00109328BDC 6,365 72 May 1982

ER-21 SB00109321DCA 6,372 17 May 1982

ER-22 SB00109329ADA 6,350 33 May 1982

ER-23 SB00109329BAC 6,325 53 May 1982

ER-24 SB00109329BBD 6,325 61 1979 Performed by CH2M
Hill Central
(1979) as ER5.

ER-25 SB00109330AAB 6,305 49 May 1982

ER-26 SB00109423DDA 6,235 26 July 1974  Performed by Wright-
McLaughlin Engi-
neers (1974) as
ERS-2.

ER-27 SB0010942BADD 6,173 33 May 1982

ER-28 SB00109428DDC 6,170 36 May 1982

ER-29 SB00109431AAA 6,110 30 May 1982

ER-30 SB00109536ABA 6,070 20 May 1982

ER-31 SB00109526AAB 6,055 19 May 1982

ER-32 SB00109526ADA 6,050 207 May 1982 Depth-to-bedrock
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Table 8.--Results of vertical electrical-resistivity soundings--Continued

Location Altitude Depth |
Site within town- of land to Date
number?! ship, range, surface3 bedrock? sounding
(plate 1) and section? (ft) (ft) conducted Remarks®

ER-33 SB00109525BCB 6,055 16 Mar. 1982

ER-34 SB00109526DAA 6,045 20 May 1982

ER-35 SB00109526DAD 6,045 23 Maly 1982

ER-36 SB00109526DDB 6,045 25 May 1982

ER-37 SB00109527DAB 6,015 23 May 1982

ER-38 SB00109527DBA 6,010 16 May 1982

ER-39 SB00109527BDB 6,010 49 May 1982

ER-40 SB00109531ACC 5,930 26 Mar. 1982

ER-41 SB00109625CDB 5,895 23 Mar. 1982

ER-42 SB00209736CDA 5,720 30 Aug. 1982

ER-43 SB00209736CDD 5,730 38 Aug. 1982

ER-44 SB00109701BAB 5,735 23 Aug. 1982

ER-45 SB00209720BDB 5,630 23 May 1982

ER-46 SB00209720BDC 5,630 33 May 1982

ER-47 SB00209720BCD 5,630 26 May 1982

ER-48 SB00209812BAC 5,585 26 Mar. 1982 Difficult curve to
model; depth is
estimate.

ER-49 SB00209812BBA 5,585 30 Mar. 1982 Difficult curve to
model; depth is
estimate.

ER-50 SB00209812BBB 5,585 20 Mar. 1982

ER-51 SB00209804ABB 5,530 46 Mar. 1982 Difficult curve to
model; depth is
estimate.

ER-52 SB00309830CDA 5,490 49 May 1982

ER-53 SB00309830CAD 5,490 23 May 1982 Resistivity value
seems small for
a gravel.

ER-54 SB00309927CAD 5,450 43 May 1982 Resistivity value
seems small for
a gravel.

1ER indicates electrical-resistivity sounding.

2gite locations are based on the U.S. Bureau| of Land Management
system of land subdivision, which is explained in| the subsection
entitled "System of Locating and Numbering Data-Collection Sites."

3In most cases, altitude of land surface values were obtained

from U.S. Geological Survey 1:24,000 topographic

are approximations within 10 feet of the true altitudes.

aps, and consequently
Altitudes

are based on the National Geodetic Vertical Datum of 1929.
4Depth-to-bedrock values are approximations
of geophysical data.
SPertinent supplemental information is liste
When appropriate, this column also cites references from which the
preceding data were obtained.

ased on interpretation

in this column.

|

\
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Seismic Refraction

Table 9.--Results of seismic-refraction surveys

[ft = feet]
Location Altitude Depth
Site within town- of land to Date
number! ship, range, surface® bedrock? survey Remarks®
(plate 1) and section? (ft) (ft) conducted
SR-1 SB00109333AAA 6,410 >56 June 1974 Performed by Wright-
McLaughlin Engi-
neers (1974) as
S5S-3.
SR-2 SB00109424CDB 6,250 24 July 1974  Performed by Wright-

McLaughlin Engi-
neers (1974) as
SS-1.

