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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain

inch (in.)
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cubic foot per second (ft3/s)

25.4
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1.609
2.590
0.02832

millimeter
meter
kilometer
square kilometer
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Sea level: In this report "sea level" refers to the 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 Sea Level Datum of 1929.
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GROUND-WATER FLOW IN THE DUCHESNE 
RIVER-UINTA AQUIFER, UINTA BASIN, 
UTAH AND COLORADO

By Kent C. Glover

ABSTRACT

The Duchesne River and Uinta Formations 
form the Duchesne River-Uinta aquifer, an impor 
tant basin aquifer that is about 8,000 feet thick in 
the north-central part of the Uinta Basin in Utah 
and Colorado. Ground-water recharge within the 
Duchesne River-Uinta aquifer is derived from pre 
cipitation and from seepage losses from canals and 
streams, while ground-water discharge is to peren 
nial streams. Hydraulic conductivity of the Duch 
esne River-Uinta aquifer is related to lithology and 
the degree of fracturing.

Ground water in the Duchesne River-Uinta 
aquifer exists within both local and basin flow sys 
tems. The difference in hydraulic head expressed 
by measurements less than 5 miles apart is caused 
by local hydrologic effects. The difference in 
hydraulic head expressed by measurements sepa 
rated by 5 to 40 miles is caused by both local and 
basin effects. The difference in hydraulic head 
expressed by measurements greater than 40 miles 
apart is caused by basin effects.

Basin geohydrologic characteristics of the 
Duchesne River-Uinta aquifer are described by a 
steady-state flow model that simulates about 
4,190 square miles of area with regular node spac 
ing of 2.5 miles. Simulated recharge from precip 
itation is 262 cubic feet per second. Recharge in 
the southern part of the model area is less than pre 
viously calculated while recharge in areas adjacent 
to the Uinta Mountains is greater. Simulated 
ground-water recharge from the Green River is 
about 8 cubic feet per second; ground-water dis 
charge to the Uinta River is about 45 cubic feet per 
second. Simulated ground-water discharge to 
other streams is not substantially different from 
initial estimates. The total discharge from the 
Duchesne River-Uinta aquifer to streams of the 
Uinta Basin is about 270 cubic feet per second.

Large areas of the Duchesne River-Uinta aquifer 
are characterized by a transmissivity of about 
4,400 feet squared per day. In the center of the 
model area, an aquifer test indicated a value of 
900 feet squared per day where the model yielded 
a value of 4,400 feet squared per day with an esti 
mated standard error of 1,500 feet squared per day. 
Transmissivity within the Duchesne fault zone in 
the western part of the study area and along the 
Uinta Mountains is less.

Simulated hydraulic head compared well 
with measured hydraulic head as described by a 
coefficient of variation of 0.97. The root-mean- 
squared residual was 187 feet, smaller than the 
202 feet criterion determined by variogram analy 
ses. This difference between calculated and mea 
sured water levels shows that basin variations in 
transmissivity, recharge, and discharge are ade 
quately described.

INTRODUCTION

The Duchesne River-Uinta aquifer is an impor 
tant source of ground water for irrigation, domestic, 
and industrial use within the Uinta Basin of Utah and 
Colorado (fig. 1). The Duchesne River-Uinta aquifer 
includes both the Duchesne River Formation of late 
Eocene and early Oligocene age and the Uinta Forma 
tion of late Eocene age, because these two formations 
act as a single geohydrologic unit and interfinger at the 
east and west ends of the basin (Hood, 1976; L.J. 
Martin, U.S. Geological Survey, written commun., 
1986). Ground water in the aquifer exists under a com 
plex system of shallow water-table, perched, and deep 
artesian conditions.

Hydrologic studies previously have been done 
on parts of the Duchesne River-Uinta aquifer (Price 
and Miller, 1975; Hood, 1976; and Hood and Fields, 
1978), but the lateral boundaries of these studies did 
not coincide with the lateral boundaries of the aquifer. 
Internal boundaries of the aquifer, such as the Duch-
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EXPLANATION
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Figure 1. Location of the Uinta Basin.
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esne River, typically have been used as external study 
boundaries. As a result, the earlier investigators have 
been unable to estimate components of the hydrologic 
budget independently and compare the estimates for 
consistency. Comparisons of changes in estimated 
aquifer properties with the estimated hydrologic bud 
get also have not been possible. Such comparisons are 
an important step in understanding the ground-water 
flow system in the Duchesne River-Uinta aquifer. 

The purpose of this report is to develop and 
present estimates of aquifer properties and components 
of the hydrologic budget of the Duchesne River-Uinta 
aquifer. Independent estimates of transmissivity, aqui 
fer recharge, and aquifer discharge are made using 
existing interpretations or hydrologic data. Estimates 
are compared and, where needed, revised using a digi 
tal model of ground-water flow. The study was a part 
of the Upper Colorado Regional Aquifer System Anal 
ysis (RASA) program of the U.S. Geological Survey. 
The purpose of the Upper Colorado RASA is to pro 
vide regional assessments of major aquifer systems for 
which data are available (Taylor and others, 1983).

DUCHESNE RIVER-UINTA AQUIFER AND 
ASSOCIATED GEOHYDROLOGIC UNITS

About 8,000 ft of rocks make up the Duchesne 
River-Uinta aquifer and are part of the thick sequence 
of sedimentary rocks within the Uinta Basin. As much 
as 15,000 ft of Tertiary and younger rocks have been 
penetrated in the basin while drilling for oil and gas.

The geohydrologic units considered in this study 
in descending order are, the Duchesne River-Uinta 
aquifer, the Parachute Creek confining unit, the Dou 
glas Creek-Renegade aquifer, and the Wasatch-Green 
River confining unit (fig. 2). Alluvial and glacial 
deposits have not been mapped because of their gener 
ally limited nature at the scale of the final mapping. 
However, a narrow strip (generally less than 1 mi wide) 
of alluvium occurs along perennial streams such as the 
Green, Duchesne, Lake Fork, Strawberry, and White 
Rivers, and Red Creek. Thickness of the alluvium gen 
erally is less than 50 ft.

The Duchesne River-Uinta aquifer consists of 
rocks from the Duchesne River Formation and the 
Uinta Formation. The combined thickness of the 
formations where they both are present is about 
8,000 ft.

