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GROUND-WATER FLOW IN THE NAVAJO SANDSTONE IN PARTS OF EMERY, GRAND,
CARBON, WAYNE, GARFIELD, AND KANE COUNTIES IN SOUTHEAST UTAH

By Emanuel Weiss

ABSTRACT

Water shortages are expected in the Upper Colorado River Basin because of
increasing water demands. Management of a ground-water resource can be
aided by the use of digital computer models. The initial computer model of
the Upper Colorado River Basin Regional Aquifer-System Analysis is the two-
dimensional, finite-difference, ground-water flow model discussed in this
report. The aquifer that was modeled is the Navajo Sandstone of Jurassic and
Triassic(?) age, which is located around San Rafael Swell and extends south to
Lake Powell. This aquifer is a widely used source of ground water throughout
most of the Colorado Plateau. Despite undergoing more extensive study and
data collection than most aquifers in the region, it still has many unknown
aspects.

The simulation described herein is a steady-state representation of the
aquifer's flow system, consistent with measured water levels and measured
hydraulic conductivities of 1 to 2 feet per day. Flow is simulated from San
Rafael Knob, a major recharge area, to the north and south around San Rafael
Swell to the east side of the swell. No recharge enters the east rim of San
Rafael Swell. The largest amount of recharge enters exposed Navajo Sandstone
at Waterpocket fold. Ground water from Waterpocket fold moves south toward
the Colorado River and east toward Dirty Devil Canyon discharging at these two
locations. All simulated flows, recharge, and discharge are quantified.

Sensitivity of the simulated flow to changes within the range of
uncertainty of hydraulic-conductivity distribution, recharge, and boundary
flow is reported. Large uncertainties in quantity and location of recharge
make the simulation most sensitive to these two factors. Because there are
not enough hydraulic-head measurements west of San Rafael Swell, the model is
insensitive to a switch of recharge from San Rafael Knob to the Wasatch
Plateau. Error in the simulation due to grid size is estimated. The error
due to grid size is comparable to the differences between simulated hydraulic
heads and measured hydraulic heads; consequently, additional simulation
refinement is worthless.

One of the assumptions included in the model is that the ground water is
of constant density. The validity of this assumption was investigated for the
area of greatest density variation; the assumption was found to create no
larger change in flow than other hydrologic uncertainties in this area.



INTRODUCTION

Earlier studies determined that the Navajo Sandstone supplied water to
many parts of the Colorado Plateau, a part of the Upper Colorado River Basin
(Marine, 1962). Later development near Caineville indicated that large quan-
tities of water potentially could be obtained from the Navajo Sandstone.
Approximately 3,000 gal/min came from two wells near Caineville (Hood and
Danielson, 1979).

This report discusses the initial aquifer simulation in the Upper
Colorado River Basin Regional Aquifer-System Analysis (RASA). A part of the
ground-water system, the Navajo aquifer in southeast Utah (fig. 1), was
selected for modeling because it is one of the better-studied and most-used
aquifers. The quantity, availability, and distribution of hydrologic data in
southeast Utah for the Navajo aquifer is still inadequate to build an unambi-
guous model. The area of study includes natural hydrologic boundaries over 70
percent of its perimeter.

Purpose and Scope

Drought and periods having large precipitation change the quantity and
flow patterns of ground-water systems. Withdrawals by development and injec-
tion for storage also change ground-water systems. The model described here
can be used to estimate the effects of these changes on the ground-water
system in the Navajo Sandstone, but a model with smaller grid cells should be
used when errors of 70 ft in predicted water levels or errors of 50 percent in
recharge and discharge cannot be tolerated. It should be noted that no upper
bound on the error inherent in the model has been established, but an error
estimate of 70 ft in water levels and 50 to 75 percent in recharge and
discharge is presented.

Ground water from the Navajo Sandstone is used moderately by municipal,
mining, and agricultural interests. Because of moderate development, drilling
for petroleum, and scientific drilling investigations, aquifer characteristics
have been defined, and potential reservoirs of ground water have been
discovered. To organize these data into a consistent picture of the ground-
water system and to investigate the sensitivity of this picture to the
uncertainty in data, a model study was begun. Most of the aquifers are in
approximate hydrologic equilibrium, and for this condition a steady-state
model is appropriate. Because large-scale ground-water development in the
region is not planned, simulation of effects of future stresses on the ground-
water system is quite speculative and is not described in this report.

Steady-state simulation assumes that influx and efflux for all aquifer
elements are equal and that there is no change in storage. The resultant
simulation represents the flow balance and available measured water levels and
measured hydraulic conductivities of the flow system. Unfortunately, to
achieve even an ambiguous picture of the flow system requires more input data
than are commonly available. Therefore, estimates and interpolations of
hydrologic data need to be made. The result of the modeling effort may or may
not decrease the initial uncertainty in the estimates and interpolationms.
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Figure 1.--Location of modeled area and lines of stratigraphic cross sections.



Sensitivity of the flow pattern to these uncertainties can be determined by
model test runs. If a more accurate picture of the flow pattern is desired,
then onsite measurements can be made of the hydrologic characteristics to
which the model is most sensitive. By using these new onsite measurements in
the model, the uncertainty in the initial flow pattern can be reduced. In
this way, the model can be an evolutionary product that gives not only a
picture of the ground-water flow system but also an indication of the most
important unknown characteristics.

HYDROLOGY

The modeled area is about 7,000 mi? located in the Colorado Plateau in
southeast Utah. It is approximately bounded by the Price River on the north,
the Colorado River on the south, the Green River on the east, and the Wasatch
Plateau and Waterpocket fold on the west (fig. 1). It is a sparsely populated
area of fewer than 5,000 people and has only very small quantities of ground
water tapped for municipal, mining, and irrigation uses.

Climate ranges from arid to semiarid. At lower altitudes, annual precip-
itation is less than 6 in.; at higher altitudes, precipitation ranges from 6
to 10 in./yr (fig. 2). In the mountains, annual precipitation can exceed 20
in./yr. Precipitation is quite variable; some snow or rain results from
frontal storms from November through April, and the rest of the precipitation
results from summer thunderstorms. This variable precipitation causes flow in
perennial, intermittent, and ephemeral rivers and streams in the area. The
Fremont River, Oak Creek, and Pleasant Creek are the only perennial streams.
Muddy Creek and the San Rafael River are intermittent due to agricultural
diversion of some of their tributaries during summer.

The headwaters typically are in shallow gullies only a few feet wide and
have gradients similar to those of the hill slopes on which they are
developed. The low humidity in the region causes some channels to be deep
near their headwaters. Streams probably provide recharge where they first
cross the outcrop of a permeable rock unit; but where they leave the outcrop
the stream surface could be below the water level in the nearby aquifer, and
ground water might discharge at the channel surface.

At lower altitudes, some channels cut by surface-water flows become
canyons and extend for miles at depths hundreds of feet below the Navajo
Sandstone permitting spring flow, evaporation, and transpiration from the
canyon walls. Lowland canyons, such as the Dirty Devil River Canyon and the
Colorado River Canyon, are sites of large ground-water discharge.

Precipitation infiltrating exposed outcrops is a means of ground-water
recharge. The type of precipitation affects the amount of infiltration.
The most favorable conditions for recharge are steady precipitation of long
duration, low temperatures, and low evaporation. Such conditions occur at
some of the higher altitudes. Fissured rocks occur in abundance in the Henry
Mountains from Mount Ellen to Mount Ellsworth where, although the area of
exposed Navajo Sandstone is small, recharge leaking through fissures in the
overlying rock can be an important source of water for the Navajo Sandstone.


















































































































