
































































































































Table 7. Summary of hydraulic conductivity estimates from the ground-water flow model

[--, no data]
Range of hydraulic conductivity, in feet per day
Simulated Measured
Geohydrologic unit Vertical Horizontal Horizontal
Bridger aquifer 0.00001 0.09-0.9 0.03 - 420
Laney aquifer .00001 - 17.3 .04-173 2-1,400
Wilkins Peak and Tipton confining units! .00001 .00009 --
New Fork aquifer .1 6.5 2-20
Wasatch zone of the Wasatch-Fort Union aquifer 001-4 .04-6.5 .03-2,100
Fort Union zone of the Wasatch-Fort Union aquifer .00001 - .01 .00001 - .3 .02 - 1,100

IThese values were used in the part of the confining bed modeled as a layer.

bration was continued until the simulated stream-aqui-
fer leakage was approximately equal to the estimated
stream-aquifer leakage. As stated above, additional
simulations achieved a better match between the simu-
lated and measured heads, but resulted in a poorer
match between simulated and estimated stream-aquifer
leakage.

The second part of the sensitivity analysis con-
sisted of systematically changing the input calibrated
hydraulic conductivity to determine the effect on the
output of simulated hydraulic heads and output simu-
lated stream-aquifer leakage. Hydraulic conductivities
were first increased and then decreased by 50 percent.
Simulation model runs were made in which first, hori-
zontal hydraulic conductivity; second, vertical hydrau-
lic conductivity; and third, both horizontal and vertical
hydraulic conductivity were changed. Results of the
second part of the sensitivity analysis in terms of the
RMS deviation in hydraulic head by layer are listed in
table 8. Results of the second part of the sensitivity
analysis in terms of ground-water discharge to streams
are listed in table 9.

Although the total ground-water discharge to
stream reaches was not greatly affected by changing
hydraulic conductivities (table 9), recharge to or dis-
charge from individual cells along the streams was
affected. Generally, simulations in which vertical
hydraulic conductivity was increased displayed indi-
vidual cells in which large quantities of water were
recharged to the aquifer or aquifer zone and also cells
in which large quantities of water were discharged to
the stream. This sensitivity could not be evaluated dur-
ing calibration because recharge and discharge along

parts of the different stream reaches were not individu-
ally measured.

The hydraulic conductivity of the calibrated
model is a result of an approximate balance between
simulated and interpolated heads and simulated and
estimated stream-aquifer leakage that are in reasonable
agreement. The calibrated simulation has a reasonable
match to water-level data throughout the modeled area.
However, matching a potentiometric surface does not
yield a unique areal distribution of ground-water flow.
Either areal hydraulic conductivity distribution or
recharge should be known in more detail to lessen the
uncertainty. In this case, both factors contain a consid-
erable degree of uncertainty.

Use and Limitations of the Model

The model was used to estimate values of effec-
tive basin hydraulic conductivity in the four aquifers
simulated. Calibration of the flow model produced a
reasonable, but not necessarily unique, distribution of
hydraulic conductivities. Simulated values generally
were within the range of values estimated from aquifer-
test data. Effective basin values of hydraulic conduc-
tivity were not necessarily the same as those for local
ground-water systems because the simulated basin
flow system was at a larger geographic scale and might
not have been sensitive to changes of hydraulic con-
ductivity in areas dominated by local ground-water
systems. For example, large local variations in aquifer
or aquifer zone properties were diminished in the basin
model because the aquifer or aquifer zone properties
are averaged over the larger area represented by the
model cells.
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Table 8. Effects of changing the calibrated hydraulic conductivity on simulated hydraulic heads as indicated by the
root-mean-square deviation

Root-mean-square hydraulic-head deviation, in feet, for indicated
multiple of horizontal (Kh) and vertical (Kv) hydraulic conductivity

0.5 Kh 1.5Kh
Calibrated and and
Layer Kh and Kv 0.5Kh 0.5Kv 0.5 Kv 1.5Kh 1.5Kv 1.5Kv
1 212 312 215 386 | 254 215 262
2 266 394 286 446 228 259 224
3 231 314 228 313 220 233 221
4 143 288 129 278 145 154 151
5 164 173 174 274 185 161 178
All 205 318 212 335 199 205 199

Table 9. Effects of changing calibrated hydraulic conductivity on ground-water discharge to streams
|