The Duchesne River Formation overlies the 
Uinta Formation (fig. 2) and consists dominantly of 
variegated red shale, siltstone, sandstone, and con 
glomerate. The Duchesne River Formation is about 
3,000 ft thick in the center of the basin (Hintze, 1988,

Hood, 1976). It is composed of coarse-grained rocks 
where it thins near basin margins. The formation is 
slightly to highly fractured in most areas. Well yields 
typically are about 30 to 40 gal/min and range from less 
than 1 to about 300 gal/min. Well yields are largest 
where the formation is fractured.

The Uinta Formation overlies the Green River 
Formation (fig. 2) and consists of thinly bedded calcar 
eous shale, siltstone, and fine-grained sandstone. The 
Uinta Formation is as much as 5,000 ft thick in the cen 
ter of the basin but thins toward the margins of the 
basin (Hintze, 1988; Andersen and Picard, 1972). The 
altitude and configuration of the base of the Uinta For 
mation are shown in figure 3. Hydraulic conductivity 
of the formation is greatly enhanced by fracturing. The 
formation yields water to wells except in the southern 
part of the basin where deeply incised streams have 
drained the formation.

Water in the Duchesne River-Uinta aquifer gen 
erally is under artesian conditions in the central part of 
the basin, probably due to variable surficial geology 
and attendant variable vertical hydraulic conductivity. 
Water-table conditions exist where the Duchesne 
River-Uinta aquifer is only partially saturated or 
eroded in upland areas. One possible explanation for 
the variable surficial geology and hydraulic conductiv 
ity is precipitation of minerals from the ground water 
such that fractures near land surface have been effec 
tively sealed. The presence of relatively impermeable 
gilsonite veins near Roosevelt, Utah, provides some 
support for this explanation (Hood and Fields, 1978, 
p. 36).

The Parachute Creek confining unit, consisting 
of the Parachute Creek and Garden Gulch Members of 
the Green River Formation of Eocene age, underlies 
the Duchesne River-Uinta aquifer and overlies the 
Douglas Creek-Renegade aquifer. Although local- 
scale ground-water flow occurs within the Parachute 
Creek (Kimball, 1981; and Holmes and Kimball, 
1983), it is assumed to be a basin confining unit. This 
assumption is credible because there is no evidence of 
vertical flow between the Douglas Creek-Renegade 
aquifer and the Duchesne River-Uinta aquifer. Also, 
Holmes and Kimball (1983) were able to successfully 
model ground-water flow in the Douglas Creek-Rene 
gade aquifer without consideration of vertical ground- 
water flow.

The Douglas Creek-Renegade aquifer, consist 
ing of the Douglas Creek Member of the Green River 
Formation and the Renegade Tongue of the Wasatch 
Formation is a basin aquifer underlying the Duchesne 
River-Uinta aquifer. The stratigraphic relation of these 
two aquifers and associated confining units is shown in
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Figure 2. Stratigraphic relation between early Oligocene and Eocene geologic units and geohydrologic units.

figure 2; the surficial geology of the Uinta Basin is 
shown in figure 4. The Douglas Creek-Renegade aqui 
fer is the thicker of the two aquifers and has a hydraulic 
conductivity ranging from 0.05 to 0.25 ft/d in the 
southeastern part of the Uinta Basin (Holmes and 
Kimball, 1983). In the northern and western parts of 
the Uinta Basin the aquifer becomes predominantly 
shale.

The Wasatch-Green River confining unit, com 
posed of the Wasatch Formation below the Renegade 
Tongue and the Green River Formation below the Dou 
glas Creek Member, underlies the Douglas Creek- 
Renegade aquifer (fig. 2) and overlies unfractured 
limestone of the Paleocene and Upper Cretaceous 
North Horn Formation. In the eastern part of the Uinta 
Basin, the North Horn is absent, and the Wasatch- 
Green River confining unit overlies the Mesaverde 
Group.

DISTRIBUTION OF HYDRAULIC HEAD IN 
THE DUCHESNE RIVER-UINTA AQUIFER

[The potentiometric surface of the Duchesne 
RivepUinta aquifer (fig. 5) shows basin variations in 
hydraulic head and can be used to infer the direction of 
basin ground-water movement. Ground water gener 
ally moves in directions perpendicular to potentiomet 
ric contours. In fractured rocks such as the Duchesne 
River-Uinta aquifer, directions of movement may not 
be perpendicular to contour lines. The actual direction 
of flow is controlled by both the hydraulic gradient, as 
indicated on the potentiometric-surface map, and the 
preferred direction of hydraulic conductivity. Water in 
the Duchesne River-Uinta aquifer moves from upland 
areas Adjacent to the Uinta Mountains and along the 
southern margins of the basin, towards the major 
streams of the Uinta Basin.
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Figure 3. Altitude and configuration of the base of the Uinta Formation.
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Figure 5. Potentiometric surface (1985) of the Duchesne River-Uinta aquifer.
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The potentiometric surface of the Duchesne 
River-Uinta aquifer (fig. 5) is believed to represent 
steady-state conditions at the scale of this study, even 
though the aquifer has been developed as a water sup 
ply in the northern half of the basin. Although the total 
quantity of water withdrawn from the aquifer is not 
large, prolonged pumping has caused declines in the 
potentiometric surface as large as 100 ft (Hood and 
Fields, 1978, p. 34). Given the accuracy of the poten- 
tiometric-surface map implied by the contour interval, 
water levels measured in wells near pumped or flowing 
wells are not substantially different from steady-state 
conditions. Water-level data obtained from pumping or 
flowing wells were not used in constructing the map.

Although the analysis that resulted in the poten- 
tiometric-surface map was designed to construct a map 
showing basin variations in hydraulic head, a separate 
part of the analysis involved the consideration of the 
extent to which local variations in flow were present in 
the aquifer. Examples of local variations in flow 
include ground-water discharge to springs in upland 
areas that are areas of recharge to the basin flow sys 
tem, and vertical leakage from overlying terrace depos 
its between incised streams that receive discharge from 
the basin flow system. Such a consideration was nec 
essary because local variations in flow in the Duchesne 
River-Uinta aquifer are common, and the accuracy of 
basin analyses of hydraulic heads decreases as the 
magnitude of local variations in head increases.

