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ABSTRACT

Moab and Spanish Valleys are two contiguous valleys in
southeastern Utah, herein referred to as Moab-Spanish Val-
ley. Moab-Spanish Valley is a semirural area in Grand and
San Juan Counties that is experiencing an increase in resi-
dential development.  While most of the development in the
Grand County portion of Moab-Spanish Valley is on a com-
munity sewer system, development in the San Juan County
portion uses septic tank soil-absorption systems for waste-
water disposal.  Many of these septic-tank systems are on
valley-fill deposits that are a drinking-water aquifer for the
area.  The purpose of our study is to provide tools for water-
resource management and land-use planning; to accomplish
this purpose we (1) characterize the relationship of geology
to ground-water conditions in the Glen Canyon and the
unconsolidated valley-fill aquifers, (2) classify the ground-
water quality of the Glen Canyon (east of the valley only)
and valley-fill aquifers to formally identify and document the
beneficial use of ground-water resources, and (3) apply a
ground-water flow model using a mass balance approach to
determine the potential impact of projected increased num-
bers of septic-tank systems on water quality in the valley-fill
aquifer and thereby recommend appropriate septic-system
density requirements to limit water-quality degradation.  

Moab-Spanish Valley is part of a regionally extensive,
collapsed salt anticline; high-angle normal faults that devel-
oped as a result of this collapse are present along both mar-
gins of Moab-Spanish Valley, and the Moab fault lies buried
along the axis of the valley. Geologic units in the Moab-
Spanish Valley area include Pennsylvanian, Permian, Trias-
sic, Jurassic, and Cretaceous sedimentary rocks; Tertiary
igneous intrusive rocks; and Quaternary unconsolidated sed-
iments. Most ground water in the Moab-Spanish Valley area
comes from one of two aquifer systems—the Glen Canyon
aquifer, which consists of the Wingate, Kayenta, and Navajo
Formations, or the unconsolidated valley-fill aquifer.  

Most public water supply is from the Glen Canyon
aquifer, which is separated into two structural compartments
by the Moab fault beneath Moab-Spanish Valley.  The Glen
Canyon Group ranges in thickness from about 330 feet (100
m) south and southeast of Moab to about 1300 feet (400 m)

beneath southeastern Moab-Spanish Valley.  The Glen
Canyon Group is absent in the subsurface near Moab in the
northwestern end of Moab-Spanish Valley.  Most ground-
water flow in the Glen Canyon aquifer is through rock frac-
tures (joints and faults).  

Based on our analysis of bedrock outcrop data, joint ori-
entation at most sites is bimodal, although eight of 25 out-
crop sites have a unimodal joint orientation.  Most joints are
steeply dipping (greater than 65°) with a northwest-striking
primary joint set and a northeast-striking secondary joint set.
Based on our analysis of lineaments from aerial photography,
which correspond to laterally continuous joint zones, we
define six lineament domains based on lineament orientation,
length, geometry, and interrelation between lineaments.
Most lineaments trend northwest, and lineament trends are
strongly unimodal and less variable than joint trends meas-
ured at outcrops.  Joint and lineament orientations and densi-
ties indicate increased permeability parallel to the valley axis
due to joints and joint zones.  Valley-margin normal faults,
where present, may reduce permeability perpendicular to the
valley axis.

Once the most important source of culinary water in
Moab-Spanish Valley, the valley-fill aquifer is now primari-
ly used for domestic and agricultural purposes.  The valley
fill of Moab-Spanish Valley consists mainly of stream, allu-
vial-fan, mass-movement, and wind-blown deposits that are
more than 400 feet (120 m) thick near the Colorado River
northwest of Moab.  The valley fill thins to about 100 feet
(30 m) over a concealed bedrock high southeast of Moab and
then thickens to more than 300 feet (90 m) beneath south-
eastern Moab-Spanish Valley.  The valley fill generally lacks
extensive fine-grained layers and the valley floor and sur-
rounding bedrock are classified as primary recharge areas.

Utah’s ground-water quality classes are based mostly on
total-dissolved-solids (TDS) concentrations as follows:
Class IA (Pristine), less than 500 mg/L; Class II (Drinking
Water Quality), 500 to less than 3000 mg/L; Class III (Lim-
ited Use), 3000 to less than 10,000 mg/L; and Class IV
(Saline), 10,000 mg/L and greater.  The Glen Canyon aquifer,
northeast of Moab-Spanish Valley, generally yields ground
water of Pristine quality as TDS concentrations are predom-
inantly below 500 mg/L.  Ground-water quality data com-
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piled from 24 water wells completed in the Glen Canyon
aquifer in the Moab-Spanish Valley area indicate 83 percent
of the Glen Canyon aquifer samples had TDS concentrations
of less than 250 mg/L. Ground-water quality in the Glen
Canyon aquifer along the northeastern margin of Moab-
Spanish Valley has been designated a Sole Source Aquifer by
the U.S. Environmental Protection Agency, and is therefore
classified as Class IB, Irreplaceable ground water; this is one
of two classes in the Utah Water Quality Board ground-water
quality classification system that is not based on TDS con-
centrations.  

Ground water in the valley-fill aquifer is classified as
Class IA (Pristine; 13 percent) and Class II (Drinking Water
Quality; 87 percent), based on data from ground water from
72 wells and one Pack Creek sample analyzed between 1968
and 2004 by the U.S. Geological Survey, Utah Division of
Environmental Quality, the Utah Department of Agriculture
and Food, public-water suppliers, and the Utah Geological
Survey.  Class II ground water predominates throughout
most of the valley.  Class IA ground water is generally con-
fined to the northeastern margin of Moab-Spanish Valley
where recharge from the sandstone aquifer to the valley-fill
aquifer occurs.  Total-dissolved-solids concentrations in
Moab-Spanish Valley’s valley-fill aquifer range from 140 to
1818 mg/L, and average 690 mg/L.  Nitrate-as-nitrogen con-
centrations in Moab-Spanish Valley’s valley-fill aquifer,
based on analyses of ground-water samples from 72 wells,
range from 0.06 to 7.37 mg/L, with an average (background)
nitrate concentration of 2.1 mg/L.

Nitrogen in the form of nitrate is one of the principal
indicators of pollution from septic-tank-soil absorption sys-
tems.  To provide recommended septic-system densities, we
used a mass-balance approach in which the nitrogen mass
from projected additional septic tanks is added to the current
nitrogen mass and then diluted with ground-water flow avail-
able for mixing plus the water added by the septic-tank sys-
tems themselves.  Ground water available for mixing was
calculated using a regional, three-dimensional, steady-state,
ground-water flow model.  Our ground-water flow analysis
using a mass-balance approach indicates that two categories
of recommended maximum septic-system densities are
appropriate for development using septic-tank soil-absorp-
tion systems for wastewater disposal: 10 and 20 acres per
system (4 hm2/system and 8 hm2/system); these recommend-
ed maximum septic-system densities are based on hydrogeo-
logic parameters incorporated in the ground-water flow sim-
ulation and geographically divided into three ground-water
flow domains on the basis of flow-volume similarities.

INTRODUCTION

Moab and Spanish Valleys (figure 1) are two contiguous
valleys in southeastern Utah, referred to as Moab-Spanish
Valley.  Moab-Spanish Valley is a semirural area in Grand
and San Juan Counties that is experiencing an increase in res-
idential development.  Water-resource managers need a bet-
ter understanding of the relationship of geology to ground-
water conditions to better appropriate and manage water
rights within the area.  Additionally, while most of the devel-
opment in the Grand County portion of Moab-Spanish Valley
is on a community sewer system, development in the San

Juan County portion uses septic-tank soil-absorption systems
for wastewater disposal.  These septic-tank systems are on
valley-fill deposits that are a major drinking-water aquifer
for the area.  Preservation of ground-water quality and the
potential for ground-water quality degradation are critical
issues that should be considered in determining the extent
and nature of future development in Moab-Spanish Valley.
Local government officials in Moab-Spanish Valley have
expressed concern about the potential impact that develop-
ment may have on ground-water quality, particularly devel-
opment that uses septic-tank soil-absorption systems for
wastewater disposal.  Local government officials would like
to formally identify current ground-water quality to provide
a basis for defendable land-use regulations to protect ground-
water quality; they would also like a scientific basis for
determining recommended densities for septic-tank systems
as a land-use planning tool.

Purpose and Scope

The purpose of this study is to provide tools for water-
resource management and land-use planning; to accomplish
this purpose we (1) characterize the relationship of geology
to ground-water conditions in the Glen Canyon and the
unconsolidated valley-fill aquifers, (2) classify the ground-
water quality of the Glen Canyon (east of the valley only)
and valley-fill aquifers to formally identify and document the
beneficial use of ground-water resources, and (3) apply a
ground-water flow model using a mass balance approach to
determine the potential impact of projected increased num-
bers of septic-tank systems on water quality in the valley-fill
aquifer, and thereby recommend appropriate septic-system
density requirements to limit water-quality degradation.  The
latter two study components will provide land-use planners
with tools to use in approving new development in a manner
that will be protective of ground-water quality.

Geologic Framework Characterization

The relationship of geology to ground-water conditions
was characterized by:

(1) conducting a literature search and reviewing
geologic maps and reports for the study area; 

(2) compiling a geologic map of the study area
from existing maps by Doelling (2001, 2004);  

(3) examining outcrops of the Glen Canyon
Group in the field; 

(4) evaluating drillers’ logs of water wells com-
pleted in the Glen Canyon Group, unconsoli-
dated valley fill, and other geologic units; 

(5) constructing cross sections showing geologic
relationships across the study area using the
compiled geologic map, dips of bedding
planes measured in the field, pre-existing
studies of the Moab fault, water- and petrole-
um-well data, and gravity data; 

(6) using scan-line techniques, measuring defor-
mation band, fault, and joint characteristics
(orientation, aperture width, fracture filling,
spacing) at Glen Canyon Group outcrops; 

(7) mapping lineaments (which correspond to
joint zones and major fractures) using aerial
photos and satellite imagery;
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(8) calculating fracture density and orientation
statistics for both outcrop-scale and remote
data sets; and 

(9) constructing fracture-domain, structure-con-
tour, and isopach maps for the Glen Canyon
Group, and isopach and hydrogeologic setting
(ground-water recharge-/discharge area) maps
for the valley-fill deposits.  Fieldwork was
conducted during the fall of 2004.

Ground-Water Quality Classification

Ground-water quality classes under the Utah Water
Quality Board classification scheme are based largely on
total-dissolved-solids (TDS) concentrations (table 1) (for the
ranges of chemical-constituent concentrations used in this
report, including those for TDS, milligrams per liter [mg/L]
equals parts per million).  If any contaminant exceeds Utah’s
ground-water quality (health) standards (and, if human caus-
ed, cannot be cleaned up within a reasonable time period),
the ground water is classified as Class III, Limited Use
ground water.  Note that Class IB (Irreplaceable ground
water) and Class IC (Ecologically Important ground water)
are not based on TDS concentrations.

To classify the quality of ground water in the Moab-
Spanish Valley valley-fill aquifer, we used ground-water
quality data from the U.S. Geological Survey, Utah Division
of Water Quality, Utah Department of Agriculture and Food,
Utah Geological Survey, and Utah Division of Drinking
Water.  The U.S. Geological Survey and Utah Division of
Water Quality data are from a study conducted by Steiger and
Susong (1997) that was specifically designed to provide the
information (water-quality and recharge-area mapping) nec-
essary for ground-water quality classification.  The well
numbering system used in Utah is presented in appendix A.
Water-quality data are presented in appendix B.

Another component of the classification process is to
document existing and potential pollution sources that may
threaten the public’s drinking-water supply.  We mapped

potential pollution sources (appendix C) based on Utah’s
Drinking Water Source Protection Rules.

Septic-Tank Density/Water-Quality Degradation
Analysis

To provide recommended septic-tank densities for
Moab-Spanish Valley using the mass-balance approach to
evaluate potential water-quality degradation, we used the
digital ground-water flow simulation of Downs and Kovacs
(2000), modified using data from an aquifer test we conduct-
ed in 2002, to estimate ground-water flow in the valley fill
available for mixing (dilution).  We then (1) grouped areas
into three ground-water flow domains (geographic areas with
similar characteristics of flow volume per unit area); (2)
determined area acreage, ground-water flow volumes, num-
ber of existing septic-tank systems, and ambient (back-
ground) nitrate concentrations for each domain; and (3) cal-
culated, using the appropriate amount of wastewater and
accompanying nitrogen load introduced per septic-tank sys-
tem, projected nitrogen loadings in each domain based on
increasing numbers of septic-tank soil-absorption systems.
By limiting allowable degradation of ground-water nitrate
concentration to 1 mg/L (the amount of water-quality degra-
dation determined to be acceptable by local government offi-
cials), we were then able to derive septic-tank density recom-
mendations for each domain.

Location and Geography

Moab-Spanish Valley is a northwest-trending valley in
the Colorado Plateau physiographic province (Stokes, 1977),
and is about 14 miles (23 km) long and averages 1.25 miles
(2 km) wide with an area of about 18 square miles (47 km2)
(figure 1).  The rectilinear valley is an elongate, crag-walled
trough bounded on the northeast and southwest by sandstone
mesas and cuestas.  Moab-Spanish Valley ranges in elevation
from about 3950 feet (1200 m) at the Colorado River near
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Ground-Water Quality Class TDS Concentration Beneficial Use

Class IA/IB1/IC2 less than 500 mg/L3 Pristine/Irreplaceable/
Ecologically Important

Class II 500 to less than 3000 mg/L Drinking Water4

Class III 3000 to less than 10,000 mg/L Limited Use5

Class IV 10,000 mg/L and greater Saline6

1Irreplaceable ground water (class IB) is a source of water for a community public drinking-water system for which no other reliable supply 
of comparable quality and quantity is available due to economic or institutional constraints; it is a ground-water quality class that is not 
based on TDS.

2Ecologically Important ground water (class IC) is a source of ground-water discharge important to the continued existence of wildlife habitat;
it is a ground-water quality class that is not based on TDS.

3For concentrations less than 7000 mg/L, mg/L is about equal to parts per million (ppm).
4Water having TDS concentrations in the upper range of this class must generally undergo some treatment before being used as drinking 

water. 
5Generally used for industrial purposes. 
6May have economic value as brine.

Table 1. Ground-water quality classes under the Utah Water Quality Board’s total-dissolved-solids- (TDS) based classification system (modified
from Utah Division of Water Quality, 1998).



The Portal in the northwest to about 6100 feet (1860 m) in
the upper reaches of Pack Creek within valley-fill material
(figure 1); the drainage basin reaches 12,646 feet (3855 m) in
elevation at Mount Mellenthin to the east of the study area.

Moab-Spanish Valley is in the 144 square-mile (373
km2) drainage basin for Mill and Pack Creeks on the west
side of the La Sal Mountains to the east of the study area
(Sumsion, 1971).  Mill and Pack Creeks and their tributaries
flow west and northwestward from the La Sal Mountains into
Moab-Spanish Valley and, ultimately, the Colorado River,
which cuts the northwest end of Moab-Spanish Valley at The
Portal (figure 1).  Mill and Pack Creeks are perennial
streams, but parts of the Pack Creek channel are dry except
during periods of heavy runoff because flow is diverted for
irrigation (Sumsion, 1971).  Pack Creek enters Moab-Span-
ish Valley at its southeast end and flows generally northwest.
The diversion for Pack Creek is located just below the cross-
ing of the road to Pack Creek Ranch south of the Loop Road;
the diversion ditch crosses under the Loop Road, travels west
on its north side, then flows north into Kens Lake (Lance
Christie, Grand County resident, written communication,
May 28, 2003).  Mill Creek enters the valley near Moab and
flows across the valley-fill deposits for about 2.5 miles (4
km) before it is joined by Pack Creek on the west side of
Moab.  Mill Creek is a gaining stream throughout its length;
Pack Creek is a gaining stream just north of Kerby Lane after
a long, dry stretch; the old diversion fed a now-abandoned
ditch west of the now-abandoned airport in San Juan County
and along its lower reaches below Moab Old City Park (fig-
ure 1) (Lance Christie, written communication, May 28, 2003).

Population and Land Use

Moab-Spanish Valley is an increasingly popular site for
vacation and retirement homes, and a growing tourist indus-
try provides employment for many valley residents.  The
result is population growth and a decrease in agricultural
land use.  Moab-Spanish Valley includes Moab, the County
Seat of Grand County, and a portion of unincorporated San
Juan County.  In 2000, the population of Moab was 4779, and
the population of all unincorporated areas of San Juan Coun-
ty was 9293 (Demographic and Economic Analysis Section,
2001); by 2030, these populations are expected to increase to
5719 and 10,923, respectively (Demographic and Economic
Analysis Section, 2000).