ISR indicates seismic-refraction survey.

2Site locations are based on the U.S. Bureau of Land Management
system of land subdivision, which is explained in the subsection
entitled "System of Locating and Numbering Data-Collection Sites."

3In most cases, altitude of land surface values were obtained
from U.S. Geological Survey 1:24,000 topographic maps, and consequently
are approximations within 10 feet of the true altitudes. Altitudes
are based on the National Geodetic Vertical Datum of 1929.

4Depth-to-bedrock values are approximations based on interpretation
of geophysical data.

SPertinent supplemental information is listed in this column.
When appropriate, this column also cites references from which the preceding
data were obtained.
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Grain-size Distribution Analyses of Alluvium
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Samples of alluvium were collected from the Meeker municipal well field
near the eastern end of the study area and from the site of the proposed Taylor
Draw dam near the western end of the study area. The distribution of particle
sizes of each sample was determined by standard methods (U.S. Bureau of Recla-
mation, 1974). Grain-size distribution curves of these samples are shown in
figures 11, 12, and 13.

The effective size (D;y), coefficient of Kniformity (Cu), and coefficient

of curvature (CC) were determined for one sample in Agency Park and one sample

near Rangely, each from a depth of about 8 ft (fig. 11 and 13). The Dy is an
indicator of the quantity of fine-grained material in a sample; permeability
generally increases as the D,y increases. The D;o is 6 to 7 times greater in
the sample from Agency Park (fig. 11) than in the sample from the site of the

proposed Taylor Draw dam (fig. 13). The Cu value is a measure of the range

of particle sizes in a sample; for coarse-grained alluvium to be considered

well-graded, Cu must be greater than 6. Both these samples easily comply with
!

this criterion. The Cc value is a measure of the representation in the sample

of all particle sizes within the range that ar‘ present; for alluvium to be
considered well-graded, CC must be between 1 and 3. The sample from Agency

Park (fig. 11) contains sufficient quantities of all particle sizes within the
range of particle sizes present to be considered well-graded; Cc equals 1.7.

The sample from the site of the proposed Taylor Draw dam (fig. 13), however,
does not meet this criterion; CC equals 5.4. his is because of a paucity

of particles from approximately 0.5 to 5 milli&eters (mm) in diameter, as shown
by the concave nature of the grain-size curve for this range of particle sizes.
Such a sample is not considered well-graded, but instead is said to be gap-

graded.
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PERCENT FINER BY WEIGHT
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Figure 11.--Grain-size distribution curves of coarse-grained alluvium
from the Meeker municipal well field in Agency Park.
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Figure 12.--Grain-size distribution curves of surficial fine-

grained alluvium near Taylor Draw, 5

miles east of Rangely.

(Based on data from Western Engineers, Inc., 1980.)
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Inc., 1980.)
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Analyses of Aquifer Tests
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Meeker Municipal Well B-5

Well B-5 was drilled for the town of Meeker in September 1982, for mu-
nicipal water supply. The well was drilled by the cable-tool method to a
total depth of 56 ft in the White River alluvi and does not penetrate
bedrock. Detailed lithologic information is not available from the driller's
log of this well; however, a lithologic section of alluvium nearby is shown
in figure 4. The saturated thickness of alluvium at the well site is approxi-
mately 120 ft, as indicated on plate 3.

An aquifer test was conducted using this well in September 1982, by Arix--
A Professional Corporation of Grand Junction, Colo., with assistance from U.S.
Geological Survey personnel. The well was completed for testing as shown in
figure 14; no observation wells were used. Water-level changes in the pumped
well during the pumping and recovery phases of [testing are shown in figure 15.
Drawdown aberrations at the indicated increments of time are due to well inter-
ference from the Meeker municipal well field, which is located nearby.