The relation between the local and basin ground- 
water flow systems was analyzed using variograms of 
hydraulic head. Variograms are powerful tools for ana 
lyzing data and form the basis of kriging, a technique 
used for data interpolation. A detailed discussion of 
the method used to construct the variograms of hydrau 
lic head in the Duchesne River-Uinta aquifer (fig. 6) is 
beyond the scope of this report. For the interested 
reader, the method is described in detail by Journel and 
Huijbregts (1978) and Skrivan and Karlinger (1980). 
To aid readers unfamiliar with the subject, a brief dis 
cussion of terms used in variogram analysis will be 
given.

A variogram is a plot of the variance (one-half 
the mean-squared difference) of paired sample mea 
surements as a function of the distance between sam 
ples. The variograms presented in this report are 
obtained directly from the basic data and are consid 
ered empirical. In applications such as kriging, a theo 
retical mathematical model is fit to the empirical 
variogram to obtain a smooth function that is readily 
used in further analysis. No models are used to 
describe variograms in this report. If there is reason to 
expect a basin trend in the data, an empirical variogram 
can be calculated that includes the effects of the trend

80 100

DISTANCE BETWEEN DATA POINTS, IN MILES
I

Figure 6. Variograms of hydraulic head in the Duchesne 
River-Uir ta aquifer.

(variogram with constant drift), or a variogram can be 
calculated that removes the effects of the trend (vario 
gram corrected for drift). Both types of variograms are 
used in this report.

Many important inferences can be made from an 
empirical variogram. The distance beyond which there 
is little or no correlation among data will show as 
points where the variance plots as an approximately 
horizontal line on the variogram; no change in variance 
with additional distance between points. A qualitative 
measure! of regularity of continuity of data is given by 
the degree to which the empirical variogram plots as a 
smooth curve. Empirical variograms in this report are 
used to evaluate the relative importance of basin trends 

1 variations from trends that are simply a func-and Iocs 
tion of d 
reasona
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digital modeling of ground-water flow.
Two variograms were developed in the analysis 

of hydraulic head in the Duchesne River-Uinta aquifer 
(fig. 6). The first is a variogram with constant drift; the 
second i|s a variogram corrected for drift. The vario 
grams a|e used to determine expected variation in



water levels in the Duchesne River-Uinta aquifer 
between two sites. For example, in the Duchesne 
River-Uinta aquifer, water levels in wells 20 mi apart 
typically vary by 1,040 ft. The value of 1,040 ft was 
obtained from the variogram with constant drift by tak 
ing the square root of the variance in hydraulic head 
associated with wells 20 mi apart.

The principal reason for developing two curves 
is that both curves are needed to determine if a differ 
ence in hydraulic head between two measurement 
points is an indication of basin trends or local varia 
tions. The variation in head between measurement 
points as determined from the variogram with constant 
drift includes variations due to both local and basin 
effects on the flow system. The variation determined 
from the curve corrected for drift is due only to local 
effects. The difference between the two curves is the 
variation in head due to basin trends or effects.

The following assumptions were made on the 
basis of comparison of the two curves:

1. The difference in hydraulic head expressed by 
measurements or data points less than about 
5 mi apart is caused by local hydrologic effects. 
At this distance, there is virtually no difference 
between the two curves, and therefore, there are 
no basin effects.

2. The difference in hydraulic head expressed by 
measurements or data points separated by about 
5 to 40 mi is caused by both local and basin 
effects. However, the greater the distance 
between data points the more likely that differ 
ences in head values are caused by basin effects. 
This transition from dominantly local to basin 
effects corresponds with the definition of inter 
mediate-flow systems of Toth (1963).

3. The difference in hydraulic head expressed by 
measurements or data points greater than about 
40 mi apart is caused by basin effects.

The variogram corrected for drift also can be 
used to estimate the possible accuracy in a model anal 
ysis of ground-water levels in the Duchesne River- 
Uinta aquifer. Such a model analysis is discussed in 
later sections of this report. Because basin flow mod 
eling does not incorporate hydrologic processes that 
occur at a local scale, the model cannot be expected to 
simulate hydraulic heads with greater accuracy than 
that given by the statistical description of the drift. 
Basin trends in hydraulic head cannot be detected at a

scale less than 5 mi. At a scale of 5 mi, the head vari 
ance corrected for drift is about 129,000 ft2. This 
means that after statistically accounting for basin 
trends in hydraulic-head data, a variance of about 
129,000 ft2 remains unexplained. The variance repre 
sents an appropriate calibration criterion for develop 
ment of a basin flow model. The average difference in 
head for points separated by 5 mi, obtained as the 
square root of the variance (about 129,000 ft 2) is 
359 ft. When simulated hydraulic head compares to 
measured heads with an average error of approximately 
359 ft, the model can be considered to be a reasonable 
representation of the basin flow system.

RECHARGE AND DISCHARGE IN THE 
DUCHESNE RIVER-UINTA AQUIFER

Ground-water recharge to the Duchesne River- 
Uinta aquifer is derived from precipitation and from 
seepage from canals and streams, and percolation 
losses from irrigated lands (Price and Miller, 1975; and 
Hood and Fields, 1978). However, the recharge is 
assumed to occur only in areas where water-table con 
ditions exist. In areas where artesian conditions exist, 
the aquifer is overlain by sedimentary materials having 
smaller hydraulic conductivities that impede recharge. 
The principal source of ground-water recharge is pre 
cipitation on outcrops at high altitudes along the rim ef 
the basin. A percentage of the rainfall and melting 
snow percolates directly into the underlying sedimen 
tary rocks as does water from streams and canals.

Price and Miller (1975) and Hood and Fields 
(1978) estimated ground-water recharge in the Uinta 
Basin using a method that assumed recharge is a per 
centage of average annual precipitation. The method 
takes into account geology and physiography as well as 
the volume, time, and areal distribution of precipita 
tion. The method accounts for not only the amount of 
recharge resulting from direct percolation of precipita 
tion but also for recharge from unlined canals and 
streams. Ground-water recharge from percolation 
losses from irrigated lands were combined with irriga 
tion return flow by Hood and Fields (1978).