Climate

Average annual precipitation in the Moab-Spanish Val-
ley drainage basin increases with altitude and ranges from
about 8 inches (20 cm) at the Colorado River to more than 30
inches (76 cm) in the La Sal Mountains (Blanchard, 1990).
The Moab weather station, at an elevation of 4021 feet
(1,226 m), provides the following information (Ashcroft and
others, 1992).  Normal annual precipitation from 1961 to
1990 was 9.00 inches (22.9 cm).  Summer precipitation is
typically in the form of brief, localized, intense thunder-
storms, whereas winter precipitation is of longer duration,
less localized and intense, and falls primarily as snow at
higher elevations (Blanchard, 1990).  Temperature ranges
from a record high of 114°F (45.6°C) to a record low of -29°F
(-33.9°C) for the 1893 to 1992 period of the weather station’s

existence.  Normal mean annual temperature from 1961 to
1990 was 56.8°F (13.8°C).  Average annual evapotranspira-
tion was 6.3 times greater than precipitation for the period of
record.  Because of the brevity of precipitation events and
higher evapotranspiration rates in the summer, most recharge
to ground-water aquifers takes place during spring snowmelt
(Blanchard, 1990).

PREVIOUS INVESTIGATIONS

Geologic mapping in the Moab-Spanish Valley area
includes Weir and others (1961), Doelling (1985, 2001,
2004), and Doelling and others (1995, 2002).  Hydrogeolog-
ic studies relevant to Moab-Spanish Valley were conducted
by Sumsion (1971), Weir and others (1983), Blanchard
(1990), Freethey and Cordy (1991), Steiger and Susong
(1997), Eisinger and Lowe (1999), and Downs and Kovacs
(2000).  Steiger and Susong’s (1997) study was specifically
conducted to provide data needed for ground-water quality
classification.

GEOLOGIC SETTING

Introduction

Structurally, Moab-Spanish Valley is part of a regionally
extensive, collapsed salt anticline (figure 2) (Doelling and
others, 2002).  The Pennsylvanian Paradox Formation, which
underlies the Paradox basin region, contains thick salt layers
deposited under marine conditions (Hintze, 1988).  As these
salt layers were buried by younger sediments, they became
mobile and formed a diapir under present-day Moab-Spanish
Valley.  Due to differences in the specific gravity of salt and
bedrock, the diapir rose, folding overlying rocks into an anti-
cline.  The subsequent uplift of the Colorado Plateau in the
late Tertiary resulted in high rates of erosion and allowed
ground and surface water to contact and dissolve the salt lay-
ers from the core of the anticline (Doelling and others, 2002).
Subsequently, the overlying rock strata collapsed and eroded,
forming the inverted topography of Moab-Spanish Valley in
the core of the anticline.  High-angle normal fault systems
that developed as a result of the collapse of the salt diapir are
present along both margins of Moab-Spanish Valley (Doel-
ling and others, 2002).

Geologic units surrounding Moab-Spanish Valley in-
clude Pennsylvanian, Permian, Triassic, Jurassic, and Creta-
ceous sedimentary rocks (plate 1; appendix D) (Doelling,
2001, 2004; Doelling and others, 2002).  Small outcrops of
Pennsylvanian Paradox Formation caprock (gypsum, gypsif-
erous mudstone, and black shale) exist along the northwest
and northeast margins of Moab-Spanish Valley near Moab.
A limited exposure of sandstone and conglomerate of the
Permian Cutler Formation crops out along the northwest
margin of Moab-Spanish Valley.  Triassic Chinle and Moen-
kopi Formations, undivided, are exposed at the base of the
cliffs in the northwest end of Moab-Spanish Valley northwest
of Moab; the Moenkopi Formation includes sandstone, silty
sandstone, and minor siltstone and conglomerate (Doelling,
2001).  Sandstone, siltstone, conglomeratic sandstone, and
mudstone of the Triassic Chinle Formation are exposed along
both margins the northwest end of Moab-Spanish Valley
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(Doelling, 2001).  The Wingate Sandstone is exposed in the
cliffs above these Triassic units in the northwest two-thirds
of the valley (Doelling, 2001).  Sandstones of the Jurassic
Kayenta and Navajo Formations are exposed in the cliffs
and/or cap the cuestas and mesas in much of the Moab-Span-
ish Valley area (Doelling, 2001).  The Wingate, Kayenta, and
Navajo Formations form the Glen Canyon Group where they
cannot be differentiated (Doelling, 2001), and also form the
Glen Canyon aquifer, an important source of ground water,
especially along the northwest margin of Moab-Spanish Val-
ley.  Younger rock units are exposed in the southeastern end
of Moab-Spanish Valley, including siltstone and sandstone of
the Jurassic Carmel Formation; sandstone and mudstone of
the Jurassic Entrada Sandstone; mudstone, sandstone, and
thin limestone of the Jurassic Morrison Formation; sandstone
and conglomerate of the Cretaceous Burro Canyon Forma-
tion; sandstone and conglomerate of the Cretaceous Dakota
Sandstone; and shale, siltstone, and sandstone of the Creta-
ceous Mancos Shale (Doelling, 2004).

The valley fill of Moab-Spanish Valley consists mainly
of stream, alluvial-fan, mass-movement, and wind-blown
deposits (Doelling, 2001).  Modern alluvium at the northwest
end of Moab-Spanish Valley consists of channel-fill and low
terrace deposits of sand, silt, and clay, with local lenses of
gravel, deposited by the Colorado River (Doelling and oth-
ers, 1995, 2002).  Alluvium along Mill Creek and Pack Creek
consists mainly of silty sand with abundant pebble and cob-
ble gravel in active channels; the gravel clasts include both
locally derived sedimentary rocks and intrusive igneous
rocks from the La Sal Mountains (Doelling and others, 1995,
2002).  Late Pleistocene to early Holocene stream deposits
form the floor of Moab-Spanish Valley and are generally
poorly to well-sorted sand, silt, and clay, with some gravel
lenses; these deposits are up to 30 feet (9 m) thick and con-
tain larger percentages of fine-grained material than the
underlying older alluvium (Doelling and others, 1995, 2002).
Older alluvium consists of river and stream gravels, alluvial-
fan deposits, and possibly some eolian interbeds, and is at
least 406 feet (124 m) and possibly up to 450 feet (137 m)
thick (Doelling and others, 1995, 2002).  Alluvial-fan
deposits form apron-like slopes along the northwest and
southeast sides of Moab-Spanish Valley and consist mainly
of poorly sorted, generally unstratified, muddy to sandy cob-
ble gravel with boulders common in the upper reaches of the
fans (Doelling and others, 1995, 2002).  Talus and colluvium,
consisting of rock-fall blocks, angular boulders, gravel, sand,
silt, and clay exist along steep slopes below most cliffs in the
study area (Doelling and others, 1995, 2002), and landslide
deposits are mapped in the far southeast end of the valley
(Weir and others, 1961; Doelling, 2004); landslide composi-
tion depends on the nature of the geologic unit from which
slide material is derived.  Well-sorted, unstratified to cross-
bedded windblown sand deposits cover surfaces and fill hol-
lows at many locations along the margins of Moab-Spanish
Valley (Weir and others, 1961; Doelling, 2001, 2004).

Structural Framework

Introduction

The rocks of the Glen Canyon Group are structurally
compartmentalized across the study area.  Previous work on

the Moab fault northwest of the study area reported the fault
and its attendant structural features to be a barrier to trans-
verse fluid flow (Foxford and others, 1996; Davatzes and
Aydin, 2003, 2005).  In Moab-Spanish Valley, the Moab fault
lies buried beneath valley-fill deposits and juxtaposes the
Glen Canyon Group against varying bedrock lithologies
along its trace (plates 1, 2, and 3) (Olig and others, 1996;
Foxford and others, 1996; Doelling and others, 2002;
Doelling, 2004).  Maximum offset across the Moab fault be-
neath Moab-Spanish Valley is estimated at 1000 feet (300
m); average offset may be less than this, or approximately
650 feet (200 m) (Foxford and others, 1996; Olig and others,
1996).   The Moab fault trace defines two primary structural
compartments of Moab-Spanish Valley (plate 2).  A third
bedrock compartment consisting of rocks dipping southwest
into the Kings Bottom syncline is evident but will not be dis-
cussed in detail because its lies entirely outside of Moab-
Spanish Valley.  Plate 2 summarizes the structural compart-
ments of Moab-Spanish Valley and displays fracture-site data
discussed in the “Outcrop Joint Data and Analysis” section.

Bedrock is likely hydrologically compartmentalized
across the trace of the Moab fault, beneath Moab-Spanish
Valley.  However, valley fill is contiguous across the trace of
the Moab fault overlying both hanging-wall and footwall
rocks.  Flow paths, which may be impeded between rocks of
the Glen Canyon Group across the Moab Fault, may there-
fore exist via the overlying valley fill.

Structural Compartment A

Hanging-wall bedrock northeast of the Moab fault forms
the principal structural compartment (structural compartment
a) of the study area.  Northeast of the Moab fault, a zone of
structurally contiguous Glen Canyon Group bedrock extends
along the length of Moab-Spanish Valley from Pack Creek
Canyon nearly to Moab (plate 2).  Fluid flow may be inhib-
ited across several northwest-striking valley margin normal
faults near Moab including the Kayenta Heights fault (plate
2).   Other small, northwest-striking normal faults may local-
ly affect flow across hanging-wall rocks along the southeast
margin of Moab-Spanish Valley.  Smaller normal faults and
their effect on rock mass permeability are discussed in the
“Fracture Control on Ground Water” section.

Structural Compartment B

Along the southwest valley margin, a continuous zone of
small-offset, down-to-the-northeast normal faults and small
valley-parallel folds separates rocks in the immediate foot-
wall of the Moab fault from contiguous exposures of the
Glen Canyon Group which dip into the Kings Bottom syn-
cline (plate 2) (Doelling and others, 2002).   These faults and
the Moab fault to the northeast define a bedrock structural
compartment (structural compartment b) along the western
half of Spanish Valley.

Cross Sections and Glen Canyon Group Geometry

Cross sections drawn at right angles to the axis of Moab-
Spanish Valley show synclinal bedrock geometry trending
along the valley axis southeast of Moab in Triassic and
younger rocks (plate 3).  Slip on the Moab fault, differential
salt movement, and salt dissolution, has produced much of
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this geometry.   Underlying salts of the Paradox Formation
form a salt anticline or wall. Constraints on all units below
the Wingate Sandstone are few beneath Spanish Valley.  All
thicknesses are assumed based on correlation with existing
mapping, sparse well data, and other regional studies
(Doelling, 1981, 2002; Foxford and others, 1996; Ge and
others, 1996).  Offset for the buried section of the Moab fault
is assumed to be approximately 650 to 820 feet (200-250 m)
based on cross sections and seismic data (Olig and others,
1996).  The fault is also assumed to sole into salts of the
Paradox Formation within 1.2 to 1.6 miles (2-2.5 km) of the
land surface (Olig and others, 1996).  Explanation of data
and constraints used to create the cross sections are present-
ed in appendix E.

Cross section J to J′ shows the geometry of the Moab
fault hanging-wall rocks along the extent of Moab-Spanish
Valley (plate 3).  This speculative cross section shows the
inferred geometry of the Glen Canyon Group just northeast
of the Moab fault trace.  Depth to top of the Glen Canyon
Group northeast of the Moab fault trace decreases northwest
of the Pack Creek syncline, and then remains relatively con-
stant beneath much of Spanish Valley before decreasing
again near Moab over the Moab anticline.  Folding and uplift
over the salt-cored Moab anticline and its subsequent erosion
have removed the Glen Canyon Group from the subsurface
near Moab where Quaternary valley fill rests directly on the
insoluble cap rock of the Pennsylvanian Paradox Formation
(Doelling and others, 2002).

Changes in depth of the Glen Canyon Group are appar-
ent along the axis of Moab-Spanish Valley (plates 3 and 4).
Depth of the Glen Canyon Group is greatest along the Pack
Creek syncline.  To the northwest the Glen Canyon Group
directly underlies unconsolidated valley fill beneath much of
Spanish Valley. The Glen Canyon Group is absent in the sub-
surface near Moab and beneath the northwest end of Moab-
Spanish Valley where valley fill rests directly on the Triassic-
age rocks and the Paradox Formation caprock at the core of
the Moab anticline (Doelling and others, 2002).  In the foot-
wall rocks southwest of the trace of the Moab fault, the top
of the Glen Canyon Group deepens towards the Moab fault
beneath the valley fill.

Thickness of the Glen Canyon Group

Thickness of the Glen Canyon Group varies across exist-
ing salt structures near the study area (Doelling and others,
1988).  Previous mapping and limited well data near and
beneath Moab-Spanish Valley show relatively uniform thick-
ness of the Glen Canyon Group at least along the southeast
portion of Spanish Valley. Structural geometry and subse-
quent erosion control thickness of Glen Canyon Group rocks
beneath Moab-Spanish Valley (plate 5).  The Glen Canyon
Group is probably thickest beneath southeastern Spanish Val-
ley in the hanging wall of the Moab fault where unit thick-
ness is assumed to be more than 1300 feet (400 m) (plate 5).
In-place thickness of the Glen Canyon Group is inferred to
be between 330 and 660 feet (100 and 200 m) along the foot-
wall of the Moab fault, beneath southwestern Spanish Valley.
In-place Glen Canyon Group thickness decreases to the
northwest toward Moab, where the Glen Canyon Group is
absent across the crest of the Moab salt-cored anticline
(Doelling and others, 2002).

Fracture Control on Ground Water

Introduction

Analyses of outcrops and information from well logs in
Moab-Spanish Valley indicate the Glen Canyon Group is at
least partially fractured.  Fracturing provides primary control
on aquifer characteristics of the Glen Canyon Group, altering
hydraulic conductivity and effective porosity by several
orders of magnitude (Hood and Patterson, 1984; Freethey
and Cordy, 1991).  High values of hydraulic conductivity
encountered in culinary supply wells along the eastern mar-
gin of Moab-Spanish Valley are attributed to fracturing of the
bedrock aquifer (Eisinger and Lowe, 1999).  Fracture charac-
terization is therefore important in understanding the hydro-
geology of the Glen Canyon Group in Moab-Spanish Valley.
This section describes fracture type, distribution, and charac-
ter as it relates to ground-water conditions in the study area.

Three fracture types—joints and joint zones, faults, and
deformation bands—exist and were examined in the study
area.  Joints are the most prevalent fracture type in the study
area.  The density and orientation of joints and joint zones in
the Glen Canyon Group are quantified, both at outcrop scale
and remotely, using three ortho-rectified imagery sets and
ArcGIS.  Joints at outcrop scale were examined using the
scan line methods of Lapointe and Hudson (1985).  Region-
al scale joint zones were examined using image lineament
analysis techniques after Gustafsson (1994) and Mabee and
others (1994).  Appendix F provides a detailed description of
the methods used to examine joints and joint zones.  Results
of both outcrop joint and regional-scale joint-zone data can
be used to assess the relative importance of these fracture
types on ground-water conditions within the study area.
Joint data and analysis are presented below along with a
qualitative discussion of deformation bands and faults in the
study area and their effect on ground-water conditions.

Joints and Joint Zones

Joints are planar discontinuities or rock fractures that
have separation perpendicular to their plane but no offset
subparallel or parallel across their plane (Pollard and Aydin,
1988).  Scale and lengths of joints may range from microm-
eters to several kilometers.  Joints may be open or infilled
with various minerals and, if open, generally create a pre-
ferred pathway for fluid flow through otherwise intact rock
(Antonellini and Aydin, 1994; Laubach, 2003).  Individual
joints may coalesce into joint zones consisting of discrete
groups of subparallel, closely spaced joints, commonly hav-
ing lengths greater than 330 feet (100 m) and internal frac-
ture densities an order of magnitude greater than adjoining
rock (Antonellini and Aydin, 1994).  Joints may control out-
crop or wellhead scale permeability and hydraulic conductiv-
ity, whereas joint zones may control regional or larger scale
permeability across the study area (Antonellini and Aydin,
1994, 1995; Jourde and others, 2002). Joint and joint-zone
characteristics, including orientation and areal density, corre-
late directly with the hydraulic conductivity and permeabili-
ty of a rock mass (Antonellini and Aydin, 1994, 1995; Zhang
and Sanderson, 1995; Zhang and others, 1996).  To assess
joint and joint-zone characteristics of the Glen Canyon
Group aquifer near Moab-Spanish Valley, we collected and
analyzed outcrop-scale and remote lineament data.
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Outcrop Joint Data and Analysis

Data collected at the outcrop included joint orientation,
trace length, fill type, planarity, joint interrelations, and ter-
mination habit.  Joint density and normalized orientations
were calculated from measured data using the methods of
LaPointe and Hudson (1985).  We examined a total of 25
sites, primarily in the Navajo Sandstone along the northeast
valley margin from just south of Kens Lake to near Moab.
Site locations were chosen based on measurable outcrops,
and proximity to hanging-wall rocks of the Glen Canyon
Group penetrated by nearby wells in Moab-Spanish Valley.
Detailed description of outcrop data acquisition and analysis
is presented in appendix F.