Estimated Ground-water discharge, in cubiﬁ feet per second, for indicated multiple of horizontal

ground- (Kh) and vertical (Kv) hydraulic conductivity
water
discharge 0.5 Kh 1.5Kh
(cubic feet  Calibrated and and
Stream reach per second) Kh and Kv 0.5 Kh 0.5 Kv 0.5 Kv 1.5Kh 1.5 Kv 1.5 Kv
Green River upstream 94 98 98 97 98 97 98 98
from Fontenelle |
Reservoir
Green River between 23 23 14 22 13 31 24 33

Fontenelle Reservoir
and the town of Green
River, Wyoming

Green River downstream 13 14 13 14 13 16 15 16
from the town of
Green River, Wyoming

including Flaming

Gorge Reservoir
Big Sandy River 17 12 22 14 23 3 11 2
Henrys Fork, Blacks 7 9 9 9 9 8 9 8

Fork, Smiths Fork!,
and Hams Fork

INet ground-water discharge to streams after combining ground-water discharge to Henrys Fork and streamflow leakage to aquifers from
Blacks Fork, Smiths Fork, and Hams Fork.
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The large node spacing (approximately 3 miles)
limits the use of this flow model to basin-wide studies.
Even so, knowledge about the ground-water-flow sys-
tem gained from this basin-wide study should be bene-
ficial if used as the basis for more detailed studies of
local areas in the Green River Basin. Information
obtained about recharge, discharge, and movement
between aquifers and aquifer zones will be useful as a
basis in planning future local studies. Finally, head dis-
tributions derived from this model should be useful as
boundary information for future smaller area models in
the Green River Basin.

SUMMARY

The ground-water system in the Tertiary rocks of
the Green River Structural Basin was studied as part of
the Regional Aquifer System Analysis program of the
U.S. Geological Survey. The purpose of the study was
to classify and map basin aquifers, describe hydrologic
and geochemical characteristics of flow, and quantita-
tively analyze basin flow systems under steady-state
conditions. Accomplishing such a purpose was com-
pleted by quantifying and analyzing the geology and
geohydrology of the area and by simulating the
ground-water flow with a steady-state computer model.

The Bridger Formation is an aquifer in the south-
ern part of the Green River Basin. Hydraulic conduc-
tivity is smaller in nonfractured parts of the Bridger
aquifer where the ground-water resource has not been
developed. Flow-model estimates of Bridger aquifer
hydraulic conductivity range from 0.09 to 0.9 feet per
day. Ground-water movement in the Bridger aquifer
primarily is horizontal. Significant vertical leakage
into deeper aquifers occurs only along the Uinta Moun-
tain front where the underlying Green River Formation
is conglomeratic. Ground water in the Bridger aquifer
flows from recharge areas along the Uinta Mountains to
the north and northeast and discharges to Smiths Fork,
Blacks Fork, and the Green River.

The Laney Member of the Green River Forma-
tion is classified as an aquifer in this report but acts as
a confining unit where buried by the Bridger aquifer.
Fractures and solution channels near the Big Sandy
River make the Laney Member a highly productive
aquifer in that area. Hydraulic conductivity in the frac-
tured part of the aquifer is estimated to be about
17.3 feet per day. Estimates of Laney aquifer hydraulic
conductivity from the calibrated flow model range
from 0.04 to 0.4 feet per day where the Laney is not
fractured and acts as a confining unit. Most ground
water that enters the Laney aquifer is derived from

upward leakage from the New Fork aquifer in the cen-
tral part of the Green River Basin and from irrigation
recharge in the Farson-Eden, Wyoming area. Virtually
no water leaks upward to the Laney aquifer in areas
underlain by bedded trona deposits of the Wilkins Peak
confining unit. Most discharge from the Laney aquifer
is along the Big Sandy River and the Green River
between Fontenelle and Flaming Gorge Reservoirs.

The Wilkins Peak Member of the Green River
Formation is a significant basin confining unit. Bedded
trona deposits in the southern half of the Green River
Basin prevent vertical movement of water through the
Wilkins Peak confining unit.