Price and Miller (1975) and Hood and Fields 
(1978) assumed that as average annual precipitation 
increases, so does the percent of average annual precip 
itation that recharges the ground water. For example, 
they assumed if annual precipitation is 10 to 12 in., 
ground-water recharge is 1 percent of the precipitation;

RECHARGE AND DISCHARGE IN THE DUCHESNE RIVER-UINTA AQUIFER 9



if annual precipitation is 16 to 18 in., ground-water 
recharge is 5 percent of the precipitation. The percent 
age increases to 25 percent for precipitation in excess 
of 26 in. Precipitation data compiled by Fields and 
Adams (1975) were used in the calculation process.

The estimates of ground-water recharge to the 
Duchesne River-Uinta aquifer are shown in figure 7 
and were the initial values used in the ground-water 
flow model developed as part of this study. During the 
process of model development these initial recharge 
estimates were modified.

The potentiometric surface for the Duchesne 
River-Uinta aquifer (fig. 5) indicates that the aquifer 
discharges to perennial streams in the basin, except for 
parts of Lake Fork River. Actually, discharge is from 
the Duchesne River-Uinta aquifer into the thin alluvial 
deposits along the major streams where water is lost by 
evapotranspiration and seepage into stream channels. 
Most springs in the Uinta Basin are in upland areas, 
discharge at relatively slow rates, and probably are part 
of local rather than basin flow systems. Spring dis 
charge in lowland areas occurs along streams and in 
this report is assumed part of seepage into stream chan 
nels.

Accurate direct measurement of discharge from 
the Duchesne River-Uinta aquifer is not possible. Esti 
mates of water lost as evapotranspiration by phreato- 
phytes (Hood and Fields, 1978) must be made on the 
basis of (1) depths to water, (2) vegetation types and 
density, and (3) rates of water use that consider the rate 
of precipitation, the availability of irrigation water, and 
the plant type. Estimates of discharge by seepage into 
stream channels have been made (Price and Miller, 
1975; and Hood and Fields, 1978) based on the differ 
ence between estimated recharge and evapotranspira 
tion and other independently estimated forms of 
discharge. In general, seepage to streams is estimated 
to be approximately one-half of total discharge. It is 
apparent that existing discharge estimates are depen 
dent on recharge estimates; errors made in estimating 
recharge will propagate into discharge estimates.

Gains or losses in average January streamflow 
for paired streamflow stations on several perennial 
streams were compared in an attempt to estimate 
ground-water discharge in the Uinta Basin (table 1). 
The assumption was made that ground-water discharge 
to streams can be better estimated using January 
streamflow than other months. During January the 
effects of evapotranspiration, bank storage in alluvium,

Table 1 . (ground-water discharge from the Duchesne
River-Uinta
from streat iflow data

aquifer to streams in the Uinta Basin estimated

Stream

Duchesne ^iver Contact with rocks of 
Cretaceous age to Strawberry River

Strawberry River Strawberry Reservoir 
to Red (freek

I Currant C^eek and Red Creek

Ground-water 
discharge

(cubic feet per 
second)

Strawberr River Red Creek to
Starvati m Reservoir

Duchesne River Strawberry River to 
Lake Fdrk River

30

15

10

7

76

Lake Fork

Duchesne 
Uinta Rj

White Riv 

Total

River

River   Lake Fork River to 
ver

er

23

54

11

226

I
Surface rurioff fromungaged drainages (drainage areas 
without streamflow-gaging stations) and diversions 
were assumed to be at a minimum. However, January 
streamflovf records typically also include record gaps 
due to ice conditions. Such gaps must be filled in by 
estimates.' Therefore, January measurements may not 
be as accurate as records for other months. In addition, 
numerous Small ungaged drainages may contribute 
water between paired gaging stations. The streamflow 
of these ungaged drainages was neglected in the analy 
sis of gains or losses. Therefore, the estimates in 
table 1 are considered to be initial streamflow gain 
approximations to be used as initial model input. The 
figures were revised during flow-model calibration.

The I attempt to quantify ground-water discharge 
to the Green and Uinta Rivers using streamflow records 
for paired gaging stations on the two rivers was not suc 
cessful. Differences in streamflow between paired gag 
ing stations were within the accuracy of measurements. 
Attempts to calculate streamflow loss or gain on the 
basis of changes in chemical load also were unsuccess 
ful.

It may be coincidental that total estimated 
recharge ( 202 ft3/s) is within 24 ft3/s of total estimated
discharge or it may indicate that the estimates are rea
sonable. In a steady-state system the two estimates are

10 GROUND-WATER FLOW IN THE DUCHESNE RIVER-UINTA AQUIFER, UINTA BASIN, UTAH AND COLORADO
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equal by definition. The small difference between 
these independent estimates of recharge and discharge 
could be accounted for as recharge along the Green and 
Uinta Rivers.

AQUIFER PROPERTIES

Flow in the Duchesne River-Uinta aquifer is pri 
marily through a network of fractures; however, flow 
rates between fractures and pores of the rock matrix are 
probably very slow. Flow through fracture networks 
can be described within the framework of an equivalent 
porous media if an equivalent hydraulic-conductivity 
tensor exists that can predict the correct ground-water 
flux regardless of the direction of the hydraulic gradi 
ent (Long and others, 1982). This description of flow 
through fracture networks implies that the value of 
hydraulic conductivity is virtually unchanged with the 
addition or subtraction of a few fractures to the volume 
of rock considered. Flow through fracture networks 
can be described using concepts such as hydraulic con 
ductivity at large scales, generally much larger than the 
average length of fractures. However, determination of 
the scale at which concepts of flow through porous 
media may be used requires detailed knowledge of the 
distributions of fracture lengths, orientations, aper 
tures, locations, and interconnections. Such informa 
tion is not available for the Duchesne River-Uinta 
aquifer.

At scales considered in basin-flow analysis, 
where distance between digital-mpdel nodes is mea 
sured in miles, flow through the fracture network of the 
Duchesne River-Uinta aquifer probably can be consid 
ered within a framework of porous-media flow. The 
fact that basin aquifer properties can be described by 
concepts such as hydraulic conductivity or storage 
coefficient does not automatically imply that flow to a 
well at a local scale can be evaluated using the same 
concepts. It also does not imply that estimates of 
hydraulic conductivity or storage coefficient made at a 
local scale during aquifer tests can be used at basin 
scale. Estimates made without the benefit of data from 
observation wells are particularly unreliable.