With consideration of the effects of well interference, transmissivity of
the alluvial aquifer in the area of well B-5 was estimated. Analysis of time-
drawdown data (fig. 16) resulted in an estimated value of transmissivity of
10,000 ft2/d; however, analysis of the recovery phase of testing (fig. 17)
indicated a transmissivity of 58,000 ft2/d. The large discrepancy in the two
calculated transmissivity values probably is due to violations of the assump-
tions inherent in the modified nonequilibrium %ethod of analysis of Cooper and
Jacob (1946) applied herein. The departures from ideal conditions probably are
due to evacuation of water stored in the 16-in, diameter well bore, effects of
vertical components of flow caused by partial penetration of the aquifer by the
well, variations in discharge rate, delayed gravity drainage of water from
aquifer storage, heterogeneity and anisotropy of the aquifer (as indicated in
figure 4), and(or) effects of well losses created by the turbulent flow of
water through the well screen. Because no array of observation wells was
available to be monitored during testing, effects characteristic of individual
departures from theoretical conditions could not be isolated.

Data from the recovery phase of testing show that the water level in the
well surged to a level higher than the original static level within 2 min after
cessation of pumping, declined about 1 ft in less than 1 more minute, and then
began to rise slowly toward the original stati¢ level (fig. 17). This indi-
cates that the water level immediately outside of the casing and screen during
pumping probably was higher than the level in the well. However, the head loss
across the screen is a constant for a constant discharge rate and is charac-
teristic of the screen only. Therefore, the slope of the straight line used to
determine transmissivity in figure 16 is not affected by such well losses; the
line is only offset vertically by a constant amount.
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6410 —

Q = 530 gallons per minute

Land surface

w
Static potentiometric surface

6400 —

Cement-grout seal
6390 —

16-inch outside diameter casing
(15% -inch inside diameter)

6380 — \

Submersible pump, with
/ intake bowls §s shown

6370 —

ALTITUDE, IN FEET ABOVE SEA LEVEL

No. 50 stainless-steel screen,
6360 — nominal 16-inch (14% -inch
outside diameter, 13"s-inch
inside diameter)

No. 40 stainless-steel screen

6350 — / Blank tail pipe with bottom plate

6340

Figure 14.--Well completion for aquifer test at Meeker municipal
well B-5 in Agency Park. (Modified from T. K. Kelly, Arix~--A
Professional Corporation, written commun., 1983.)
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Well BC-1

Well BC-1 was drilled by the cable-tool method in 1978 and provides a
domestic supply of water to the Brian Conrado residence. Aquifer testing using
this well was conducted by U.S. Geological Survey personnel in January 1981.
The well is reportedly 60 ft deep and is cased with steel pipe, perforated from
5 to 50 ft in depth. Detailed lithologic information is not available for this
well. The results of the aquifer test are shown in figures 18 and 19.

Test Hole 1IS-1

Test hole IS-1 was drilled in March 1983 by the rotary method using ben-
tonitic slurry and a synthetic "mud" as drilling fluids. Fine-grained sedi-
ments were encountered from land surface to 6 ft, underlain by gravel and sand
from 6 to 22 ft in depth. Bedrock was encountered at 22 ft; total depth of the
test hole was 27 ft (fig. 20). After completion of drilling, the test hole was
developed with air. Reported yield was about 300 gal/min. Perforated PVC
casing then was installed from land surface to 17.9 ft in depth. Four days
after drilling and development, the water level in the test hole was 5.46 ft
below land surface.

On March 30, 1983, test hole IS-1 was pumped for 2 hr at 25 gal/min and
allowed to recover for 2 hr. On the basis of water-level measurements obtained
during pumping, transmissivity was calculated to be 3,300 ft2/d (fig. 21).
Transmissivity was not calculated from the recovery phase plot (fig. 22) be-
cause of violations of the assumptions inherent in the method of analysis. A

t,  ~
/' =150

"best-fit" straight line drawn through the data from t/t' % 3 to
does not pass through s' = 0 at t/t' = 1; furthermore, the data at the smallest

observed values of t/t‘ do not fit such a straight line. This may be indica-
tive of effects of storage in the well bore, and data at later times (that is,

smaller values of t/t') are needed to calculate transmissivity.