Most joints in the Glen Canyon Group dip steeply
(greater than 65°).  Shallowly dipping (less than 30°) bed-
ding plane joints, while much less numerous, also exist in the
Navajo Sandstone.  Bedding plane joints such as these are
likely closed at depth due to their orientation, and therefore
are not directly relevant to fracture permeability.  Joint dip

can influence the geometric and permeability character of a
joint set, but its effect is not quantified due to a lack of data;
all subsequent data assume vertically dipping joint planes.

Character of jointing including trace length, curvature,
interconnection, and termination vary across all fracture sites
(plate 2, table 2, table F.1).  Some generalizations can, how-
ever, be made for these parameters.  Joint traces are com-
monly straight or just slightly arcuate; shorter joints may
curve into longer joints near their terminations.  Measured
joint trace lengths at outcrop range from 7 cm (2.76 inches)
to over 15 m (49 ft); long joints generally extend beyond the
measurable extent of the outcrop.  The smallest joints meas-
ure less than 0.25 m (0.82 ft) in length, and commonly do not
intercept other joints.  Joints with trace lengths greater than 3
m (9.84 ft) commonly intercept at least two other joints and
therefore are likely more important to permeability than
shorter joints. Mean aperture for all outcrop fracture site is
1.13 mm (0.04 inches).  Joint aperture decreases markedly
with depth and loading and is likely much lower than the
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Table 2. Outcrop joint site summary.

Joint site  N 1 Fracture orientation 2 Average 
aperture 3

Anisotropy 
Factor 4

Fracture 
density 5

(m/m 2)

Fracture 
density 
(ft/ft 2)

1 86 94 (10), 4 (12)  0.5 1.93 2.84 0.87 
2 40 150 (21), 42 (8)  0.9 1.7 0.96 0.29 
3 34 170 (32)  0.9 NA 1.9 0.58 
4 70 128 (14), 176 (8)  0.9 2.4 1.35 0.41 
5 36 22 (28), 113 (12)  0.2 NA 10.36 3.16 
6 55 57 (18), 149 (20)  1.1 1.24 0.66 0.20 
7 38 144 (16), 53 (10)  0.9 1.46 3.93 1.20 
8 94 80 (20) 0.5 2.06 11.62 3.54 
9 45 138 (20), 25 (12)  0.2 1.58 2.74 0.84 
10 61 154 (20)  0.7 1.6 8.65 2.64 
11 47 135 (18), 85 (18), 178 (20)  0.8 1.01 2.64 0.81 
12 40 127 (18)  0.3 NA 2.07 0.63 
13 67 135 (30), 34 (32)  0.4 1.03 1.38 0.42 
14 56 120 (32), 41 (18)  1.3 1.76 1.15 0.35 
15 34 106 (28), 3 (22)  1.5 1.39 3.38 1.03 
16 35 154 (20), 30 (31)  1.9 1.33 1.86 0.57 
17 59 179 (26), 100 (20)  1.6 1.17 8.97 2.74 
18 51 13 (26), 114 (28)  0.7 1.86 13.27 4.04 
19 55 157 (16)  1.7 5.32 3.53 1.08 
20 45 80 (18), 2 (28)  0.9 1.68 2.94 0.90 
21 61 134 (32), 72 (32)  1.5 1.04 7.94 2.42 
22 42 135 (50)  1.4 2.5 3.31 1.01 
23 63 106 (24)  3.3 1.72 3.64 1.11 
24 58 72 (28)  3.1 2.76 4.38 1.34 
25 41 141 (38), 42 (16)  1.1 1.75 1.66 0.51 

all sites  1313 142 (28)  1.1 1.69 2.94 0.90 

(mm)

1Number of joints measured.
2Orientation in azimuth degrees of principal joint sets, uncertainty is in parantheses, primary joint set listed first, 

secondary joint set listed second.
3Average aperture in mm of joints measured at each site.
4Joint anisotropy factor calculated using technique of Zhang and Sanderson (1995), see appendix F for details.

NA indicates sites which have only one scan line and cannot have anisotropy factor calculated.
52-D joint density calculated using technique of LaPoint and Hudson (1985), see appendix F for details.



measured value at depths encountered by wells completed in
the Glen Canyon Group.  Most joints in the study area have
some degree of mineral infilling, most commonly calcite par-
tially lining joint planes; this type of secondary mineral
growth in joints is not likely to significantly alter the perme-
ability characteristics of joint sets (Laubach, 2003).  Miner-
alization within fractures increases towards the Moab fault to
the northwest of the study area, and may reduce fracture per-
meability there (Foxford and others, 1996; Davatzes and
Aydin, 2005).   Beneath Moab-Spanish Valley, fracture min-
eralization may increase towards the trace of the Moab fault,
but this is currently undocumented.

Joint orientations for each site plotted on rose diagrams
are summarized in table 2 and plate 2.  Joint orientation at
many sites is bimodal, displaying an obvious primary joint
set and a less prevalent secondary joint (table 2).  Eight of the
25 sites had unimodal fracture orientation distributions (table
2).   Secondary joint sets commonly have a shorter trace
length and terminate against joints of the primary set.  Mean
outcrop joint strike is northwestly, striking 322°, and 95% of
the data is ±14° of this trend across all sites.   Secondary frac-
ture orientation is commonly northeast-southwest but varies
across the sites examined.  Mean orientation across all sites
best represents background fracture orientation at this scale
in the Glen Canyon Group aquifer.  Site specific orientation
varies and can be inferred from joint data nearest the location
of interest.  The orientation of maximum fracture-based per-
meability roughly parallels the dominant joint trend in many
systems, and therefore these data can represent the preferred
orientation of permeability in the Glen Canyon Group near

each data site.
Because of the potential for sampling bias, an additional

measure of the geometric character of a fracture set is war-
ranted (Zhang and Sanderson, 1995).  A 2-D geometric ani-
sotropy factor for each site, with data from at least two scan
lines, was calculated using the method of Zhang and Sander-
son (1995) (see appendix F for explanation).  This factor pro-
vides an additional measure of the geometric properties of a
fracture set.  Geometric fracture anisotropy ranges from 1.01
to a maximum of 5.32 (table 2, plate 2).  Mean anisotropy
across all sites is 1.69; the long axis of mean anisotropy
ellipse is assumed to parallel mean fracture strike of 322°
(table 2).   The anisotropy value may represent the unit ratio
of maximum and minimum joint-based permeability, with
maximum permeability oriented parallel to the mean or prin-
cipal joint set.

Calculated outcrop joint density spans two orders of
magnitude and shows little correlation with site along the
northeastern margin of Spanish Valley (figure 3).  This dis-
parity may be the result of sampling bias and relatively small
number of sites used for comparison, or may reflect a discon-
nect between outcrop-scale fracturing and regional struc-
tures.  Greater fracture densities are more localized and may
be driven by local interaction with regional joint zones and/
or faults.  Mean joint density is 2.94 m/m2 (0.90 ft/ft2) and
may best represent background levels of jointing in the Glen
Canyon Group.  Local joint density near a given well is like-
ly to be above or below this value and is best taken from the
nearest fracture site and/or additional site-specific fracture
measurements.
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Remote Lineament Data and Analysis

Lineaments were analyzed using a technique modified
from Mabee and others (1994), discussed in detail in appen-
dix F.  Lineaments from the color orthophoto imagery set
were divided into six domains based on orientation, fracture
trace length, lineament interrelations, and geometries (figure
4, table 3). Stereonets of lineament trends are strongly uni-
modal for each domain.  Corresponding joint zones are there-
fore likely to contribute a strong orientation bias to regional
fracture permeability.  Wells encountering joint zones may
have permeability several orders of magnitude greater paral-
lel to joint zone strike than wells that do not intercept joint
zones.  Lineament trends along Moab-Spanish Valley are
dominantly northwesterly, one domain trends northeast (fig-
ure 4).  Wells completed in the Glen Canyon Group along the
eastern margin of Moab-Spanish Valley intersecting joint
zones are likely to have greatly increased hydraulic conduc-
tivity with a spatial maximum oriented to the northwest.

Lineament density distribution near Moab-Spanish Val-
ley is best shown by the lineaments on the color orthophoto
image (figure 5).  Lineament density from the color ortho-
photo imagery ranges from 0 to 0.036 m/m2 (0.011 ft/ft2) and
shows several peaks along Glen Canyon Group exposures
adjoining Moab-Spanish Valley (figures 4, 5).

Comparison of outcrop-scale and photo lineament data
shows little direct correlation of fracture density trends (fig-
ure 3).  High outcrop joint density does not numerically cor-
relate with zones of high lineament density.  Fracture densi-
ties relevant to specific well sites are therefore best taken
from nearby outcrop fracture analysis.  Lineament densities
may alternatively show regional scale zones of relatively
high and low permeability within the Glen Canyon Group
and be relevant to larger scale analysis.  Outcrop site-specif-
ic joint orientation is much more variable than lineament ori-
entation (plate 2).  However, mean outcrop joint orientation
follows mean lineament orientation.  Lineament analysis
may provide relevant fracture orientation data where out-
crop-scale data are lacking but should not be used to estimate
well-scale fracture density.

Deformation Bands

Deformation bands are rock discontinuities that accom-
modate small amounts of shear offset, which commonly form
in high-porosity clastic rocks (Aydin, 1978).   Deformation
bands consist of en echelon to anastamozing tabular bands of
cataclasis and grain size reduction, accommodating several
millimeters to several centimeters of offset (Antonellini and
Aydin, 1994).  Based on previous work north of the study
area, deformation bands have reduced permeability relative
to the host rock mass up to three orders of magnitude, and in
general decrease overall permeability of a rock mass trans-
verse to their plane (Antonelleni and Aydin, 1994).

Deformation bands are uncommon relative to joints
across the exposures of the Glen Canyon Group examined
along the northeast margin of Moab-Spanish Valley.  We
examined them in greater detail at several locations near
Kens Lake in the southeast portion of Spanish Valley.  Sev-
eral of the deformation bands cut and offset preexisting joints
at high angles, suggesting shearing deformation postdates
jointing at least at these locations.  Total joint offset along
deformation bands is 1 to 2 centimeters  (0.4-0.8 inches).

Deformation bands are between 1 millimeter and several
centimeters wide consisting of cataclastically reduced grain
matrix with small intact pieces of the host rock.  Secondary
mineralization of deformation bands commonly consists of
nearly complete calcite cementation of grains within the slip
zone.  Some deformation bands are locally cemented with
secondary hematite, which may cause a greater reduction of
transverse permeability (figure 6).  Deformation bands, al-
though only locally present in the Glen Canyon Group, will
reduce permeability transverse to their strike.  Based on our
study, areas near Kens Lake may warrant further investiga-
tion to quantify the effects of deformation bands on perme-
ability in the Glen Canyon Group aquifer.

Faults

Normal faults exist along the northeast and southwest
margins of Moab-Spanish Valley.  These faults cut all map
units, excluding surficial deposits, and may control the local
hydrologic parameters of the Glen Canyon Group.  Fluid
flow across these faults will be strongly influenced by fault
zone structure and extent (Caine and others, 1996; Shipton
and Cowie, 2001).  To qualitatively assess fault zone struc-
ture, we examined several normal faults cutting interbedded
sandstones and mudstones of the Kayenta Formation along
the northeast valley margin near Moab.  Based on cross-fault
stratigraphic correlations, offset across each of the two faults
examined is several meters.  Both faults have a defined fault
core and damage zone.   Fault cores consist of zones less than
0.5 meters (1.6 ft) wide of intense cataclasis and grain size
reduction and lesser clay gouge, particularly near defined
slip surfaces (figure 6).  Damage zones consisting of frac-
tured and broken rock with little observable offset flank the
fault core in both hanging-wall and footwall rocks.  Damage
zones of heavily jointed host rock extend 1-2 meters (3.3-6.6
ft) outward from the defined fault cores.  Normal faults cut-
ting the relatively homogenous sandstone of the Navajo
Sandstone and upper Glen Canyon Group may have different
fault zone structures, but are also likely to reduce permeabil-
ity transverse to their plane (Shipton and Cowie, 2001).

GROUND-WATER CONDITIONS

Introduction

Ground water in Moab-Spanish Valley occurs in two
types of aquifers:  (1) fractured bedrock, and (2) valley-fill
deposits (figure 7).  The geologic and hydrologic character-
istics of the rock units in the Moab-Spanish Valley drainage
basin are summarized in table 4.  Much of this section is from
Eisinger and Lowe (1999).

Fractured-Rock Aquifers

The Glen Canyon aquifer, the principal fractured-rock
aquifer in the Moab-Spanish Valley area, consists of the
Wingate, Kayenta, and Navajo Formations (Sumsion, 1971).
The Glen Canyon aquifer is the principal source of drinking
water for the Moab-Spanish Valley area (Steiger and Susong,
1997).   Structural and fracture characteristics of each mem-
ber of the Glen Canyon Group are examined and the results
are presented below.
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Figure 4.  Lineament data summary. Color shade is lineament density, for color orthophoto set, calculated using ArcGIS spatial analyst.  Lineament
orientation is unimodal for each domain and trends northwest for the entire data set. 
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Domain Area N1 Orientation Tl Tl Tl Lineament Lineament
(km2) of linements2 max3 min4 mean5 density6 density

(m) (m) (m) (m/m2) (ft/ft)2

A 8.62 1337 127 (1) 1118 4 47 0.035 0.011
B 1.79 566 141 (3) 428 5 45 0.031 0.009
C 2.4 2498 142 (2) 256 4 31 0.032 0.009
D 17.45 306 128 (4) 430 15 72 0.026 0.008
E 4.77 318 154 (5) 278 11 46 0.011 0.003
F 1.53 135 35 (10) 577 15 74 0.026 0.008

1Number of lineaments
2Orientation in azimuth degrees of principal lineament sets, uncertainty is in parantheses  
3Maximum lineament trace length
4Minimum lineament trace length
5Mean lineament trace length
6Maximum lineament density calculated using ArcGIS Spatial Analyst

Table 3. Lineament domain summary
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Figure 5.  Photo lineaments along the northeast margin of Spanish Valley.  Interpreted lineaments are shown in red.  Resolution of color orthophoto
set is < 1 m.  Lineaments commonly correspond to regional joint zones.
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C

B

fault core damage zone

A

SW NE

Figure 6. Fault zones and deformation bands.  A.  View to the northwest of down-to-the-southwest normal fault in the Kayenta Formation showing
a well-defined fault core with significant grain-size reduction and minor clay gouge.  Damage zone is best developed in the footwall rocks with frac-
turing decreasing steadily away from the fault core.  B.  Close-up of fault core and damage zone in Glen Canyon Group.  Total displacement is sev-
eral meters based on offset markers.  Clay gouge is well developed along defined slip surface shown by dashed line.  C.  Calcite-filled joints offset by
late-stage deformation band.  Whereas joints such as these may be an effective fluid purveyor, the deformation band likely inhibits transverse fluid
flow. White arrows indicate joints.
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Occurrence

The Wingate Sandstone and Kayenta Formation: The
Wingate Sandstone is fine grained and well sorted, with
large-scale, high-angle cross-stratification indicative of dep-
osition in an eolian (wind-formed) environment (Sumsion,
1971).  It is typically between 150 and 450 feet (50 and 140
m) thick in the Moab-Arches-La Sal area (Hintze, 1988), and
generally capped by the erosion-resistant Kayenta Formation.

The amount of water that infiltrates into the Wingate
Sandstone is directly related to the permeability and amount
of fracturing in the overlying Kayenta Formation (Blanchard,
1990).  Although the Kayenta Formation is a confining layer
that in most areas of Grand County that separates the
Wingate aquifer from the overlying Navajo aquifer, in the
Moab-Spanish Valley area the Kayenta consists mostly of
sandstone; therefore the three units form the single Glen
Canyon aquifer (Blanchard, 1990; Steiger and Susong, 1997).

The Wingate Sandstone’s intrinsic permeability is low
because of its fine-grained nature, but it is a competent for-
mation that can yield moderate quantities of water where
intensely fractured (Sumsion, 1971).  Spring discharge for
the Wingate ranges from 10 to 240 gallons per minute (0.6-
15 L/s) (Blanchard, 1990).  Estimated hydraulic conductivi-
ty ranges from 0.1 feet per day to 0.4 feet per day (0.03-0.1
m/d), while the Wingate aquifer’s transmissivity ranges
between 40 and 150 square feet per day (4-14 m2/d) (Jobin,
1962, in Blanchard, 1990).
The Navajo Sandstone: The Navajo Sandstone is fine
grained, displays thick, eolian cross-beds, is weakly cement-
ed by silica or calcium carbonate, and is exposed extensive-
ly in southern Grand County as massive cliffs and domes
alternating with small depressions (Sumsion, 1971).  The
Navajo also contains thin, lenticular beds of gray, sandy
limestone (Sumsion, 1971).  The unit is between 0 and 550
feet (0-170 m) thick in the Moab-Arches-La Sal area (Hintze,
1988).