The relation between flow in fracture networks 
and through equivalent porous media should be consid 
ered in studies of the Duchesne River-Uinta aquifer. 
Hood (1976) showed that the distribution of hydraulic 
conductivity in the aquifer, as indicated by core tests, is 
similar to the distribution of sandstone porosity. The

hydraulic tonductivity of cores was small, generally 
less than 1|.5 ft/d. Hydraulic conductivity, measured by 
specific-capacity tests, generally was substantially 
larger than that measured by core tests. Hood con 
cluded that the larger values were the result of frac 
tures. Hood also noted that larger well yields generally 
were associated with areas known to be fractured.

A sijngle aquifer test with observation wells has 
been reported for the Duchesne River-Uinta aquifer 
(Hood, 19176). Test data were interpreted, within a 
framework of homogeneous porous media, using 
image-well theory. A value of 900 ft2/d was reported 
for transmissivity; 0.0002 for storage coefficient. 
Partly because of the locations of the observation wells 
and partly 1 because of the nature of the fracture net 
work, Ho6d (1976) considered the test to be atypical of 
the entire aquifer and the estimates of aquifer proper 
ties to be Approximate at best. Hood (1976) reported 
162 onsite estimates of hydraulic conductivity in the 
Duchesne i River-Uinta aquifer in the northern Uinta 
Basin north of the Strawberry River. Seventy-five per 
cent of these estimates was smaller than 4 ft/d; their 
geometricl mean was about 1.3 ft/d.

' The variogram of hydraulic conductivity with 
constant drift calculated from specific capacity tests 
(fig. 8) shbws that large local variations in hydraulic 
conductivity exist within the Duchesne River-Uinta 
aquifer. The variogram corrected for drift is not shown 
but is virtually identical to the variogram in figure 8. 
The average hydraulic-conductivity estimate given by 
the variogtram is 23.2 ft/d.

Several conflicting hypotheses can be inferred 
from the variogram of hydraulic conductivity. Three 
hypotheses that can be inferred are:

1. Effective basin hydraulic conductivity is uni 
form throughout the Duchesne River-Uinta 
aqijifer. The value of hydraulic conductivity is 
similar to the average of estimates used in con 
structing the variogram (23.2 ft/d).

2. Lo(j;al variations in hydraulic conductivity are so 
large that basin trends, though present, are 
mafcked. Under this hypothesis, point estimates 
arei of limited use in identifying basin trends. 
Within the framework of fracture networks, such 
a hypothesis is possible when characteristics of 
a minor or local set of fractures are highly vari 
able while characteristics of a set of major or 
basin fractures are more homogeneous.
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Figure 8. Variogram of hydraulic conductivity for the Duchesne River-Uinta aquifer.

3. Basin trends in hydraulic conductivity are sig 
nificant. To a large degree, basin values of 
hydraulic conductivity are controlled by large 
fractures and tectonic features that either cannot 
be evaluated using local-scale measurements or 
are treated as boundary conditions in the inter 
pretation of aquifer tests.

The digital model of ground-water flow 
described later in this report was used to evaluate the 
first hypothesis. The second hypothesis cannot be eval 
uated without detailed study of fracture networks in the 
Duchesne River-Uinta aquifer. The aquifer test and 
onsite estimates described by Hood (1976) are evi 
dence that the third hypothesis may be realistic.

ANALYSIS OF STEADY-STATE FLOW IN 
THE DUCHESNE RIVER-UINTA AQUIFER

Development of Flow Model

Steady-state ground-water flow in the Duchesne 
River-Uinta aquifer was simulated with a mathematical 
model described by Cooley and Naff (1985) and mod 
ified by Garabedian (1984). The model was developed 
to check for consistency in estimates of ground-water 
recharge and discharge and estimated hydraulic-head 
distribution. In addition, the model was developed to 
estimate basin-scale aquifer transmissivity.

The model of the Duchesne River-Uinta aquifer 
is based on the differential equation of steady-state 
ground-water flow in two dimensions. The equation 
represents the physical processes present in the flow 
system. Because the differential equation cannot be 
solved directly, integrated finite-difference approxima 
tions were used, with nodes located at the corners of 
finite-difference blocks.

The nodal network established for the model, 
with uniform node spacing of 2.5 mi, encloses an area 
of about 4,190 mi2 (fig. 9). The nodal spacing was 
selected in part on the basis of an analysis of hydraulic- 
head variograms (fig. 6). These variograms indicate 
that variations in water-level measurements over dis 
tances of less than 5 mi are the result of local variations 
in aquifer properties. Hence, a nodal spacing of 5 mi is 
sufficient to evaluate basin variations in ground-water 
levels. However, a nodal spacing of 5 mi is not suffi 
ciently detailed to provide a good representation of 
boundary geometry. The nodal spacing of 2.5 mi used 
in the model represents a practical compromise.

The lateral model boundaries are coincident, for 
the most part, with the boundaries of the Duchesne 
River and Uinta Formations (fig. 2) except along the 
southern edge of the Uinta Formation and in the area 
south of the White River. Along part of the southern 
boundary of the model, the Duchesne River and Uinta 
Formations are not present where they have been 
eroded by streams. Where erosion has occurred, the

ANALYSIS OF STEADY-STATE FLOW IN THE DUCHESNE RIVER-UINTA AQUIFER 13
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underlying Green River Formation is exposed. Else 
where along the southern boundary, the Uinta Forma 
tion is not saturated or, where saturated, basin 
movement of water does not occur. The boundaries all 
are represented as no-flow nodes; streams are repre 
sented by stream nodes. The area south of the White 
River was not included in the model after attempts to 
include the area produced unacceptable model results.

Initial Estimates of Hydraulic Characteristics

Information needed to begin developing a flow 
model of the Duchesne River-Uinta aquifer included 
the areal distribution and rates of aquifer recharge, the 
distribution and rates of aquifer discharge along 
streams, the distribution and magnitude of transmissiv- 
ity, and the locations of measured water levels. Meth 
ods used to obtain these estimates were given in 
preceding sections; the initial estimates are reviewed 
briefly in this section and evaluated for reliability.