Angora Cross Section

Six test holes were drilled through the alluvium into bedrock in the White
River valley near Angora by U.S. Geological Survey personnel in June 1981
(fig. 5). Test holes A-1, A-2, and A-3 were drilled by the rotary method using
bentonitic slurry as drilling fluid; test holes A-la, A-2a, and A-3a were
drilled with 4-in. diameter, continuous-flight, solid augers. After completion
of the drilling of each hole, casing was installed to the total depth of the
remaining open hole. Some caving occurred in the sand and gravel zone. The
rotary-drilled holes were cased with 4%-in. diameter, slotted, fiberglass pipe.
The augered holes were cased with 2-in. diameter PVC pipe with hacksaw-cut
perforations over selected intervals.
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RESIDUAL DRAWDOWN, s’, IN FEET

DRAWDOWN, s, IN FEET
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| Q= 4620 cubic feet per day
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Pumping rate, Q = 24 galions per minute

—288 =05 foot
log cycle

1 log cycle

2.30Q
arT (A s/log cycle)
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“ar05) ‘

T2 1700 feet squared per day = 13,000 (ghlions per day) per foot
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Figure 18.--Results of pumping phase of aquifer test using

-

N

well BC-1, January 28, 1981.
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Transmissivity, T =
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TIME SINCE PUMPING STARTED, t, IN MINUTES

TIME SINCE PUMPING STOPPED, t’, IN MINUTES

Figure 19.--Results of recovery phase of aquifer test using

well BC-1, January 28, 1981.
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ALTITUDE, IN FEET ABOVE SEA LEVEL
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TEST HOLE I1S-1

Drilled by Jim Stoneman of Stoneman Drilling Co.
for International Engineering Co., Inc. on

Ivo Shults’s property in White River alluvium on
March 16 and 17, 1983

I

LAND SURFACE 1.6 feet

CLAY--Very sandy (fine-grained), silty, not
frozen, fine gravel lens at 2 to 3 feet
(Green River Formation and Uinta
Formation gravels, probably an alluvial
fan deposit), brown, moist

Static water level =
5.46 feet on March 21, 1983

GRAVEL AND SAND--(basalt, quartzite,
granite, sandstone), losing some circulating
fluid at about 8 feet, slow drilling at
12 feet (encountered a cobble or boulder),
black, white, pink, red, wet

6-inch diameter PVC casing,
with % -inch diameter drilled
holes, diametrically opposite,
spaced 5 to 6 inches apart
vertically over entire length
of 19.5 feet

17.9 feet

BEDROCK--Gray shale

Figure 20.--Well completion of test hole IS-1, and lithology

of sediments penetrated during drilling.
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Figure 21.--Results of pumping phase of aquifer test using test
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hole IS-1, March 30, 1983.
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Figure 22.--Data from recovery phase o

hole IS-1, March 30,
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Depth to static water level was measured in April 1982 in each of the six
test holes. 1In all six holes, the altitude of the static water level was above
the base of the surficial silty clay layer, indicating the presence of artesian
conditions. The resultant potentiometric surface is shown in figure 5.

In February 1983, test hole A-2 was developed by pumping and intermit-
tently returning the discharge into the test hole until the discharge water
became colorless, indicating that the drilling mud had been flushed from the
formation sediments. The aquifer was allowed to recover overnight, and then
test hole A-2 was pumped for 1,210 min at 14 gal/min and allowed to recover for
1,530 min, while fluctuations in water level were monitored in the pumped test
hole, A-2, and in the observation test holes, A-1, A-la, and A-3.