The Navajo aquifer yields water to seeps and springs
throughout its outcrop area.  The Navajo Sandstone is the
shallowest and most permeable formation in the Glen
Canyon Group (Feltis, 1966), and is therefore the target for
most bedrock wells drilled in southern Grand County.  Spring
discharge from the Navajo ranges from less than 5 gallons
per minute to more than 300 gallons per minute (0.3-20 L/s),
and well discharge is as high as 2000 gallons per minute (125
L/s) (Blanchard, 1990).

The Navajo aquifer has the greatest transmissivity values
of the major sandstone units in the Colorado Plateau area
because it is thick, well sorted, and has a relatively high per-
meability (Freethey and Cordy, 1991).  There is a slight in-
crease in average grain size and a slight decrease in cemen-
tation toward the upper parts of the Navajo (Uygur, 1980),
resulting in a corresponding slight upward increase in poros-
ity and hydraulic conductivity (Freethey and Cordy, 1991).
However, secondary permeability due to fractures is still the
most important factor controlling the ability of the formation
to yield water.  The hydraulic conductivity derived from
unfractured core samples of the Navajo in Emery County
ranged from 0.0037 to 5.1 feet per day (0.001-1.5 m/d)
(Hood and Patterson, 1984).  Based on oil well data, Hood
and Patterson (1984) calculated that the hydraulic conductiv-
ity of an open 0.001-inch- (0.003 cm) wide fracture would be

132 feet per day (40 m/d).  However, such a calculation over-
estimates the ability of a fractured-rock aquifer to yield
water.  The highest hydraulic conductivity calculated by
Freethey and Cordy (1991) from aquifer tests was 88 feet per
day (27 m/d) for a 44-foot (13 m) interval of fractured Nava-
jo Sandstone, and values calculated from aquifer tests in
Utah, Arizona, and Colorado were most commonly between
0.1 and 1.0 feet per day (0.03-0.3 m/d).  For the Navajo
aquifer in Grand County, estimated values for transmissivity
range from nearly 0, where the Navajo pinches out in the
east, to almost 700 square feet per day (65 m2/d) in the south-
west; hydraulic conductivity ranges from as low as 0.4 feet
per day (0.1 m/d) in the northeast to 1 foot per day (0.3 m/d)
in the southwest (Jobin, 1962; Blanchard, 1990).

Recharge, Flow Direction, and Discharge

Ground water in the Glen Canyon aquifer is recharged
primarily from infiltration of precipitation and stream flow,
and flows primarily through fractures; the La Sal Mountains
are ultimately the source of most of this recharge (Blanchard,
1990).  The direction of ground-water flow in the Glen Can-
yon aquifer is generally to the west, west-northwest (Blan-
chard, 1990), or southwest (Steiger and Susong, 1997).  Most
of the discharge from the Glen Canyon aquifer in the Moab-
Spanish Valley area is to wells and springs, mostly on the
northeast side of the valley in the vicinity of Moab, to gain-
ing reaches of Mill and Pack Creeks, and as subsurface re-
charge to the valley-fill aquifer (Sumsion, 1971; Blanchard,
1990).

Ground-Water Quality

Wingate Sandstone: Rush and others (1982) reported that
TDS concentrations for nine samples from the Wingate
Sandstone ranged from 164 to 680 mg/L, with an average of
260 mg/L.  One sample from Salt Springs, which discharges
from the base of the Wingate Sandstone, had an unusually
high specific conductance of 3760 micromhos per centimeter
at 25°C (a TDS of about 2670 mg/L), probably due to a long
flow path in a regional flow system (Rush and others, 1982).
Blanchard (1990) reported that three samples from springs
issuing from the Wingate Sandstone had TDS concentrations
ranging from 161 to 174 mg/L, and that a sample from a 765-
feet-deep well in Arches National Park had a TDS concentra-
tion of 280 mg/L.  The Wingate Sandstone typically produces
calcium-magnesium-bicarbonate-type water; however, the
sample from Jackson Reservoir Springs that produced the
680 mg/L value, was characterized as calcium-sulfate-type
water (Weir and others, 1983).

Navajo Sandstone: The Navajo Sandstone generally pro-
duces water with low TDS concentrations due to a low solu-
ble-mineral content and because it has an extensive outcrop
area in southern Grand County that receives recharge from
direct infiltration of precipitation (Rush and others, 1982).
Weir and others (1983) reported that TDS concentrations for
six samples collected from the Navajo Sandstone ranged
from 163 to 505 mg/L, and averaged 275 mg/L.  Blanchard
(1990) reported that water samples from five springs issuing
from the Navajo Sandstone in Grand County had TDS con-
centrations ranging from 102 to 385 mg/L, and that two wells
completed in the Navajo Sandstone had TDS concentrations
of 210 and 360 mg/L.  The Navajo Sandstone typically con-
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tains calcium-bicarbonate- or calcium-magnesium-bicarbon-
ate-type water (Weir and others, 1983; Blanchard, 1990).

Glen Canyon Group, undivided: The Utah Division of
Water Quality, as part of Steiger and Susong’s (1997) study,
sampled wells from the Glen Canyon Group in the Moab-
Spanish Valley area where the Glen Canyon aquifer general-
ly contained water with TDS concentrations of less than 500
mg/L, and where 83 percent of the Glen Canyon aquifer sam-
ples had TDS concentrations of less than 250 mg/L.  Nitrate-
plus-nitrate concentrations in ground water from wells com-
pleted in the Glen Canyon aquifer, based on Steiger and
Susong’s (1997) data ranged from 0.02 to 7.37 mg/L.

Valley-Fill Aquifer

Occurrence

Once the principal source of all ground water used in
Moab-Spanish Valley (Sumsion, 1971), the valley-fill
deposits now provide water used mostly for irrigation and for
some domestic water supply (Steiger and Susong, 1997).
The valley fill, predominately stream alluvium and alluvial-
fan deposits, is 400 to 450 feet (120-140 m) thick in north-
western Moab-Spanish Valley near the Colorado River
(Doelling and others, 1995, 2002).  These deposits were esti-
mated by Sumsion (1971), based on selected drillers’ logs of
water wells, to have a textural composition of about 7 percent
clay, 4 percent silt, 50 percent sand, and 39 percent gravel.
The average thickness of saturated sediments in Moab-Span-
ish Valley is about 70 feet (20 m) (Sumsion, 1971).  Moab-
Spanish Valley had over 200 wells completed in unconsoli-
dated deposits by the late 1960s (Sumsion, 1971); these wells
range in depth from 30 to 300 feet (9-90 m) (Gloyn and oth-
ers, 1995; Lowe, 1996) and have water yields ranging from
8 to 1000 gallons per minute (0.5-60 L/sec) (Sumsion, 1971).
The average transmissivity for the Moab-Spanish Valley val-
ley-fill aquifer is estimated at approximately 10,000 square
feet per day (900 m2/d) (Sumsion, 1971).  Sumsion (1971)
estimated approximately 200,000 acre-feet (250 hm3) of
recoverable water in storage in the Moab-Spanish Valley val-
ley-fill aquifer.

Valley-Fill Geometry and Thickness

Moab-Spanish Valley is floored by Quaternary age
unconsolidated deposits of the valley-fill aquifer. An isopach
map of valley-fill deposits based on water and petroleum
wells shows variable thickness of unconsolidated valley fill
(plate 6).  Near the Colorado River northwest of Moab,
unconsolidated deposits rest directly on caprock of the Para-
dox Formation and are greater than 400 feet (122 m) thick.
Southeast of Moab, valley fill thins to approximately 150
feet (46 m) and lies on Triassic rocks (Doelling and others,
2002; plates 3 and 6).  Throughout the remainder of Spanish
Valley, unconsolidated deposits rest primarily on Middle and
Lower Jurassic rocks including the Glen Canyon Group
(plate 3).   In the central and southeast portions of Spanish
Valley, valley fill is thicker along the valley axis with sever-
al pockets over 200 feet (61 m) thick along strike (plate 6).
Southeast of Kens Lake, valley-fill depth is unconstrained
but is inferred to shallow southeastward along the valley axis
and toward the valley margins.

Hydrogeologic Setting

Introduction: Hydrogeologic setting is delineated on ground-
water recharge-area maps which typically show (1) primary
recharge areas, (2) secondary recharge areas, and (3) dis-
charge areas (Anderson and others, 1994).  For our geo-
graphic information system (GIS) analyses, we assigned
hydrogeologic setting to one of these three categories, illus-
trated schematically in figure 8.  Primary recharge areas,
commonly the uplands and coarse-grained unconsolidated
deposits along basin margins, do not contain thick, continu-
ous, fine grained layers (confining layers) and have a down-
ward ground water gradient.  Secondary recharge areas, com-
monly mountain-front benches, have fine-grained layers
thicker than 20 feet (6 m) and a downward ground-water gra-
dient.  Ground-water discharge areas are generally in basin
lowlands.  Discharge areas for unconfined aquifers occur
where the water table intersects the ground surface to form
springs, seeps, lakes, wetlands, or gaining streams (Lowe and
Snyder, 1996).  Discharge areas for confined aquifers occur
where the ground-water gradient is upward and water dis-
charges to a shallow unconfined aquifer above the upper con-
fining bed, or to a spring.  Water from wells that penetrate
confined aquifers may flow to the surface naturally.  The ex-
tent of both recharge and discharge areas may vary seasonal-
ly and from dry years to wet years.

We used drillers’ logs of 165 water wells in Moab-Span-
ish Valley (appendix G) to delineate recharge areas and dis-
charge areas, based on the presence of confining layers and
relative water levels in the principal and shallow unconfined
aquifers.  Although this technique is useful for acquiring a
general idea of where recharge and discharge areas are like-
ly located, it is subject to a number of limitations.  The use of
drillers’ logs requires interpretation because of the variable
quality of the logs.  Correlation of geology from well logs is
difficult because lithologic descriptions prepared by various
drillers are generalized and commonly inconsistent.  Use of
water level data from well logs is also problematic because
levels in the shallow unconfined aquifer are often not record-
ed and because water levels were measured during different
seasons and years.

Confining layers are any fine-grained (clay and/or silt)
layer thicker than 20 feet (6 m) (Anderson and others, 1994;
Anderson and Susong, 1995).  Some drillers’ logs show both
clay and sand in the same interval, with no information
describing relative percentages; these are not classified as
confining layers (Anderson and others, 1994).  If both silt
and clay are checked on the log and the word "sandy" is writ-
ten in the remarks column, then the layer is assumed to be a
predominantly clay confining layer (Anderson and others,
1994).  Some drillers’ logs show clay together with gravel,
cobbles, or boulders; these also are not classified as confin-
ing layers, although in some areas of Utah layers of clay con-
taining gravel, cobbles, or boulders do act as confining lay-
ers.

Primary recharge areas for valley-fill aquifer systems
generally consist of the uplands along the margins of the val-
ley, as well as valley fill not containing confining layers (fig-
ure 8).  Ground-water flow in primary recharge areas has a
downward component.  Secondary recharge areas, if present,
are locations where confining layers exist, but ground-water
flow maintains a downward component.  Secondary recharge
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Figure 8. Relative water levels in wells in recharge and discharge areas (modified from Snyder and Lowe, 1998).



areas generally extend toward the center of the valley to the
point where ground-water flow is upward (figure 8).  The
ground-water flow gradient, also called the hydraulic gradi-
ent, is upward when the potentiometric surface of the princi-
pal aquifer system is higher than the water table in the shal-
low unconfined aquifer (Anderson and others, 1994).  Water-
level data for the shallow unconfined aquifer are not abun-
dant, but exist on some well logs.  When the confining layer
extends to the ground surface, secondary recharge areas exist
where the potentiometric surface in the principal aquifer sys-
tem is below the ground surface.

Ground-water discharge areas, if present, generally are
at lower elevations than recharge areas.  In discharge areas,
the water in confined aquifers discharges to the land surface
or to a shallow unconfined aquifer (figure 8).  For this to hap-
pen, the hydraulic head in the principal aquifer system must
be higher than the water table in the shallow unconfined
aquifer.  Otherwise, downward pressure from the shallow
aquifer exceeds the upward pressure from the confined
aquifer, creating a net downward gradient indicative of sec-
ondary recharge areas.  Flowing (artesian) wells, indicative
of discharge areas, are marked on drillers’ logs; some flow-
ing wells are shown on U.S. Geological Survey 7.5-minute
quadrangle maps.  Wells with potentiometric surfaces above
the top of the confining layer can be identified from well
logs.  Surface water, springs, or phreatophytic plants charac-
teristic of wetlands can be another indicator of ground-water
discharge.  In some instances, however, this discharge may
be from a shallow unconfined aquifer. An understanding of
the topography, surficial geology, and ground-water hydrol-
ogy is necessary before using these wetlands to indicate dis-
charge from the principal aquifer system.
Recharge and discharge areas: Most of the unconsolidat-
ed valley-fill in Moab-Spanish Valley and surrounding
uplands are mapped as primary recharge areas (plate 7).
Important primary bedrock recharge zones occur along both
the north and south forks of Mill Creek, extending north and
east towards the peaks of the La Sal Mountains.  Primary
bedrock recharge may also occur where unconsolidated
deposits without confining layers directly overlie fractured
bedrock aquifers beneath Moab-Spanish Valley.  Confining
layers and secondary recharge areas are mapped only locally
near the center of Moab-Spanish Valley and in eastern Moab
(plate 7).  Discharge wells are rare, and discharge areas based
on well logs are not sufficiently areally extensive to map as
a discrete unit.  The valley-fill aquifer begins discharging to
Pack Creek at the northwestern end of Spanish Valley
(Steiger and Susong, 1997), but this discharge area is prima-
rily confined to the stream channel and the extent of the dis-
charge area changes with water levels in the valley-fill
aquifer.  Southeast of the Colorado River, the water table is
at the ground surface (figure 8) and the principal valley-fill
aquifer discharges into wetlands and riparian vegetation
(Sumsion, 1971) of the Moab Slough; this area is mapped as
a discharge area (plate 7).

Potential for water-quality degradation: The potential for
ground-water contamination based solely on recharge-type
mapping is high across much of Moab-Spanish Valley and
the surrounding mesas and bedrock uplands.  Much of the
water in the principal valley-fill aquifer comes from direct
recharge from Mill and Pack Creeks and Kens Lake (Blan-
chard, 1990).  These recharge sources may have relatively

few pollutants, but any pollutants in these sources could rap-
idly degrade ground water in the principal valley-fill aquifer.
A large part of Moab-Spanish Valley is mapped as primary
recharge and has no significant hydrogeologic barriers to
contamination of the principal valley-fill aquifer by pesti-
cides or other water-borne contaminants. The potential for
contamination of fractured bedrock aquifers may be high,
particularly where bedrock aquifers directly underlie areas of
thin valley fill without confining layers along the northeast
margin of Moab-Spanish Valley.  Care must be taken in sit-
ing potential contaminant sources, including septic tanks, in
primary recharge areas where fractured bedrock aquifers
directly underlie unconsolidated valley fill.

Ground-Water Depth, Volume, and Flow Direction

Depth to ground water ranges from near land surface at
the northwest end of Moab-Spanish Valley to over 180 feet
(50 m) at the abandoned Grand County Airport (Sumsion,
1971, plate 2).  Based on an average saturated thickness of
valley fill of 70 feet (20 m) and an estimated specific yield of
0.25, Sumsion (1971) estimated the average volume of
ground water stored in the valley-fill aquifer to be about
200,000 acre-feet (250 hm3).  Ground-water flow in the val-
ley-fill aquifer is generally to the northwest (Steiger and
Susong, 1997).  Sumsion (1971) estimated the hydraulic gra-
dient to be 0.013 to the northwest at the northwest end of
Moab-Spanish Valley; the hydraulic gradient flattens to
about 0.08 at the abandoned Grand County Airport (Sum-
sion, 1971, plate 2).

Recharge and Discharge

Recharge in the La Sal Mountains is ultimately the
source of recharge to the valley-fill aquifer in Moab-Spanish
Valley. Most of the recharge to the valley-fill aquifer is from
springs and subsurface flow from the Glen Canyon aquifer,
principally along the northeast side of the valley (Sumsion,
1971), and from direct precipitation and infiltration of water
from Pack Creek and Kens Lake (Steiger and Susong, 1997).
Sources of discharge in Moab-Spanish Valley include out-
flow to the Colorado River; evapotranspiration by phreato-
phytes and hydrophytes; and consumptive use of ground
water for irrigation, public supply, domestic purposes, and
sewage treatment (Sumsion, 1971).

Ground-Water Quality

Ground-water quality in Moab-Spanish Valley is gener-
ally good and is suitable for most uses.  The Moab-Spanish
Valley unconsolidated aquifer generally yields calcium-
bicarbonate-type or calcium-sulfate-bicarbonate-type ground
water (Sumsion, 1971).  Water salinity is classified based on
concentration of dissolved solids in mg/L as follows:  fresh,
0 to 1000 mg/L; slightly saline, 1000 to 3,000 mg/L; moder-
ately saline, 3000 to 10,000 mg/L; very saline, 10,000 to
35,000 mg/L; and briny, more than 35,000 mg/L (U.S. Geo-
logical Survey, 2006).