Recharge to the Duchesne River-Uinta aquifer, 
derived from precipitation and seepage from canals and 
streams, occurs primarily in upland areas along the 
margins of the Uinta Basin. Initial estimates (fig. 7) 
were obtained by a method that assumes recharge to be 
a percentage of average annual precipitation. The per 
centage is estimated by considering geology; physiog 
raphy; and the volume, time, and areal distribution of 
precipitation. Although a quantitative evaluation of 
accuracy has not been undertaken, the method has been 
applied in many parts of Utah and has given useful 
results.

Discharge from the Duchesne River-Uinta aqui 
fer, which occurs primarily along perennial streams, 
cannot be accurately measured. As a first approxima 
tion, gains or losses in average January streamflow for 
paired gaging stations on perennial streams were com 
pared (table 1). Differences in streamflow at paired 
gaging stations are considered to be a first approxima 
tion because ungaged surface runoff was not consid 
ered and January stage measurements are affected by 
ice. Also, the rate of ground-water discharge generally 
is small compared to total stream discharge. January 
measurements are useful because the effects of evapo- 
transpiration, bank storage surface runoff, and irriga 
tion-return flow are generally at a minimum.

Transmissivity of the Duchesne River-Uinta 
aquifer is poorly defined. While thickness of the aqui 
fer can be measured with reasonable accuracy, the anal 
ysis of hydraulic conductivity given previously shows

that several interpretations are possible. Most of the 
apparent confusion can be related to a poor understand 
ing of the fracture network of the Duchesne River- 
Uinta aquifer, and the fact that virtually all estimates of 
hydraulic conductivity are obtained from specific- 
capacity tests. However, estimates of hydraulic con 
ductivity obtained from an aquifer test with observa 
tion wells cannot be considered to be very reliable due 
to a lack of knowledge about the fracture network.

Assuming an aquifer of nearly uniform thick 
ness, transmissivity of the Duchesne River-Uinta aqui 
fer was initially estimated to be 1,000 ft2/d. Variogram 
analysis of hydraulic conductivity for the Duchesne 
River-Uinta aquifer shows that a uniform value may be 
appropriate. Because of the simplistic approach taken 
for selecting an initial estimate, transmissivity was var 
ied frequently during model development.

The location and values of measured water levels 
are accurately known. This accuracy however, must be 
evaluated in terms of generalized basin ground-water 
movement as opposed to smaller local flow systems 
that may vary from the generalized basin flow system. 
The variogram analysis of water-level measurements 
showed that differences in water levels on the order of 
212 ft could be expected at distances of 2.5 mi. There 
fore, differences of 212 ft could be attributed to local 
effects. For this reason a standard error of 212 ft differ 
ence in water level was selected as one of the criteria 
for calibration of the hydrologic model.

Calibration

Simulation made using initial estimates of model 
parameters did not result in a hydrologically reasonable 
description of steady-state flow in the Duchesne River- 
Uinta aquifer. Specifically, hydraulic head at observa 
tion wells calculated during the initial steady-state sim 
ulation did not closely match field measurements. 
Calculated aquifer head near streams that act as points 
of ground-water discharge generally were less than the 
altitude of the stream channel. Such a condition in a 
discharge area is physically unreasonable. This initial 
result was not unexpected, however, because initial 
estimates of transmissivity, and aquifer recharge and 
discharge were not based on reliable site data.

Because initial estimates of some model param 
eters were unreliable, the parameter values were varied 
until model-calculated head correctly simulated mea 
sured or known conditions. This process of varying 
model parameters to more accurately simulate reliable
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data is called calibration. Transmissivity was the prin- water-leve 
cipal model parameter varied during calibration. Esti- model run 
mates of aquifer recharge (202 ft3/s) were considered between a 
to be more reliable and were not changed substantially larly poor 
without data or sound hydrologic justification. Simi 
larly, discharge estimates (202 ft3/s) were not changed 
substantially unless initial estimates were considered analogous 
inaccurate. Streams along which recharge or discharge 
were considered inaccurate included the Green, White, and Smith, 
and Uinta Rivers.

A statistical algorithm based on nonlinear regres 
sion techniques (Cooley, 1982) was used to calibrate 
the Duchesne River-Uinta aquifer model. The algo 
rithm obtains estimates of model parameters that mini 
mize the squared difference of calculated and measured 
head. Model parameters are treated within the algo 
rithm as coefficients of a regression equation that, upon 
solution, is equivalent to the finite-difference equation 
of ground-water flow. Estimates of model parameters 
may be constrained within the algorithm if adequate 
information is available prior to the simulation. The 
constraint is included within the algorithm by provid 
ing both an initial estimate of the parameter value and 
a value for the error variance of the initial estimate. A 
boundary condition or aquifer property may be speci 
fied exactly by not including it as a parameter in the 
regression analysis. A computer program documented 
by Cooley and Naff (1985), and modified by Garabe- 
dian (1984) includes the statistical calibration algo 
rithm.

Results of the statistical calibration algorithm 
include estimates of model parameters and a measure 
of model reliability, called the standard error, for each 
parameter. Each standard error has units equal to the 
units of the corresponding parameter. For example, the 
standard error of transmissivity has units of feet 
squared per day. Qualitatively, a small standard error, 
relative to the parameter estimate, indicates that the Recharge 
parameter is estimated with a good degree of accuracy. 
Also, a small standard error usually indicates the simu 
lation results are relatively sensitive to changes in the 
parameter estimate. Mesozoic

Calibration of the Duchesne River-Uinta aquifer upward in 
model was accomplished in a step-wise manner, begin- and Fields 
ning with relatively simple distributions of aquifer 
characteristics and boundary conditions, and proceed- shallow ci 
ing to more complex distributions. In each step of the 
calibration process, values for model parameters were 
estimated by nonlinear regression and model-calcu 
lated hydraulic heads were compared with measured Mesozoic

data. If the standard error for the particular 
was greater than 212 ft, or if the comparison 
Iculated and measured heads was particu- 
n parts of the aquifer, a new distribution of 

model parameters was hypothesized and a nonlinear 
regression was repeated. This calibration approach is

to the forward-selection procedure for 
obtaining an appropriate regression equation (Draper 

1966, p. 169-171). The calibration criterion 
of 212 ft \\as selected based on the analysis of the 
hydraulic- lead variogram analysis discussed previ 
ously.