Water-level changes due to pumping are shown in figure 23. No measurable
drawdown occurred in test hole A-3; therefore, it is not shown. Total drawdown
in test hole A-1 was only 0.19 ft, which is of limited value in computing the
hydraulic parameters of the aquifer. Therefore, only test holes A-1a and A-2
were used in the aquifer test analysis presented herein. The well-completion
status of these two test holes when the aquifer test was conducted is shown in
figure 24.

-1 I T T T | T T T T T

OBSERVATION WELL A-1
0*:‘:.::;:_‘ A A4 . N \ PRE-PUMPING STATIC WATER LEVEL
e - e dr— i  — yre— 2 r "
e . - = . -
OBSERVATION WELL A-1a /

1+ —
l—
[
w
T
Z 24 -
%)
g
[@]
g 3 -
<
o
[a}

) = —

5 PUMPED WELL A-2 l _

o o S M—“ QO
6 | | 1 ] | | | | | 1
0 2 4 6 8 10 12 14 16 18 20 22

TIME SINCE PUMPING STARTED, t, IN HOURS

Figure 23.--Water-level changes during test pumping of well A-2
near Angora, February 11 to 12, 1983.
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The results of the analysis of the aquifer test are shown in figure 25.
Transmissivity is calculated to be 860 ft?/d and storage coefficient is
computed as 6x107°. About 5.3 ft of drawdown occurred in the pumped well about
1 min after pumping started and drawdown soon stabilized at 5.2 ft (fig. 23),
indicating that the sand and gravel aquifer may have been recharged by leakage
from the fine-grained sediments overlying it. The close match of the drawdown
curve from observation well A-la to the leaky artesian type curve at B=1.5
confirms this theory (fig. 25). Measurable drawdown first occurred in observa-
tion well A-1 after about 200 min of pumping. Therefore, the departure of the
data from the type curve after about 300 min of pumping probably is due to the
fact that the cone of depression had intercepted the relatively impermeable
bedrock at the valley side (fig. 5). The result is that the aquifer cannot be
treated as infinite in areal extent, and drawdown is greater than the theo-
retical drawdown predicted by the type curve for an infinite aquifer.

The data were fit to a leaky artesian curve with storage in the confining
bed, which is one of a family of curves for different values of B. The B value
is an indicator of the properties of the confining, fine-grained sediments.
Specifically:

KIS ]
- r S
B = 4b KS_

where, in any consistent units,

radial distance from the pumped well,

thickness of the aquifer,

hydraulic conductivity of the confining layer,

specific storage of the confining layer (storage coefficient
per vertical unit of thickness),

hydraulic conductivity of the aquifer, and

specific storage of the aquifer.

=
[}

From this equation, K'Ss' > 7x107°, which is an indication of the hydraulic
properties of the surficial fine-grained alluvium.

77



00004
T

*e]-Y [I°4 UOTjeAIasqo 3ursn 3s23 iayrnbe jo s3ynsay---:6z 2and1jg

S3LNNIA NI ‘1 ‘G314V1S ONIdWNd JONIS JNIL
0001 00l ol

Lo

| R T T _______ T T __-_-— T T —______ T

Ui
wn

-0l X9

(Aep/uiwi OvbL).(L'6SL) _s
(1)(£9°0)(098)¥ niy

10’0

100} 10d (Aep sad suopeB) oov9
Aep Jed peienbs 189} 098

]

L=t
L ={g'mH
T auog yorew

)i suy
El = QQ\ZVI
(0692) 0

[13) =1

Alepunoq s|qeewisduw O 108443

(0 =¢) 8aind adAl si8y)

Aep iod 108} 21qND 0692 =

e1nuiw Jed suojeb y| =D

-V 11aM LV ONIdANd 1S3l

11 1 1 | N 1 1 | RSN T T ) 1 Lo 11 s 1 1 _-L!__L’_ i

lllllL

1

10

ol

1334 NI 'S ‘'NMOAMvHa

78



Tabulated Water-Quality Data
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