Sumsion (1971) reported samples collected from nine
wells had TDS concentrations ranging from 169 to 1020
mg/L.  Steiger and Susong (1997) reported that samples from
more than 20 wells completed in the unconsolidated aquifer
in Moab-Spanish Valley had TDS concentrations ranging
from 260 to 1818 mg/L, and that 86 percent of the samples
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had TDS concentrations of less than 1000 mg/L.  The water
in the Moab-Spanish Valley unconsolidated aquifer is gener-
ally of poorer quality than water in the Glen Canyon aquifer
(Steiger and Susong, 1997), and mixing of water from this
fractured-rock aquifer tends to decrease TDS concentrations
in the unconsolidated aquifer as ground water in the valley
fill flows from southeast to northwest (Sumsion, 1971).

Sumsion (1971) reported nitrate concentrations in the
Moab-Spanish Valley unconsolidated aquifer of up to 26
mg/L, more than twice the ground-water quality (health)
standard of 10 mg/L (U.S. Environmental Protection Agency,
2002a).  Steiger and Susong (1997) reported that dissolved
nitrate-plus-nitrite concentrations for ground water in Moab-
Spanish Valley ranged from 0.04 to 5.87 mg/L, and suggest-
ed nitrate-plus-nitrite concentrations of greater than 3 mg/L
in an area in the central portion of the valley resulted from
human activities.  This is an area where domestic wastewater
is or, until recently, was disposed of using septic-tank soil-
absorption systems.

GROUND-WATER QUALITY
CLASSIFICATION

Introduction

Ground-water quality classification, based primarily on
TDS (table 1),  is a tool for local governments in Utah to use
for managing potential ground-water contamination sources
and for protecting the quality of their ground-water re-
sources.  Background information on ground-water quality
classification is presented in appendix H.

Results

Data Sources for the Glen Canyon Aquifer

The Utah Geological Survey used ground-water quality
data compiled by Steiger and Susong (1997) from 24 water
wells completed in the undivided Glen Canyon aquifer in the
Moab-Spanish Valley area.  Total-dissolved-solids concen-
trations were typically less than 500 mg/L, and 83 percent of
the Glen Canyon aquifer samples had TDS concentrations of
less than 250 mg/L (appendix B).  Nitrate-plus-nitrate con-
centrations in ground water from wells completed in the Glen
Canyon aquifer, based on Steiger and Susong’s (1997) data,
ranged from 0.02 to 7.37 mg/L (appendix B).  For this
ground-water quality classification, we also obtained maps
from a petition designating the Glen Canyon aquifer a Sole
Source Aquifer in the area east of Moab-Spanish Valley (U.S.
Environmental Protection Agency, 2002b).

Data Sources for the Valley-Fill Aquifer

As part of this ground-water quality classification, the
Utah Geological Survey used data from 72 wells and one sur-
face water site sampled between 1968 and 2004 by the U.S.
Geological Survey and Utah Division of Water Quality (30
wells and one surface-water sample), Utah Department of
Agriculture and Food (13 wells), public-water suppliers
(nine wells), and the Utah Geological Survey (20 wells).  The
U.S. Geological Survey and Utah Division of Water Quality
data are from Steiger and Susong’s (1997) study that was

specifically designed to provide the information (water-qual-
ity and recharge area mapping) necessary for ground-water
quality classification.  Ground water from all 51 of the Utah
Geological Survey/U.S. Geological Survey/Utah Division of
Water Quality wells and one stream sample from Pack Creek
were analyzed for general chemistry and nutrients by the
Utah Department of Epidemiology and Laboratory Services
or the U.S. Geological Survey (appendix B).  Of these 51
wells, ground water from 10 wells was analyzed for organics
and pesticides, and ground water from seven wells was ana-
lyzed for radionuclides (appendix B).  These data were aug-
mented by another 13 wells sampled in September 2000, and
analyzed for specific conductance (except for two wells),
pesticides, and nutrients (appendix B) by the Utah Depart-
ment of Agriculture and Food (Quilter, 2001), and specific-
conductance, TDS concentration, and selected data from
other ground-water constituents from nine wells (four with-
out TDS data) collected from public-supply wells and ana-
lyzed by Utah Department of Epidemiology and Laboratory
Services (appendix B).   The Utah Geological Survey data
were collected as part of this study to extend the sampling
area to the south into San Juan County.
Total-dissolved-solids concentrations: The Utah Water
Quality Board’s drinking-water quality (health) standard for
total dissolved solids is 2000 mg/L for public-supply wells
(table B.2).  The secondary ground-water quality standard is
500 mg/L (U.S. Environmental Protections Agency, 2002a)
(table B.2), and is imposed primarily to minimize imparting
an unpleasant taste to the water (Bjorklund and McGreevy,
1971).  Plate 8 shows the distribution of TDS in Moab-Span-
ish Valley’s valley-fill aquifer; the TDS concentration lines
largely mirror Steiger and Susong (1997) because 15 of the
16 additional wells with TDS data used in this classification
fell within their mapped contours.  Based on data from
ground-water samples from the 63 wells and one surface-
water site, TDS in the valley-fill aquifer of Moab-Spanish
Valley range from 140 to 1818 mg/L, with only four wells
exceeding 1000 mg/L TDS and an overall average TDS con-
centration of 690 mg/L (appendix B, plate 8).

The higher TDS concentrations exist in the central part
of Moab-Spanish Valley on the west side of Pack Creek
(plate 8); the higher TDS concentrations may be due to (1)
upward leakage of higher TDS ground water along the Moab
fault, (2) contact with pre-Jurassic rocks (plate 3, J-J′; plate
5) that contain more soluble materials than the Glen Canyon
Group which underlies the valley fill in most other areas of
Moab-Spanish Valley, or (3) a combination of 1 and 2.  The
lower TDS concentrations found on the east side of Moab-
Spanish Valley (plate 8) are likely the result of higher quali-
ty water discharging from the Glen Canyon aquifer and mix-
ing locally with water in the valley-fill aquifer (Steiger and
Susong, 1997).
Nitrate concentrations: The ground-water quality (health)
standard for nitrate as nitrogen is 10 mg/L (table B.2) (U.S.
Environmental Protection Agency, 2002a).  More than 10
mg/L of nitrate as nitrogen in drinking water can result in a
condition known as methoglobinemia, or “blue baby syn-
drome” (Comley, 1945) in infants under six months.   This
condition is characterized by a reduced ability for blood to
carry oxygen and can be life threatening without immediate
medical attention (U.S. Environmental Protection Agency,
2002a).  Based on data from ground-water samples from 72
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wells, nitrate-as-nitrogen concentrations range from 0.06 to
7.37 mg/L, with 16 wells yielding ground water above 3
mg/L, and an overall average nitrate concentration of 2.1
mg/L (plate 9, appendix B).  Nitrate concentrations above 3
mg/L are mostly in ground water from wells in the central
part of Moab-Spanish Valley, and are likely the result of
human activity (Steiger and Susong, 1997), possibly domes-
tic wastewater disposal via septic-tank systems.

Other constituents: Based on the data presented in appen-
dix B, three wells exceeded primary water-quality standards
for the metals lead, silver, and selenium; four wells exceed-
ed water-quality standards for radionuclides alpha (three
wells), beta (two wells), radium (one well), and uranium (one
well); no pesticides from any of the wells sampled for pesti-
cides were detected (Quilter, 2001).  Sixteen wells exceeded
secondary ground-water quality standards for iron (one well)
and sulfate (15 wells) (appendix B).

The secondary ground-water quality standard for iron is
300 µg/L (table B.2) (U.S. Environmental Protection Ag-
ency, 2002a), primarily to avoid objectionable staining to
plumbing fixtures, other household surfaces, and laundry
(Fetter, 1980; Hem, 1985).  Water high in dissolved iron can
also lead to the growth of iron bacteria which may lead to the
clogging of water mains, recirculating systems, and, some-
times, wells (Driscoll, 1986).  At concentrations over 1.8
mg/L, iron imparts a metallic taste to drinking water (Fetter,
1980).

The secondary ground-water quality standard for sulfate
is 250 mg/L (table B.2) (U.S. Environmental Protection
Agency, 2002a), primarily because of odor/taste problems
and because high-sulfate water can have a laxative effect
(Fetter, 1980).  Dissolved concentrations of sulfate exceed-

ing standards in Moab-Spanish Valley’s principal aquifer
range from 251.5 to 1061 mg/L. Geologic provenance
(source rock for valley-fill sediment) likely is an important
factor determining the distribution of sulfate in the valley-fill
aquifer; metallic sulfides in both igneous and sedimentary
rocks are common sources of sulfur in its reduced form
(Hem, 1985), as is gypsum which occurs in the Paradox For-
mation.

Resulting Ground-Water Quality Classification

Our ground-water quality classification, approved by the
Utah Water Quality Board on November 18, 2005, for the
valley-fill aquifer in Moab-Spanish Valley is shown on plate
10.  The classification is based on data from ground water
from 72 wells and one surface-water site (appendix B).
Total-dissolved-solids concentrations for eleven wells sam-
pled by the Utah Department of Agriculture and Food was
calculated based on the relationship between specific con-
ductance and TDS derived from data from 21 of the wells in
Moab-Spanish Valley for which both values are known (fig-
ure 9, appendix B).  Where insufficient data exists, extrapo-
lation of ground-water quality conditions is required.  We
based the extrapolation on local geologic characteristics.
The classes (plate 10) are described below.
Class IA—Pristine ground water: For this class, TDS con-
centrations in Moab-Spanish Valley range from 140 to 454
mg/L (appendix B).  Class IA areas are mapped primarily
along the central eastern and northeastern margins of the val-
ley where recharge from the Glen Canyon aquifer is suffi-
cient to keep the valley-fill aquifer ground water diluted
below 500 mg/L TDS (plate 10).  Areas having Pristine water
quality cover about 13% of the total valley-fill material.

Figure 9. Specific conductance versus total-dissolved-solids concentration data for 21 wells in Moab-Spanish Valley, Grand and San Juan Counties,
Utah.  R-squared is 0.97.  Based on Hem's (1985) equation for estimating TDS from specific conductance:  KA=S, where K=specific conductance,
S=TDS, A ranges from 0.59 to 0.87 and with an average A=0.71 used as the conversion factor to compute TDS in the valley.



Class II—Drinking Water Quality ground water: For this
class, TDS concentrations in the Moab-Spanish Valley val-
ley-fill aquifer range from 516 to 1818 mg/L (appendix B).
Total valley-fill area coverage of Class II water quality is
87% (plate 10).  We project Class II ground-water quality in
the southeastern part of the valley (plate 10) based on extrap-
olated geologic conditions (plate 1); based on the presence of
the Cretaceous Mancos Shale in the upper part of the valley,
we believe any proposed water wells in valley-fill adjacent to
this unit may potentially yield water quality having TDS con-
centrations between 500 and 3,000 mg/L (Drinking Water
Quality) or greater.

Class IB—Irreplaceable ground water: Also approved by
the Utah Water Quality Board on November 18, 2005, was
the classification of a portion of the Glen Canyon aquifer
(plate 10) as Class IB, Irreplaceable Ground Water.  This
classification is based primarily on the U.S. Environmental
Protection Agency’s (2002b) Soul Source Aquifer designa-
tion for the Glen Canyon aquifer that included this area.
Ground-water data for wells completed in the Glen Canyon
Aquifer along the margin of Moab-Spanish Valley indicate
TDS concentrations are typically less than 500 mg/L (appen-
dix B).

Land-Use Planning Considerations

Current beneficial uses of ground water: Ground water,
much of which is from the valley-fill aquifer, is the most
important source of water in the Moab-Spanish Valley area,
supplying about 79% of municipal, culinary, and industrial
water (Utah Division of Water Resources, 2000).  More than
1500 perfected water well rights exist in Moab-Spanish Val-
ley (Utah Division of Water Rights, 2005), 23 of which are
public-supply wells (plate 10).

Potential for ground-water quality degradation: We map-
ped potential ground-water contaminant sources including
some facilities related to mining, agricultural practices, and
junkyard/salvage areas (appendix C, plate 11).  A primary
objective was to identify potential contaminant sources to
establish a relationship between water quality and land-use
practices.  We mapped approximately 400 potential contam-
inant sources in the following categories in Moab-Spanish
Valley: 

(1) mining, which includes abandoned and active
gravel mining operations and uranium tail-
ings;  

(2) agricultural practices, which consist of irrigated
and non-irrigated farms, active and abandoned
animal feed lots, corrals, stables/barnyards,
and animal wastes that are dominantly pro-
duced from feeding facilities, waste transport-
ed by runoff, and excrement on grazing or pas-
ture land that potentially contribute nitrate;

(3) junkyard/salvage areas that potentially contri-
bute metals, solvents, and petroleum products; 

(4) government facility/equipment storage associat-
ed with a variety of sources such as salt stor-
age facilities, transportation/equipment stor-
age, and mosquito abatement equipment that

may contribute metals, solvents, and petrole-
um;   

(5) cemeteries, nurseries, greenhouses, and a golf
course that may contribute chemical preserva-
tives, fertilizer, and pesticides; and

(6) storage tanks that may contribute pollutants
such as fuel and oil.

In addition to the above-described potential contami-
nants, plates 11 and 12 show the distribution of septic-tank
soil-absorption systems in Moab-Spanish Valley.  Historical-
ly, approximately 1600 septic-tank systems exist in Moab-
Spanish Valley (Jim Adamson, Southeastern Utah District
Health Department, written communication, October, 2002;
Lance Christie, Grand County resident, written communica-
tion, May 28, 2003; Dave Vaughn, Grand County, verbal
communication, March, 2003); the current number is esti-
mated to be approximately 210 (Lance Christie, Grand
County resident, personal communication, July, 2003; Jim
Adamson, personal communication, July, 2003).  In 1979-81,
sanitary sewer services were extended through the Spanish
Valley Water and Sewer Improvement District (SVW&SID)
to an area which had 1314 septic tanks, and extended again
in 1995-97 to an area which had 162 septic tanks.  All build-
ing owners within 600 feet of a sewer line are assessed a
hook-up fee and charged the monthly fee for wastewater
treatment once sanitary sewer services are available (Lance
Christie, Grand County resident, written communication,
May 28, 2003).  Septic-tank systems (plate 11) may con-
tribute contaminants such as nitrate and solvents.  All
approved water wells, shown on plate 10, are also considered
potential contaminant sources.

Possible land-use planning applications of this ground-
water quality classification: Ground-water quality classifi-
cation is a tool that can be used in Utah to manage potential
ground-water contamination sources and protect the quality
of ground-water resources.  As such, the wide range of land-
use planning applications of this tool have not been fully
explored.  Ground-water quality classification has been used
in Heber Valley in Wasatch County and Ogden Valley in
Weber County, in concert with septic-tank density/water-
quality degradation studies (Hansen, Allen, and Luce, Inc.,
1984; Wallace and Lowe, 1998a, 1999), to require the sizes
of lots using septic-tank systems for wastewater disposal to
be at least 5 and 3 acres (2 and 1 hm2), respectively.

Using ground-water quality classification in conjunction
with the septic-tank density/water-quality degradation analy-
sis presented below to set maximum densities for develop-
ment using septic-tank systems for wastewater disposal in
Moab-Spanish Valley is one possible application for the
ground-water quality classification presented above.  Addi-
tional potential uses include using ground-water quality clas-
sification as a basis for prohibiting the dumping of poor qual-
ity water and other liquid or solid wastes into creek beds or
canals and ditches.  Ground-water quality classification can
also be used in conjunction with the existing EPA Sole
Source Aquifer designation of the Glen Canyon sandstone
aquifer to enhance restrictions to the siting of new potential
pollution sources in the valley-fill portion of the Moab-Span-
ish Valley drainage basin.
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SEPTIC-TANK DENSITY/WATER-QUALITY
DEGRADATION ANALYSIS

Introduction

Land-use planners have long used septic tank suitability
maps to determine where wastewater from these systems will
likely percolate within an acceptable range.  However, they
are only now becoming aware that percolation alone does not
remediate many constituents found in wastewater, including
nitrate.  See appendix I for a discussion of ground-water con-
tamination from septic-tank systems.  Ammonium from sep-
tic-tank effluent under aerobic conditions can convert to
nitrate, contaminating ground water and posing potential
health risks to humans (primarily very young infants).  The
U.S. Environmental Protection Agency’s maximum contam-
inant level for drinking water (Utah ground-water quality
standard) for nitrate as nitrogen is 10 mg/L.  With continued
population growth and installation of septic-tank soil-absorp-
tion systems in new developments, the potential for nitrate
contamination will increase.  One way to evaluate the poten-
tial impact of septic tank systems on ground-water quality is
to perform a mass-balance calculation (Hansen, Allen, and
Luce, Inc., 1994; Zhan and McKay, 1998; Lowe and Wal-
lace, 1999c, 1999d; Wallace and Lowe, 1999; Lowe and oth-
ers, 2000).  This type of analysis may be used as a gross
model for evaluating the possible impact of proposed devel-
opments using septic-tank systems for wastewater disposal
on ground-water quality, allowing planners to more effec-
tively determine appropriate average septic-system densities.