The New Fork Tongue of the Wasatch Formation
is a sandstone aquifer located in the northern part of the
Green River Basin between the Wilkins Peak and Tip-
ton Shale Members of the Green River Formation. The
New Fork aquifer thins to the south and is absent near
the town of Green River, Wyoming. Ground water
enters the New Fork aquifer from recharge areas adja-
cent to the Wind River Range and by upward leakage
through the Tipton Shale from the underlying Wasatch
aquifer. Water in the New Fork aquifer moves in a
southerly direction and discharges by upward leakage
to the Laney aquifer. Hydraulic conductivity of the
New Fork aquifer was estimated from the calibrated
simulation model to be 6.5 feet per day.

The Tipton Shale Member of the Green River
Formation forms a relatively thin confining unit
between the New Fork aquifer, above, and the Wasatch
zone of the Wasatch-Fort Union aquifer, below. In the
southern Green River Basin, where the New Fork aqui-
fer is absent, the Tipton Shale confining unit is verti-
cally contiguous with the underlying Wilkins Peak
confining unit.

The main body of the Wasatch Formation is a
thick sequence of fluvial sandy shale and siltstone with
varying amounts of sandstone. There are extensive
areas where thick permeable sandstones are at or near
land surface in the northern Green River Basin. The
amount of sandstone generally decreases, resulting in
less permeable rocks in the southern part of the Green
River Basin, where the Wasatch is buried under the
Bridger and Green River Formations. Hydraulic con-
ductivity in the Wasatch zone of the Wasatch-Fort
Union aquifer ranges from 0.04 to 6.5 feet per day, as
estimated by the calibrated model.

Ground water in the Wasatch zone follows short,
long, and basin flow paths. Short flow paths are the
shallow flow paths where the Wasatch zone is at land
surface along ihe basin margins. Long flow paths occur
from recharge areas adjacent to the Wind River Range
and the Overthrust Belt to discharge areas along the
Green and New Fork Rivers in the northern Green
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River Basin. Basin ground-water flow paths occur in

deep parts of the Wasatch zone and where the Wasatch
is overlain by the Tipton Shale confining unit. Gener-
ally, water percolates downward from shallow parts of
the Wasatch zone in the northern part of the basin and
flows horizontally toward the south. Flaming Gorge is
the principal discharge area for water following basin

flow paths.

The Fort Union Formation is lithologically simi-
lar to the Wasatch Formation and consists of fluvial
sandstones and siltstones. The Fort Union zone of the
Wasatch-Fort Union aquifer is less permeable than the
overlying Wasatch zone because it is located at greater
depth and stratigraphically beneath the Wasatch zone.
Hydraulic conductivity values in the Fort Union zone
of the Wasatch-Fort Union aquifer range from 0.00001
to 0.3 feet per day, as estimated by the calibrated
model.

Ground-water movement in the Fort Union zone
is similar to movement in the overlying Wasatch zone.
Recharge occurs around the basin margins from infil-
tration of precipitation and as downward leakage from
the overlying Wasatch zone. Water moves along short,
long, and basin flow paths toward the center of the
basin where it is discharged by upward leakage into the
overlying Wasatch zone in the southern part of the
basin.

Recharge to aquifers in the Green River Basin
occurs primarily in outcrop areas by infiltration of pre-
cipitation and infiltration of snowmelt runoff from
adjacent mountain ranges. Very little recharge occurs
in the central part of the basin because of smaller
amounts of precipitation at the lower elevations and
large evapotranspiration rates. Infiltration of excess
irrigation water in the Farson-Eden, Wyoming area is
an additional source of recharge. Total ground-water
recharge is estimated to be about 165 cubic feet per sec-
ond.

Streams are major areas of basin ground-water
discharge for aquifers in Tertiary rocks in the Green
River Basin. Base-flow statistics for stream-gaging
stations and flow-model analysis were used to quantify
discharge. Net ground-water discharge to streams is
estimated to be about 163 cubic feet per second.

A computer model was developed to simulate
steady-state ground-water flow in the aquifers in Ter-
tiary rocks of the Green River Basin. Basin geohydro-
logic characteristics of the aquifers in Tertiary rocks are
described by the calibrated flow model. Values for
aquifer properties were adjusted using a trial-and-error
process until an acceptable match was obtained
between the measured and simulated hydraulic heads
and between the measured and simulated stream-aqui-
fer water budgets in the five layers of the model. The
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flow model was used to refine the conceptual mode! of
ground-water recharge and to estimate effective basin
values of hydraulic conductivity.
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