Results of Flow Simulation

The Aquifer properties used in the ground-water 
flow model that resulted in the best simulation of basin 
geohydro!6gic conditions are described in this section 
of the report. A comparison of model results with mea 
sured geohtydrologic data is presented in a later section.

Recharge

Ground-water recharge calculated in the final 
model cali oration run indicated total recharge from 
precipitation was 262 ft3/s and recharge from the Green 
River was about 8 ft3/s (fig. 10). This varies from the 
initial estimates of recharge given in an earlier section 
of the report. Variations can be justified on the basis of 
physical c laracteristics not considered in the initial 
estimates. Recharge in the southern part of the model 
area is lesd than initially estimated by Price and Miller 
(1975). The difference in model calculated recharge 
and that initially estimated is not surprising because the 
initial estimate does not differentiate between local and 
basin ground-water flow when estimating recharge.

n areas adjacent to the Uinta Mountains is 
greater than initially estimated by Hood and Fields 
(1978). T le Duchesne River Formation along the 
Uinta Mountains is underlain by permeable aquifers of 

and Paleozoic age that may leak water 
o the Duchesne River-Uinta aquifer. Hood 
(1978) characterized ground-water move 

ment in aquifers of Mesozoic and Paleozoic age by
 culation and short flow paths in areas adja 

cent to the Uinta Mountains. Smaller hydraulic con 
ductivity ift deeply buried parts of the Uinta Basin 
limits basin ground-water movement in aquifers of

and Paleozoic age.
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Discharge

Estimates of ground-water discharge to streams 
resulting from model calibration except for the Green 
and Uinta Rivers were not substantially different from 
initial estimates. The total discharge from the Duch- 
esne River-Uinta aquifer to all streams after calibration 
of the model was about 270 ft3/s. Initial estimates of 
ground-water discharge to streams (table 1) obtained 
from an analysis of streamflow records were not 
believed to be accurate; however, varying most dis 
charge estimates during model calibration did not 
improve the comparison between simulated and mea 
sured heads. This poor comparison is significant 
because errors in estimated aquifer discharge cause 
corresponding errors in other model parameters. This 
is because aquifer recharge, transmissivity, and other 
model parameters calculated during calibration are 
expressed in the model as a ratio to aquifer discharge.

Ground-water discharge to the Green and Uinta 
Rivers was estimated during model calibration. As dis 
cussed previously, initial estimates of discharge could 
not be made with confidence because any reasonable 
discharge was less than the accuracy of streamflow 
measurements. However, it was hypothesized that the 
Green River loses water to the Duchesne River-Uinta 
aquifer upstream from the mouth of the White River 
and the Green River gains water from the Duchesne 
River-Uinta aquifer downstream from the White River. 
This hypothesis was tested during model calibration 
and a net loss of about 8 ft3/s from the Green River to 
the Duchesne River-Uinta aquifer was found to be rea 
sonable. Similarly, a gain of about 45 ft3/s to the Uinta 
River from the aquifer was found to be reasonable. 
Estimated ground-water recharge and discharge along 
the Green and Uinta Rivers are given in table 2. The 
standard errors of estimate are large, indicating the 
relation between the Green and Uinta Rivers and the 
Duchesne River-Uinta aquifer is very poorly under 
stood.

Transmissivity

The basin distribution of transmissivity for the 
Duchesne River-Uinta aquifer obtained during model 
calibration, and the standard error of estimate are 
shown in figure 11. The values shown in the figure rep 
resent estimates of basin transmissivity and may sub

Table 2. Ground-water recharge and discharge along the 
Green anti Uinta Rivers estimated during model 
development.

Stream

Uinta Ri\kr

Ground-water 
recharge or 
discharge (-) 
(cubic feet 

per second)

-44.6

Standard 
error 

(cubic feet 
per second)

35.0

Green Ri ver upstream 9.4 
from Vftiite River

Green River downstream -0.95 
from Vftrite River

obtained

31.3 

1.2

stantially differ from estimates of transmissivity
from aquifer tests.

Large areas of the Duchesne River-Uinta aquifer 
are characterized by a transmissivity of about 
4,400 ft2)d; however, the standard error of this estimate 
varies significantly. The central part of the model area, 
subarea 2, is characterized by a large standard error of 
estimate^-about 1,600 ft2/d. This may be a reflection of
the great
better de inition of local flow systems. Subarea 6,
north of

r density of water-level data and resulting

he White River is characterized by an even
larger standard error of estimate about 15,000 ft2/d. 
The smal 1 standard error in the southern part of the 
model area, subarea 1, is about 450 ft2/d, possibly due 
to a scantily of data.

Tr^nsmissivity within the Duchesne fault zone 
(subarea 3) probably is less than within adjacent areas. 
However, this conclusion is tentative because the stan 
dard error of estimate for this subarea is nearly as large 
as the transmissivity value. The hypotheses of anisot- 
ropy and large transmissivity within the Duchesne fault 
zone were tested during model calibration but did not 
improve the model. The model insensitivity may be 
due to a (ack of water-level data within the fault zone.

Transmissivity in the western part of the model 
area, subarea 5, is less than in the southern part, 
subarea i, and central part, subarea 2. Faults are com 
mon in tne western part of the model area, as are local 
flow systems. The smaller basin transmissivity may be 
a reflection of the large component of local flow. 
Transmissivity at a local scale may be significantly dif 
ferent fr(j)m transmissivity at a basin scale. Faults may 
act as boundary conditions for local flow systems and
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given in the following table. Number is subarea 
designation.