A typical single-family septic-tank system in Moab-
Spanish Valley discharges about 242 gallons (916 L) of efflu-
ent per day containing nitrogen (or nitrate as nitrogen) con-
centrations of around 54.4 mg/L.  The U.S. Environmental
Protection Agency maximum contaminant level for drinking
water for nitrate as nitrogen is 10 mg/L.  Therefore, distances
between septic-tank system drain fields and sources of culi-
nary water must be sufficient to allow  dilution of nitrate in
the effluent to levels below the ground-water quality stan-
dard.

We consider nitrate to be the key indicator for use in
determining the number or density of septic-tank systems
that should be allowed in Moab-Spanish Valley.  Projected
nitrate concentrations in all or parts of aquifers can be esti-
mated for increasing septic-tank system densities using a
mass-balance approach.

The Mass-Balance Approach

General Methods

We use a mass-balance approach for water-quality degra-
dation assessments because it has been used elsewhere in the
western United States (Hansen, Allen, and Luce, Inc., 1994;
Wallace and Lowe, 1998a, 1998b, 1998c, 1999; Zhan and
McKay, 1998; Lowe and Wallace, 1999c, 1999d; Lowe and
others, 2000) for land-use planning purposes, is easily ap-
plied, and requires few data.  In the mass-balance approach
to compute projected nitrate concentrations, the average
nitrogen mass expected from projected new septic tanks is
added to the existing, ambient (background) mass of nitrogen
in ground water and then diluted with the known (or estimat-

ed) ground-water flow available for mixing, plus water that
is added to the system by septic tanks.  We used a discharge
of 242 gallons (916 L) of effluent per day for a domestic
home based on a per capita indoor usage of 70 gallons (265
L) per day (Utah Division of Water Resources, 2001b, p. 28)
multiplied by San Juan County’s average 3.46 person house-
hold (U.S. Census Bureau, 2002); most new septic-tank sys-
tems likely to be constructed in Moab-Spanish Valley will
likely be in San Juan County.  We used an estimated nitrogen
loading of 54.4 mg/L of effluent per domestic septic tank for
nitrogen loadings based on:  (1) an average number of peo-
ple per household of 3.46, (2) an average nitrogen loading of
17 g N per capita per day (Kaplan, 1988, p. 149), (3) 265
liters per capita per day water use, and (4) an assumed retain-
ment of 15 percent of the nitrogen in the septic tank (to be
later removed during pumping) (Andreoli and others, 1979,
in Kaplan, 1988, p. 148); this number is close to Bauman and
Schafer’s (1985, in Kaplan, 1988, p. 147) nitrogen (or nitrate
as nitrogen) concentration in septic-tank effluent of 62 ± 21
mg/L based on the averaged means from 20 previous studies.
Ground-water flow available for mixing, the major control
on nitrate concentration in aquifers when using the mass-bal-
ance approach (Lowe and Wallace, 1997), was determined
using the ground-water flow model of Downs and Kovacs
(2000).

Limitations

There are many limitations to any mass-balance ap-
proach (see, for example, Zhan and McKay,1998; Lowe and
Wallace, 1999c, 1999d; Lowe and others, 2000).  We identi-
fy the following limitations to our application of the mass-
balance approach.

(1) Calculations are typically based on a short-
term hydrologic budget, a limited number of
aquifer tests, and limited ground-water gradi-
ent data.  

(2) Background nitrate concentration is attributed
to natural sources, agricultural practices, and
use of septic-tank systems, but projected
nitrate concentrations are based on septic-tank
systems only and do not include nitrate from
other potential sources (such as lawn and gar-
den fertilizer).  

(3) Calculations do not account for localized,
high-concentration nitrate plumes associated
with individual or clustered septic-tank sys-
tems, and also assume that the septic-tank
effluent from existing homes is in a steady-
state condition with the aquifer.

(4) The approach assumes negligible denitrifica-
tion. 

(5) The approach assumes uniform, instantaneous
ground-water mixing for the entire aquifer or
entire mixing zone below the site. 

(6) Calculations do not account for changes in
ground-water conditions due to ground-water
withdrawal from wells (see  ground-water dis-
charge section above).
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(7) Calculations are based on aquifer parameters
that must be extrapolated to larger areas where
they may not be entirely representative.  

(8) Calculations may be based on existing data
that do not represent the entire valley.

Although many caveats apply to this mass-balance ap-
proach, we think it is beneficial in land-use planning because
it provides a general basis for making recommendations for
septic-tank system densities.  In addition, the approach is
cost-effective and easily applied with limited information.

Ground-Water Flow Calculations

Introduction

Due to increasing population growth and concomitant
water use in Moab-Spanish Valley, the Grand County Water
and Sewer Service Agency (GCWSSA) investigated the
effects of increased water use.  As part of the GCWSSA
investigation, a three-dimensional finite-difference ground-
water flow model of the area was developed by Downs and
Kovacs (2000).  We used the GMS ground-water modeling
system (Boss International, Inc. and Brigham Young Univer-
sity, 1999), applied to the regional, three-dimensional,
steady-state MODFLOW (McDonald and Harbaugh, 1988)
model of Downs and Kovacs (2000), to estimate the volume
of ground water available in the saturated, unconsolidated
valley-fill deposits in Moab-Spanish Valley.  We modified
the three-dimensional, finite-difference, numerical model of
ground-water flow in Moab-Spanish Valley by incorporating
additional data we collected to provide a better estimate of
simulated ground-water flow in the unconsolidated valley-
fill, and the amount of water in that aquifer. We realize that
a ground-water flow model is a tool to simulate a simplified
version of a ground-water system, and we acknowledge this
tool may be improved upon by future investigators.

The ground-water flow system in the area extends from
the Colorado River to the surface-water divide in the La Sal
Mountains; however, the model only includes the area imme-
diately surrounding Moab-Spanish Valley.  Downs and
Kovacs (2000) used data from previously published hydroge-
ologic studies in the Moab-Spanish Valley area (Sumsion,
1971; Blanchard 1990) in the construction and calibration of
the model.  Additional data were obtained from Eychaner
(1977).

Downs and Kovacs (2000) identified inflow from the La
Sal Mountains, primarily from runoff and snowmelt, as the
main source of recharge to the Moab-Spanish Valley and esti-
mated subsurface inflow to be about 13,300 acre-feet per
year (16 hm3/yr).  The deposits under Kens Lake are gener-
ally in hydraulic continuity with the lake, and recharge to the
valley-fill aquifer from the infiltration of water through the
bed of the lake was estimated to be about 3300 acre-feet per
year (4 hm3/yr) (Downs and Kovacs (2000).

Ground-water discharge in Moab-Spanish Valley is pri-
marily from seepage to the Colorado River and evapotranspi-
ration in the marshes and wetlands along the Colorado River.
The net gain of flow in the Colorado River from seepage
over the modeled area of Moab-Spanish Valley is 9530 acre-
feet per year (12 hm3/yr) (Downs and Kovacs, 2000).  Dis-
charge from wells used primarily for public-water-supply

purposes is from the rock aquifer, and no wells in the valley-
fill aquifer were modeled.  Downs and Kovacs (2000) esti-
mated discharge from wells and springs to be 6400 acre-feet
per year (8 hm3/yr).  Mill Creek and Pack Creek enter the
valley and flow toward the Colorado River; both are consid-
ered gaining streams where the water table of the valley-fill
aquifer intersects coarse-grained sections of their stream
channels (Sumsion, 1971).  Total discharge of Moab-Spanish
Valley is estimated to be about 17,330 acre-feet per year (20
hm3/yr) (Downs and Kovacs, 2000).

We obtained estimates of hydraulic conductivity for the
ground-water flow system from the published reports listed
above, and from engineering evaluations in Moab-Spanish
Valley.  In the model, the values were then grouped into
zones based upon the nature of the valley-fill materials and
estimates of fracturing in the rock.  In general, we assigned
higher values of hydraulic conductivity for the valley-fill
aquifer to the southeastern part of the valley, which mostly
consists of coarser grained material, and lower values of
hydraulic conductivity to the northern part of the valley,
which consists mostly of finer grained material. We assumed
the fractured rock is structurally complex and highly vari-
able, with some regions more fractured than others.  We
assigned higher values of hydraulic conductivity to the east-
ern side of the valley where the Glen Canyon aquifer readily
yields water to wells.  We obtained hydraulic conductivity
values for the fractured rock from aquifer tests performed in
Moab-Spanish Valley and nearby areas as reported by Blan-
chard (1990).  Downs and Kovak (2000) estimated aquifer
thicknesses based on limited water-well data across the val-
ley.

This conceptual model of Moab-Spanish Valley was
simplified into the numerical model of ground-water flow for
the valley.  These simplifying assumptions for the aquifer,
from the surface downward, are:

• An upper unconsolidated valley-fill aquifer of
variable thickness.  The alluvial sediments consist
of as much as 400 feet (120 m) of poorly sorted
coarse gravel, sand, and silt.  Average thickness of
saturated valley fill is about 70 feet (20 m).  The
thickness of the valley-fill aquifer decreases
toward the mountains. 

• A lower permeable bed that allows ground water
to move vertically through it.  The hydrologic
nature of the contact between the valley-fill sedi-
ments and underlying rock aquifer is unknown,
but assumed to leak substantial amounts of water.

• An extensive lower fractured-sandstone rock
aquifer having an unknown thickness, arbitrarily
designated as 400 feet (120 m).  This aquifer acts
as a single water-bearing unit.

• A solid, impermeable rock base below the frac-
tured rock aquifer.

The steady-state model incorporated averaged hydraulic
characteristics and pumping in Moab-Spanish Valley over
several time periods.  We describe the ground-water flow
model below including our modification.  For additional
model information, see Downs and Kovacs (2000).
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Computer Modeling

We used Downs and Kovacs’ (2000) three-dimensional,
finite-difference, numerical model of ground-water flow for
the aquifer system in Moab-Spanish Valley to provide cell-
by-cell flow data under steady-state conditions for the valley-
fill aquifer.  Downs and Kovacs’ (2000) model provides the
best representation currently available for the Moab-Spanish
Valley valley-fill aquifer.  The model is constructed to repre-
sent a ground-water flow system having no change in storage
or long-term water levels—recharge and discharge from the
system are equal and the system is in a steady-state.

Description of Downs and Kovacs’ (2000) Model

Downs and Kovacs (2000) used the U.S. Geological Sur-
vey modular three-dimensional, finite-difference, ground-
water flow simulator (MODFLOW) (McDonald and Har-
baugh, 1988) to test and refine their conceptual understand-

ing of the flow system in Moab-Spanish Valley.  Because
aquifer characteristics of the Moab-Spanish Valley aquifer
system are not uniform, the aquifer was discretized into rec-
tangular blocks in which the characteristics of the aquifer
system were assumed to be uniform at a node in the center of
each block.  Downs and Kovacs’ (2000) model discretizes
the valley into a non-uniform, quasi-three-dimensional,
node-centered, rectangular grid with variable spacing con-
sisting of 216 rows and 82 columns, with two vertical layers
of cells, a valley-fill layer and a rock layer (figure 10).  The
ground-water flow simulator solves for flow at each node by
using a three-dimensional, finite-difference approximation to
the partial differential equation of ground-water flow.

The rectilinear model grid consists of 17,712 cells per
layer, with 2658 active cells in layer one, and 10,056 active
cells in layer two.  The model grid has a non-uniform grid-
cell spacing ranging between 140 feet by 160 feet (43-49 m)
to 500 feet (152 m) on each side, resulting in cell areas rang-
ing from 22,400 to 250,000 square feet (2,081-23,225 m2).
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The model grid extends beyond the boundary of the valley
fill because the effects of stress on the valley-fill aquifer
extend into valley-margin bedrock aquifers.   This variable
grid spacing was designed for increased detail in areas hav-
ing more data, particularly near Moab and along the north-
east side of the valley.  In general, the largest active cells are
in areas where data are sparse and the smallest cells are in
areas having more data.  The active grid for the valley-fill
aquifer represents an area slightly smaller than the actual
area of unconsolidated valley fill, because some deposits are
not saturated.  The model assumes two-dimensional horizon-
tal flow in the aquifer and one-dimensional vertical flow,
ignoring storage, between layers using a vertical leakance
term.  The y-axis of the model is oriented northwest-south-
east, parallel to the valley axis and ground-water flow direc-
tion.

Ground-surface elevations are from Eychaner (1977).
Elevation values were assigned by selecting cells in the
model along the contours and assigning constant elevation

values to them.  The active cells in layer one cover the major
parts of Moab-Spanish Valley where valley-fill material is
more than 10 feet (3 m) thick.  Layer one, the valley-fill
aquifer layer, has a variable thickness.  In the model, the top
elevations for layer two are the same as the bottom elevations
of layer one.  Layer two represents saturated rock from the
base of the valley-fill deposits to an arbitrary, but constant
thickness of 400 feet (120 m).  The lower boundary of the
model is a no-flow boundary.

The Moab-Spanish Valley model uses assigned general
boundary conditions that simplify the complex hydrologic
system.  Downs and Kovacs (2000) specified the lateral
boundaries surrounding the active cells of the model as con-
stant head, no-flow, or specified flux.  The finite-difference
grid and boundaries used to simulate the valley-fill aquifer
are shown in figure 11.  The northwestern boundary of the
model is a constant-head boundary that simulates the eleva-
tion of the Colorado River (which varies from 3952 feet to
3950 feet [1205-1204 m] based on the long-term average
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stage of the river).  The northeastern and southern boundaries
are modeled as a specified flux boundary receiving ground
water from the La Sal Mountains.  Downs and Kovacs (2000)
specified the southwestern lateral boundary of the model,
along valley wall, as a no-flow boundary coincident with
low-permeability rock.  Public-water-supply wells in the val-
ley are mostly screened in the fractured rock aquifer, and
wells are only modeled in the rock aquifer.  Eight pumping
wells are simulated within the model domain.  Pumping cells
are treated as constant flux nodes, where average daily
pumpage rates are assigned.

Downs and Kovaks (2000) used a specified-flux bound-
ary for the upper boundary of the model by applying the
recharge and drain packages of MODFLOW to simulate the
infiltration of precipitation and discharge of ground water for
layer one.  Recharge of precipitation has a nonuniform distri-
bution that was based on analysis of surface material, adjust-
ed for evapotranspiration.  In the model, recharge of the
Moab-Spanish Valley valley-fill aquifer ranges from 0.06
inches per year (0.2 cm/yr) in the northwest to 0.5 inches per
year (1.3 cm/yr) in the southeast.  The area-weighted average
recharge over the model is 0.25 inches (0.6 cm).  Pack and
Mill Creeks are modeled as drains in the model.  Drains in
the model receive ground water if the water table is above
drain elevation; water exits permanently from the aquifer to
the drain.  If the water table is below the drain elevation, the
drain has no effect.  Values of conductance per unit length for
Pack and Mill Creek drain cells are estimated by multiplying
the hydraulic conductivity in the area by an average four-foot
width of the channel.  The conductance value is computed for
each cell by multiplying the computed length of creek in
each cell by the assigned conductance per unit length.  Drains
also represent springs.  Kens Lake is considered a major
source of recharge to the valley-fill aquifer. Kens Lake is
modeled as a general head boundary and adjusted so that the
lake loses about 3300 acre feet per year (4 hm3/yr).

Initially, Downs and Kovacs (2000) used a distribution
of hydraulic conductivity with lower values in the northeast
and higher hydraulic conductivities to the southwest; this
pattern was maintained through the calibration.  The vertical
hydraulic conductivity values were assigned a value of one-
fourth of the horizontal hydraulic conductivity values, due to
layering effects.  Initial hydraulic conductivity values of
layer two were estimated based on aquifer-test data for the
fractured-rock aquifer.  Horizontal or vertical hydraulic con-
ductivity within the fractured-rock aquifer are considered to
be equal, since fracturing, not layering, largely controls water
flow. The vertical leakance term connecting layers one and
two was based on the hydraulic conductivities assigned to
layer one.  The vertical leakage used to represent confining
units in the model was calculated based on the vertical
hydraulic conductivity determined by comparing simulated
vertical-head differences between layers.

Model Calibration

Calibration of a ground-water flow model involves
changing the values of aquifer properties, or the quantity and
distribution of recharge and discharge, or both, until model-
calculated water levels match measured water levels and
fluxes of water through the system.  This iterative process
requires adjusting uncertain input data against dependable

hydrogeologic characteristics.  Ground-water flow was sim-
ulated as steady state, which assumed that the volume of
ground-water flow into the valley-fill aquifer equals the vol-
ume of ground-water flow out of the valley-fill aquifer.  The
sequence of calibration used in the steady-state simulation
was to adjust the value of vertical and horizontal hydraulic
conductivity.  Thickness of the valley fill, specified fluxes
along the edge of the model, and recharge of precipitation
were assumed correct and not adjusted.  Ground-water levels
in the model were calibrated to the average annual water lev-
els in 14 wells and several flux rates from the water budget.
The horizontal hydraulic conductivity values used in this
model for layer one ranged from 40 feet per day (12 m/day)
in the downstream section to 250 feet per day (76 m/day) in
the upstream section.  The values of hydraulic conductivity
used for layer two ranged from 1.0 to 30 feet per day (0.3-9
m/day), along the valley floor and in highly fractured zones,
respectively.

Downs and Kovaks (2000) considered the model to be
calibrated based on the near matching of the water levels.
The best root-mean-squared (RMS) error achieved in the cal-
ibration was 60 feet (18 m), which was predictable because:
(1) important hydraulic properties of the fractured-rock
aquifer are unknown, and locations of fracture regions and
degree of fracturing determined from aquifer tests are
unavailable; (2) water levels used in the calibration were
from measurements taken over a time range, and thus fluctu-
ate; (3) the hydraulic properties used were limited to a small
area within the model boundary, any missing hydrogeologic
values outside this area were inferred from the general phys-
ical description of Moab-Spanish Valley; and (4) the RMS
error is sensitive to any significant point-error values.  Any
or all of these errors may exist because of limited site-specif-
ic data.

Our Modification of the Model

The hydraulic characteristics of the valley-fill aquifer
control the amount of water moving through the aquifer,
water in storage, and water levels in the valley.  We modified
the modeled hydraulic conductivity and specific conductance
in the valley-fill aquifer layer to incorporate additional data
we collected (appendix J).  New information on hydraulic
conductivity of the valley fill was obtained from a single-
well test (appendix J) and specific-capacity data reported on
drillers’ logs from the valley.  Hydraulic conductivities were
determined by dividing the estimated transmissivities, from
the single-well and specific-capacity tests, by the length of
the screened interval of the wells.  Initial estimates of
hydraulic conductivities from these sources ranged from 4.9
to 116 feet per day (1-35 m/day).  In Downs and Kovacs’
(2000) model, the water table in the valley fill drops below
layer one northwest of Kens Lake.  Kens Lake is near the
head of Moab-Spanish Valley and is a source of seepage to
the valley-fill aquifer. We modified the hydraulic conductiv-
ities and specific conductance near Kens Lake to prevent
layer one from dewatering there.  We did not modify the
model grid, boundary conditions, or recharge.  The initial
value of transmissivity used for layer two and the vertical
leakance used to represent the connection of layers one and
two were maintained because no new information was
obtained from any of the tests we conducted or evaluated.
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Calibration of the model resulted in a reasonable repre-
sentation of the ground-water system in Moab-Spanish Val-
ley.  A simulated potentiometric surface for the rock aquifer
is similar to the rock aquifer potentiometric surface produced
by Downs and Kovacs (2000), and the water levels produced
by the simulation are reasonable based on existing water lev-
els in the valley-fill aquifer (figure 12).

All water budget components are within 5 percent of the
water budget used in the Downs and Kovacs’ (2000) model
(table 5).  The adjusted model is assumed to represent pres-
ent conditions as accurately as available data permit.  Initial
estimates were made for each hydrologic characteristic from
the field data, and the model was adjusted to improve esti-
mates in areas of uncertainty.  Water levels computed by the
model after the adjustment do not agree exactly with
observed water levels.  Although the predictive capability of
the model cannot be quantified, the model results should

indicate the correct order of magnitude of flow.  The final
distribution of hydraulic conductivity values for layer two
ranged from 50 to 200 feet per day (15-61 m/day) (table 6).

Results

The objectives of the modeling were to simulate the
ground-water flow in the valley and use this to estimate the
quantity of water flowing through the valley-fill sediments.
The simulation improved our understanding of the aquifer
system and provided the volumetric flow budget needed for
the septic-tank mass-balance calculations.  We used model-
calculated cell-by-cell flows in this study to identify areas
with similar flows of water in layer one; we assume
mixing/dilution of septic-tank effluent will occur within
ground water modeled by this layer.  Based on the spatial dis-
tribution of the cell-by-cell flow terms calculated by MOD-
FLOW, we delineated three regions in Moab-Spanish Valley
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on the basis of distinctive flows in layer one (plate 12). We
then used the MODFLOW flow budget for each region to
determine the available volumetric flows in the saturated val-
ley-fill deposits for each region. These regions, which we
designated as domains, vary in area from 1396  to 6749 acres
(2.18-10.5 mi2; 5.6-27.3 km2) and have volumetric flows
from 1.08 to 2.82 cubic feet per second (0.03-0.08 m3/s). We
use the volumetric flows in the mass-balance calculations as
the ground-water flow available for mixing.

Modeling Limitations

Simplifying assumptions are required to construct a
numerical model of a natural hydrogeologic system.  Some
of these assumptions limit the scope of application of the
model and the hydrologic questions that can reasonably be
addressed, and may influence the model results.  The numer-
ical model is a simplified and idealized approximation of the
actual ground-water flow system. We used a steady-state
simulation with time-averaged and measured conditions;
thus, the model cannot predict the transient response of the
system, because it is not calibrated to transient conditions.
This means we cannot use the model to predict flows in the
system if new stresses were applied, such as adding a large
well, to the system. The model, however, can simulate
steady-state conditions and be used to evaluate various
ground-water conditions.

Septic-Tank System/Water-Quality
Degradation Analyses

Introduction

We calculated projected domain-specific nitrate concen-
trations in three ground-water flow domains (table 7) by ap-
plying a mass-balance approach using domain-specific
parameters, such as the existing nitrogen load (background
nitrate concentration) and amount of ground water available
for mixing (table 7), and our estimated 242 gallons per day
(916 L/day) contributed by each septic-tank system, with an
estimated nitrogen loading of 54.4 mg per liter of septic-tank
effluent.  The mass-balance approach predicts the impact of
nitrate from use of septic-tank systems over a defined area.

We calculated one graph for each area based on a range
of parameters that affect the amount of ground water avail-
able for dilution.  We obtained the number of septic-tank sys-
tems  permitted (post-1980 records) in each area from the
Southeast Utah Health Department (Jim Adamson, written
communication, 2002; Lance Christie, verbal communica-
tion, 2003).  We supplemented these data by identifying
potential sites of septic systems from buildings and house
dwellings plotted from aerial photographs (Utah State Trust
Lands, written communication, 2003); the sites we identified
were verified by local county GIS specialist, Dave Vaughn
(2003), based on his knowledge of the study area.  Tables 7

Component Estimated water budget Steady-state calibration water budget
(acre-feet per year) (acre-feet per year)

Recharge
Subsurface inflow from the La Sal Mountains 13,300 12,765
Infiltration of precipitation for layer one 730 728
Seepage from Kens Lake 3300 3157

Total recharge 17,330 16,650                  

Discharge
Seepage to streams (Mill and Pack Creeks) 1140 1099
Withdrawal from wells and springs 6400 6398
Seepage to Colorado River 9530 9153

Total discharge 17,330 16,650

Table 5. Simulated steady-state ground-water budget for the aquifer system in Moab-Spanish Valley, Grand and San Juan Counties, Utah.

Locations Hydraulic conductivity Transmissivity Vertical leakance
(feet per day) (square feet per day) (feet per day per feet)

Model layer one
Active cells in the lower valley 50 - 70 — —
Central area of active cells in the valley 90 - 150 — —
Higher interior active cells in the main valley 200 — —

Between layers one and two
All active cells — — 0.00028 - 0.0236

Model layer two
All active cells 1 - 20 400 - 8000 —

Table 6. Final hydraulic parameter values used in the Moab-Spanish Valley ground-water flow model, Grand and San Juan Counties, Utah.
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and 8 list the number of septic-tank systems estimated for
each domain.  The exact number of septic-tank systems in
use and not in use is unknown; we estimate that about 1600
septic-tank systems have been permitted in Moab-Spanish
Valley, of these, fewer exist and/or are being utilized in
Grand County than in San Juan County; 1314 septic tanks
were in the area to which sanitary sewer services were
extended through the Spanish Valley Water and Sewer
Improvement District (SVW&SID) in 1979–81, and 162
were in the area to which sanitary sewer services were
extended by SVW&SID in 1995–97 (Lance Christie, Grand
County resident, written communication, June, 2003).

For this analysis, we used 210 septic tanks for all the
domains, and ranges from a low of 59 (domain 2) to a high
of 77 (domain 3) (tables 7 and 8).  Background nitrate con-
centrations for each domain range from 0.78 mg/L (domain
3) to 3.5 mg/L (domain 2).  For domains 1 and 2, we allow a
1 mg/L degradation above current background levels of
nitrate (a value adopted by Wasatch and Weber Counties as
an acceptable level of degradation [Hansen, Allen and Luce,
Inc., 1994; Lowe and Wallace, 1997]).  For domain 3, based
on consultation with local government officials, we used a
total degradation value of 3 mg/L, which is 2.2 mg/L more
than the current background level of 0.78 mg/L (the domain
having the greatest area acreage), to calculate recommended

septic-system density/lot size.

Results

Domain 1: Figure 13a shows a plot of projected nitrate con-
centration versus septic-tank density and number of septic-
tank systems in domain 1 in the southeastern part of central
Moab-Spanish Valley (plate 12).  Background nitrate con-
centration for domain 1 is 2.68 mg/L.  There are 74 septic
systems estimated to be in domain 1 (Lance Christie, Grand
County resident, personal communication, 2003).  Domain 1
has an area of approximately 1396 acres (565 hm2), so the
existing average septic-system density is 19 acres per system
(7.7 hm2/system).  Based on our analyses (table 7), estimat-
ed ground-water flow available for mixing in domain 1 is
1.08 cubic feet per second (0.03 m3/s).  For domain 1 to
maintain an overall nitrate concentration of 3.68 mg/L
(which allows 1 mg/L of degradation), the total number of
homes using septic-tank soil-absorption systems should not
exceed 132 based on the estimated nitrogen load of 54.4
mg/L per septic-tank system (figure 13a, table 8).  This cor-
responds to a total increase of approximately 55 added septic
systems and an average septic-system density of about 10
acres per system (4 hm2/system) in domain 1 (table 8).

Domain Area Flow* Average nitrate Number of Current number
(acres) (cubic feet per second) concentration wells sampled of septic tanks

(background) permitted+

(mg/L)

1 1396 1.08 2.68 16 74

2 3397 2.06 3.50 12 59

3 6749 2.82 0.78 18 77

*data were derived using ground-water flow computer model (see text for explanation). 
+septic systems were estimated by the Southeast Utah Health Department (Jim Adamson, 2002, written communication; Lance Christie 2003, 

verbal communication).

Domain Area Flow Current Number of Projected Calculated Lot-size
(acres) amount density septic tanks number lot-size recom- recom-

(cfs) (acres/system) permitted of total mendation mendation
septic tanks @1 mg/L (acres) (acres)

1 1396 1.08 19 74 132 10.5 10

2 3397 2.06 58 59 171 20/15** 20

3 6749 2.82 88 77 222 30/16** 20

*Best-estimate calculation is based on a nitrogen load of 17 g N per capita per day (from Kaplan, 1988) for a 3.46-person household and 242 
gallons per capita as the amount of water generated per household based on the 2001 Utah State Water Plan (Utah Division of Water Re-
sources, 2001a).

**Second number after/ corresponds to the calculated lot-size recommendation based on an allowable degradation of overall nitrate concentra-
tion to be 5 and 3 mg/L, respectively, for domains 2 and 3. 

Table 7. Parameters used to perform a mass-balance analysis for different ground-water flow domains in Moab-Spanish Valley, Grand and San
Juan Counties, Utah.

Table 8. Results of the mass-balance analysis using the best-estimate nitrogen loading of 54 mg N/L* for different ground-water flow domains in
Moab-Spanish Valley, Grand and San Juan Counties, Utah.
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Domain 2: Figure 13b shows a plot of projected nitrate con-
centration versus septic-tank density and number of septic-
tank systems in domain 2 in the central part of most of Moab-
Spanish Valley (plate 12).  Background nitrate concentration
for domain 2 is 3.5 mg/L.  There are 59 septic systems esti-
mated to be located in domain 2 (Lance Christie, Grand
County resident, verbal communication, 2003).  Domain 2
has an area of approximately 3397 acres (1,375 hm2), so the
average septic-system density is 58 acres per system (22
hm2/system).  Based on our analyses (table 7), estimated
ground-water flow available for mixing in domain 2 is 2.06
cubic feet per second (0.06 m3/s).  For domain 2 to maintain
an overall nitrate concentration of 4.5 mg/L (which allows 1
mg/L of degradation), the total number of homes using sep-
tic-tank soil-absorption systems should not exceed 171 based
on the estimated nitrogen load of 54.4 mg/L per septic-tank
system (figure 13b, table 8).  This corresponds to a total
increase of approximately 112 added septic systems and an
average septic-system density of about 20 acres per system
(8 hm2/system) in domain 2 (table 8).

Domain 3: Figure 13c shows a plot of projected nitrate con-
centration versus septic-tank density and number of septic-
tank systems in domain 3 in the southeastern Moab-Spanish
Valley, and along the valley margins surrounding domains 1
and 2 (plate 12).  Background nitrate concentration for
domain 3, the lowest, is 0.78 mg/L.  There are 77 septic sys-
tems estimated to be located in domain 3 (Lance Christie,
Grand County resident, verbal communication, 2003; Jim
Adamson, Southeast Utah Health Department, verbal com-
munication, 2003).  Domain 3 has an area of approximately

6749 acres (2,731 hm2), so the average septic-tank system
density is 88 acres per system (36 hm2/system).  Based on
our analyses (table 7), estimated ground-water flow available
for mixing in domain 3 is 2.82 cubic feet per second (0.08
m3/s).  For domain 3 to maintain an overall nitrate concentra-
tion of 1.78 mg/L (which allows 1 mg/L of degradation), the
total number of homes using septic-tank soil-absorption sys-
tems should not exceed 222 based on the estimated nitrogen
load of 54.4 mg/L per septic-tank system (figure 13c, table
8).  This corresponds to a total increase of approximately 145
septic systems and an average septic-system density of about
30 acres per system (12 hm2/system) in domain 3 (table 8).
If the allowable degradation level for nitrate concentration is
3 mg/L (a nitrate as nitrogen value similar to the 1 mg/L
degradation level for the other two domains, but a lower
overall increase), the total number of homes using septic-
tank systems can be 410 with a corresponding increase in
new septic systems of 333, corresponding to a septic-tank
density of about 16 acres per system (6.4 hm2/system) (table 8).

Recommendations for Land-Use Planning

These approximations of nitrate concentrations/water-
quality degradation provide a conservative (worst case) first
approximation of long-term ground-water pollution from
septic-tank systems.  The graphs of projected nitrate concen-
tration versus number of septic-tank systems in each area
show recommended septic-tank density for each domain
based on the parameters described above.  For land-use plan-
ning purposes, we believe two categories of recommended

Figure 13a. Projected septic-tank density versus nitrate concentration for domain 1 in Moab-Spanish Valley, Grand and San Juan Counties, Utah,
based on 74 existing septic tanks (see table 10).
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Figure 13b. Projected septic-tank density versus nitrate concentration for domain 2 in Moab-Spanish Valley, Grand and San Juan Counties, Utah,
based on 59 existing septic tanks (see table 10).

Figure 13c. Projected septic-tank density versus nitrate concentration for domain 3 in Moab-Spanish Valley, Grand and San Juan Counties, Utah,
based on 77 existing septic tanks (see table 10).



maximum septic-tank system densities are appropriate for
development using septic-tank soil-absorption systems for
wastewater disposal: 10 and 20 acres per system (4 and 8
hm2/system) (table 8; plate 12).  Based only on our septic-
tank density/water-quality degradation analysis, due to the
greater amount of ground-water available for mixing per acre
in the central areas of Moab-Spanish Valley, a greater num-
ber of septic systems can exist compared to the outer margins
of the valley and southeastern Moab-Spanish Valley; this is
due to Mill and Pack Creeks being a source of recharge to the
valley-fill aquifer, and the greater average thickness of the
valley-fill deposits in northwestern Moab-Spanish Valley
(and in the central parts of the valley compared to valley-
margin areas).  Our lot-size recommendations apply to devel-
opment using septic systems for wastewater disposal, and are
not relevant to development using well-engineered, well-
constructed sewer lagoon systems.  However, poorly engi-
neered, poorly constructed sewer lagoon systems could have
even greater negative impact on ground-water quality than
septic-tank systems.