Aquifer Transmissivity Standard error 
subarea (feet squared per day) (feet squared per day)

1
2
3
4
5
6

4,400
4,400
610

2,200
2,400
4,500

450
1,600
440
240
480

15,000

Figure 11 . Basin distribution of transmissivity for the Duchesne River-Uinta aquifer.
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A map plot of residuals and wells, where water-
surements were available (fig. 13), indicated 
ated hydraulic head along Lake Fork River is

level me* 
that simu
consistently underestimated. This error in calculated 
heads has resulted in compensating positive residuals 
both east and west of Lake Fork River. The discrep 
ancy may be due to unmapped and unmodeled glacial 
outwash deposits that provide locally important
recharge water to Lake Fork River and form a local
flow system. Areally distributed recharge along Lake 
Fork River was not included in the model of the Duch- 
esne River-Uinta aquifer because the hypothesized
recharge

that basin 
discharge 
figures 6

only represents a local condition.
In {ill other areas of the model of the Duchesne 

River-Uinta aquifer, the map plot of residuals showed
variations in transmissivity, recharge, and 
are adequately described. Although 

and 8 show that significant local deviations
from basin trends are common, basin variations can be 
described by relatively few model parameters. As 
figure 11 shows, only six values of transmissivity were 
needed to calibrate the model. Future investigations 
directed toward reducing the magnitude of residuals 
will need to emphasize the role of local flow systems in 
the Duchesne River-Uinta aquifer.

restrict basin movement of water. This restriction 
would effectively reduce basin transmissivity.

Transmissivity also is less along the Uinta 
Mountains resulting in relatively steep hydraulic gradi 
ents compared to the central part of the basin. The 
Uinta Formation is absent in this area, and the Duch 
esne River-Uinta aquifer may be thinner than in areas 
farther south. The standard error of estimated trans 
missivity also is small, possibly due to data scarcity.

Comparison of Simulation Results with 
Measured Water-Level Data

One method for evaluating results of the simula 
tions is to compare calculated hydraulic head with 
measured water-level data. Model-calculated hydrau 
lic head in the Duchesne River-Uinta aquifer compares 
favorably with measured water-level data based on a 
large value of the coefficient of determination, 0.97. 
This means that 97 percent of the variance in the mea 
sured heads was simulated.

The standard error of calculated head, a measure 
of overall model fit, is 187 ft. The standard deviation 
of measured water levels separated by a distance equal 
to the model-node spacing (fig. 6) is 212 ft. By this cri 
terion the model of the Duchesne River-Uinta aquifer 
is considered to be reasonable. Contours of the simu 
lated hydraulic head are shown on figure 12.

Residuals, the difference between calculated and 
measured water levels, also were analyzed to evaluate 
the adequacy of the flow model. A.model adequately 
describes ground-water flow if the distribution of resid 
uals is approximately random with a mean of zero. If 
the residuals show definite areal patterns then addi 
tional calibration may be needed. Graphical proce 
dures described by Draper and Smith (1966, p. 86-99) 
and visual analysis of the results were used. Visual 
analysis is an adequate method for detecting trends in 
residuals because the Duchesne River-Uinta aquifer 
model is not intended to be used as a predictive tool.

A graph of residuals plotted as a function of 
model-calculated hydraulic head showed the distribu 
tion of residuals to be approximately random. The 
variance of residuals did not appear to increase or 
decrease as a function of calculated head. Residuals 
also appeared to be distributed with a mean of approx 
imately zero. When calculated, the mean residual was 
8 ft. This is not significantly different from zero.
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Figure 12. Simulated hydraulic-head contours for the Duchesne River-Uinta aquifer.
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SUMMARY

The Duchesne River-Uinta aquifer, comprised of 
the Duchesne River and Uinta Formations, is an impor 
tant basin aquifer in the Uinta Basin of Utah and Colo 
rado. The aquifer consists of about 8,000 ft of 
variegated red shale, thinly bedded calcareous shale, 
siltstone, sandstone, and conglomerate. The Parachute 
Creek Member of the Green River Formation forms a 
relatively impermeable bottom for the Duchesne 
River-Uinta aquifer.

Ground water in the Duchesne River-Uinta aqui 
fer is present within a complex system of shallow 
water-table, perched, and deep artesian conditions. 
Ground-water recharge is derived from precipitation 
and from seepage losses from canals and streams. 
Ground-water discharge is from the Duchesne River- 
Uinta aquifer into the thin alluvial deposits along the 
major streams and ultimately into the stream channels.

The potentiometric surface of the Duchesne 
River-Uinta aquifer indicates basin variations in 
hydraulic head and can be used to infer directions of 
basin ground-water movement. Analysis of vario- 
grams indicates that the difference in hydraulic head 
expressed by measurement of data points less than 5 mi 
apart is caused by local hydrologic effects. The differ 
ence in hydraulic head expressed by measurement of 
data points separated by 5 to 40 mi is caused by both 
local and basin effects. The difference in hydraulic 
head expressed by measurement of data points greater 
than 40 mi apart is caused by basin effects.

A computer model was developed to simulate 
steady-state ground-water flow in the Duchesne River- 
Uinta aquifer. Calibration of the model was done in a 
step-wise manner, beginning with relatively simple 
distributions of aquifer characteristics and boundary 
conditions, and proceeding to more complex distribu 
tions when simple models proved inadequate. Distri 
butions of aquifer characteristics and boundary 
conditions tested during model calibration were sup 
ported by geologic or hydrologic evidence.

The model of the Duchesne River-Uinta aquifer 
was used to refine estimates of ground-water recharge. 
Recharge to the basin ground-water system in the 
southern part of the model area is less than previously 
calculated, while recharge in areas adjacent to the 
Uinta Mountains is greater. With the exception of the 
Green and Uinta Rivers, estimates of ground-water dis 
charge to streams used during model calibration were 
not significantly different from initial estimates.

The distribution of basin transmissivity for the 
Duchesne River-Uinta aquifer was obtained during 
model calibration. Large areas of the Duchesne River- 
Uinta aquifer are characterized by a transmissivity of 
about 4,400 ft2/d. Transmissivity within the Duchesne 
fault zone and in the western part of the study area 
probably is smaller than in adjacent areas. Along the 
Uinta Mountains, smaller transmissivity has resulted in 
relatively steep hydraulic gradients.

Model-calculated hydraulic head compares 
favorably with measured water-level data. A map of 
the difference of calculated and measured water levels 
shows that basin variations in transmissivity, recharge, 
and discharge are adequately described. Future inves 
tigations will need to emphasize the role of local flow 
systems in the Duchesne River-Uinta aquifer.
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