SUMMARY AND CONCLUSIONS

Ground water is the principal source of drinking water in
Moab-Spanish Valley.  Most public water supply is from the
Glen Canyon aquifer, which is broken into two structural
compartments by the Moab fault beneath Moab-Spanish Val-
ley.  The Glen Canyon Group ranges in thickness from about
330 feet (100 m) south and southeast of Moab to about 1300
feet (400 m) beneath southeastern Moab-Spanish Valley.
The Glen Canyon Group is absent in the subsurface near
Moab in northwestern Moab-Spanish Valley.  Most ground-
water flow in the Glen Canyon aquifer is through joints.
Based on our analysis of outcrop data, most joints are steeply
dipping (greater than 65°) with a primary joint set striking to
the northwest and a secondary joint set striking to the north-
east.  Based on our aerial-photograph analysis of lineaments,
which correspond to laterally continuous joint zones, we
define six lineament domains based on orientation, length,
geometry, and interrelation between lineaments.  Most linea-
ments trend to the northwest, and lineament trends are
strongly unimodal and less variable than joints measured at
outcrops.  Joint and lineament orientations and densities indi-
cate increased regional- and well-scale permeability parallel
to the valley axis due to joints and joint zones.  Valley-mar-
gin normal faults, where present, may reduce permeability
perpendicular to the valley axis.

Once the most important source of culinary water in
Moab-Spanish Valley, the valley-fill aquifer is primarily used
for domestic and agricultural purposes.  The valley fill of
Moab-Spanish Valley consists mainly of stream, alluvial-fan,
mass-movement, and eolian deposits that are up to 400+ feet
(120 m) thick near the Colorado River northwest of Moab.
The valley fill thins to about 100 feet (30 m) over a con-
cealed bedrock high southeast of Moab and then thickens to
more than 300 feet (90 m) beneath southeastern Spanish Val-
ley.  The valley fill generally lacks extensive fine-grained
layers and the valley floor and surrounding bedrock are clas-
sified as primary recharge areas.

Ground-water quality classification is a relatively new
tool that can be used in Utah to manage potential ground-
water contamination sources and protect the quality of

ground-water resources.  The results of the proposed ground-
water quality classification for Moab-Spanish Valley indicate
that the valley-fill aquifer contains mostly high-quality
ground-water resources that warrant protection.  Thirteen
percent of ground-water wells representing the aquifer in the
area is classified as Class IA, and 87 percent is classified as
Class II, based on chemical analyses of water from 72 wells
and one surface-water source sampled between 1968 and
2004 (TDS range of 140 to 1818 mg/L).  Additionally,
ground-water quality in the Glen Canyon aquifer along the
eastern margin of Moab-Spanish Valley has TDS concentra-
tions typically below 500 mg/L and has been designated a
Sole Source Aquifer by the U.S. Environmental Protection
Agency; this area is classified as Class IB.

Septic-tank soil-absorption systems are used to dispose
of domestic wastewater, primarily in the San Juan County
portion of Moab-Spanish Valley.  Many constituents in sep-
tic-tank effluent are known to undergo little remediation in
the soil environment as they travel through the unsaturated
zone to ground water; once in ground water, dilution is the
principal mechanism for lowering concentrations of these
constituents.  We used nitrate in septic-tank effluent as an
indicator for evaluating the dilution of constituents in waste-
water that reach ground-water aquifers; this evaluation uses
a mass-balance approach that is based principally on ground-
water flow available for mixing with effluent constituents in
the aquifer of concern.  The mass-balance approach for the
valley-fill aquifer in Moab-Spanish Valley, a source of drink-
ing water, indicates that two categories of recommended
maximum septic-tank system densities are appropriate for
development using septic-tank soil-absorption systems for
wastewater disposal: 10 and 20 acres per system (4 and 8
hm2/system).  These recommended minimum lot sizes are
based on hydrogeologic parameters incorporated in the
ground-water flow model and geographically divided into
three ground-water flow domains on the basis of flow-vol-
ume similarities.
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APPENDIX A

NUMBERING SYSTEM FOR WELLS IN UTAH

Well-Numbering System

The numbering system for wells in this study is based on the Federal Government cadastral land-survey system that divides
Utah into four quadrants (A-D) separated by the Salt Lake Base Line and Meridian (figure A.1).  The study area is in the south-
eastern quadrant (D).  The wells are numbered with this quadrant letter (D), followed by township and range, all enclosed in
parentheses.  The next set of characters indicates the section, quarter section, quarter-quarter section, and quarter-quarter-quar-
ter section designated by letters a through d, indicating the northeastern, northwestern, southwestern, and southeastern quadrants,
respectively.  A number after the hyphen corresponds to an individual well within a quarter-quarter-quarter section.  For exam-
ple, the well (D-26-22)22cdb-1 would be the first well in the northwestern quarter of the southeastern quarter of the southwest-
ern quarter of section 22, Township 26 South, Range 22 East (NW1⁄4SE1⁄4SE1⁄4 section 22, T. 26 S., R. 22 E.).

b

b a

c b a
Well

Sections within a township

R. 22 E.

Tracts within a section

Section 22

1 mile
1.6 kilometers

(D-26-22) 22cdb-1
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6 miles
9.7 kilometers

d
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C D
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Figure A-1. Numbering system for wells in Utah (see text for additional explanation).
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Table B.2.  Utah and EPA primary water-quality standards and analytical method for some chemical constituents sampled in Spanish-Moab Valley,
Grand and San Juan County, Utah.  U.S. EPA analytical methods are described at http://www.epa.gov/OGWDW/methods/epachem.html.

CHEMICAL CONSTITUENT EPA ANALYTICAL METHOD WATER-QUALITY STANDARD 
(mg/L)

General Chemistry:
total dissolved solids 160.1 2000+** or (500*++)
pH 150.1 between 6.5 and 8.5
aluminum*** 200.7 0.05 to 0.2
calcium***  200.7 —
sodium***  200.7 —
bicarbonate  406C —
carbon dioxide 406C —
carbonate 406C —
chloride* 407A 250
total alkalinity 310.1 —
total hardness 314A —
specific conductance 120.1 —
iron* 200.7 0.3
potassium*** 200.7 —
hydroxide 406C —
sulfate *++ 375.2 250

magnesium*** 200.7 —
manganese*** 200.7 0.5

Nutrients:
total nitrate/nitrite 353.2 10.0
ammonia as nitrogen 350.3 —
total phosphorous and dissolved total phosphate  365.1 —

Dissolved metals:
arsenic 200.9 0.01
barium 200.7 2.0
cadmium 200.9 0.005
chromium 200.9 0.1
copper 200.7 1.3
lead 200.9 0.015
mercury 245.1 0.002
selenium 200.9 0.05
silver 200.9 0.1
zinc 200.7 5.0

Organics and pesticides:
aldicarb 531.1 0.003
aldicarb sulfoxide 531.1 0.004
atrazine 525.2 0.003
carbofuran 531.1 0.04
2, 4-D 515.1 0.07
methoxychlor 525.2 0.4
methiocarb 531.1 —
dinoseb 515.1 0.007
dalapon 515.1 0.2
baygon 515.1 —
picloram 515.1 0.5
dicamba 515.1 —
oxamyl 531.1 0.2
methomyl 531.1 —
carbaryl 531.1 —
3-Hydroxycarbofuran 531.1 —
pentachlorophenol 515.1 0.001
2, 4, 5-TP 515.1 0.05
Alpha, gross 600/4-80-032 15 pCi/L(picocuries per liter)        
Beta, gross 600/4-80-032 4 millirems per year
U238MS Fil (Uranium) 600/4-80-032 0.030 mg/L
226Radium 600/4-80-032 5 pCi/L
228Radium 600/4-80-032 5 pCi/L

— no ground-water quality standard exists for the chemical constituent
* for secondary standards only (exceeding these concentrations does not pose a health threat)
+ maximum contaminant level is reported from the Utah Administrative Code R309-103 (Utah Division of Water Quality)
** For public water-supply wells, if TDS is greater than 1000 mg/L, the supplier shall satisfactorily demonstrate to the Utah Water Quality Board that no better 

water is available. The Board shall not allow the use of an inferior source of water if a better source of water (i.e. lower in TDS) is available.
++ TDS and sulfate levels are given in the Primary Drinking Water Standards, R309-103- 2.1. They are listed as secondary standards because levels in excess of 

these recommended levels will likely cause consumer complaint.
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APPENDIX D

DESCRIPTION AND CORRELATION OF MAP UNITS
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APPENDIX D

Geologic Unit Description and Correlation

 Geologic unit descriptions and correlation are compiled and summarized from Doel-
ling and others (2002) and Doelling (2001, 2004).  For detailed unit descriptions see original 
sources.
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Description of Geologic Units 

Qal 

Qagy 

Qago 

Qap 

Qea 

Qes 

Qmt 

Qms 

Qat 

Qf 

Qaf 

Km, 
Kms 

Kd 

bx 

Ti 

Kbc 

Jmb 

Artificial fill:  Clay to boulder to size material; 
locally up to 21 meters (70 ft) thick; latest Holocene. 

Stream alluvium:  Sand, silt, clay, and gravel; 
thickness varies but commonly less than 12 meters 
(40 ft); Holocene. 

Eolian sand:  Fine to coarse unconsolidated sand in 
dunes and thin sheets; typically less than 15 meters 
(50 ft ) thick; Holocene. 

Mixed eolian and alluvial deposits:  Eolian sand 
deposits with interspersed alluvial gravels, sands,
and silts; variable thickness typically less than 12
meters (40 ft); Holocene to middle Pleistocene.

Alluvial to fan deposits:  Poorly sorted sand, gravel,
and cobbles;  thickness generally less than 15 meters 
(40 ft); Holocene to upper Pleistocene.

Younger alluvial gravel deposits:  Alluvial gravel; 
includes middle to level terrace deposits up to 7.5 
meters (25 ft) thick; Holocene to upper Pleistocene.

Older alluvial gravel deposits:  Alluvial gravel; 
includes upper to level terrace deposits up to 7.5 
meters (25 ft) thick; upper Pleistocene.

Pediment deposits:  Alluvial gravel, cobbles, and 
boulders; deposited as alluvial fans on flanks of the
La Sal Mountains; up to 9 meters (30 ft) thick; upper 
Pleistocene.

Terrace deposits:  Cobbles, gravel, sand, silt, and 
clay; caps high benches and mesas including 
Johnsons up-on-top; typically less than 5 meters (16 
ft) thick; middle to upper Pleistocene.

Talus deposits:  Angular debris including blocks, 
boulders, gravel, and sand; typically less than 5
meters (16 ft) thick: Holocene to upper Pleistocene.

Slumps and landslides:  Hummocky deposits and 
slumped material; most common on slopes of the 
Jurassic Morrison Formation; variable thickness; 
Holocene to upper Pleistocene.

Collapse breccia pipes:  Broken and brecciated rock 
masses bounded by near vertical circular faults; 
breccia has been displaced downward up to several
hundred feet;  breccia contains clasts from overlying 
and adjacent rocks and is commonly reduced; age 
unknown, probably Tertiary to Quaternary.   

La Sal Mountain intrusives:  Trachyte and ryholite; 
intruded as laccoliths, dikes, and sills; dated at 25 to 
28 Ma. 

Mancos Shale:  Marine shale, lesser siltstone and 
sandstone; (Kms) is a locally mappable calcareous 
sandstone 60 to 120 meters thick (200-400 ft); 
Mancos shale is incompletely exposed, up to 7509 
meters (2500 ft) thick; Upper Cretaceous.

Dakota Sandstone:  Sandstone, conglomerate, and 
interbedded mudstone and shale; thickness varies 
from 30 to 60 meters (100-200 ft); Cretaceous.

Burro Canyon Formation:  Sandstone, conglomer-
ate, and mudstone; thickness averages 38 meters 
(125 ft); Lower Cretaceous.

Brushy Basin Member of Morrison Formation:  
Siltstone, mudstone, lessor sandstone conglomerate,
minor limestone; 76 to 150 meters (250-500 ft) 
thick; Upper Jurassic.

Jms 

Jsmt 

Jsms 

Jctm 

Ject 

Jcd

Jes 

Salt Wash Member of Morrison Formation:  
Sandstone, siltstone, and mudstone, minor 
limestone and conglomerate; 58 to 120 meters 
(190-400 ft) thick; Upper Jurassic.

Tidwell Member of Morrison Formation and 
Summerville Formation, undivided: Silty
sandstone, siltstone, and minor interbedded 
limestone; 3 to 15 meters (10-50 ft) thick; Jurassic.

Summerville and Morrison Formations, undivided:
Mapped in areas of poor exposure; sandstone, 
siltstone, and mudstone; Jurassic.

Moab Member of Curtis Formation:  Fine- to 
medium-grained cliff forming sandstone; 24 to 34 
meters (80-110 ft); Jurassic.

Slick Rock Member of Entrada Sandstone:  Fine- to 
medium-grained cliff forming sandstone; 18 to 95 
meters (60-310 ft) thick; Middle Jurassic.

Slick Rock Member of Entrada Sandstone and 
Moab Member of Curtis Formation, undivided:
Mapped in areas of structural complexity and poor 
exposure; Middle Jurassic.

Dewey Bridge Member of Carmel Formation:  
Fine-grained sandstones and siltstones; 6 to 24 
meters (20-80 ft) thick; Middle Jurassic.

Undivided unconsolidated deposits:  includes all 
unconsolidated deposits; shown only on cross 
sections; Quaternary. 

Undivided Cretaceous:  includes all Cretaceous 
units; shown only on cross sections; Cretaceous.

Undivided Upper Jurassic:  includes all members of 
Morrison Formation and Summerville Formation; 
shown only on cross sections; Upper Jurassic.

Q

K

Jupp
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Jk

Jw

TRc

TRm

Pc 

IPh

IPpc 

Kayenta Formation:  Medium-grained 
sandstone, thin interbeds of fine-grained 
sandstone, siltstone, and claystone; 18 to 110 
meters (60-360 ft); Lower Jurassic.

Wingate Sandstone:  Fine-grained sandstone; 
cross-bedded; 67 to 130 meters (220-420 ft); 
Lower Jurassic.

Chinle Formation:  Sandstone, siltstone,
conglomeratic sandstone, and mudstone; 120 to 
140 meters (400-450ft) thick; Upper Triassic.

Moenkopi Formation:  Fine-grained sandstone 
and siltstone, thin beds of claystone;  27 to 37 
meters thick (90-120 ft) thick; Triassic.

Cutler Formation:  Arkosic sandstone, siltstone,
and conglomerate; 120 to 1500 m (400-5,000 ft) 
thick; Lower Permian. 

Honaker Trail Formation:  Limestone, dolomite,
sandstone, and mudstone; 0 to 700 meters (0- 
2,400 ft) thick; Upper Pennsylvanian. 

Paradox Formation caprock:  Gypsum, black
shale, dolomite, sandstone; insoluble remnants 
of Paradox Formation exposed at the surface;  
thickness highly variable as much as 213 meters 
(700 ft); Middle Pennsylvanian.  

IPp Paradox Formation:  Gypsum, black shale, 
dolomite, sandstone; interbedded marine 
evaporites and shales;  shown only on cross 
sections; thickness highly variable due salt 
flowage during Late Pennsylvanian to Lower 
Jurassic; 90 to 3,000+ meters (300-10,000+ ft) 
thick; Middle Pennsylvanian.  

Jn
Jnl Navajo Sandstone:  Fine to  to medium to 

grained sandstone; cross to bedded; (Jnl) is 
locally present thin limestone interbeds; Navajo 
Sandstone thickness 80 to 215 meters (275-700 
ft); Lower Jurassic.

Undivided Middle Jurassic:  includes Moab Member 
of Curtis Formation, Slick Rock Member of Entrada
Sandstone, and Dewey Bridge Member of Carmel 
Formation; shown only on cross sections; Middle 
Jurassic.

Glen Canyon Group: includes Navajo Sandstone, 
Kayenta Formation, and Wingate Sandstone; Lower 
Jurassic.

Undivided Triassic:  includes Chinle Formation and 
Moenkopi Formation; shown only on cross sections; 
Triassic.

Jmid 

Jgc

TR
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APPENDIX E

CROSS SECTION, STRUCTURE CONTOUR, AND ISOPACH MAP METHODS AND DATA

Based on existing well and geophysical data, few constraints exist for the structural geometry of the Glen Canyon Group
where it lies buried beneath Moab-Spanish Valley.  Therefore, the cross sections presented display a hypothetical geometry of
the Glen Canyon Group beneath Moab-Spanish Valley.  We used surficial geology from Doelling and others (2002) and Doelling
(2001, 2004), and structural studies by Ge and others (1996), Olig and others (1996), and Foxford and others (1996) of the Moab
fault to construct six cross sections transverse to the valley axis along Moab-Spanish Valley (plate 3).  We drew a cross section
parallel to the valley axis, through the immediate hanging wall of the Moab fault based on these six cross sections and three addi-
tional cross sections near Moab compiled from Doelling and others (2002) and Doelling (2001) (plate 3).  Interpretations of all
units beneath the Glen Canyon Group are speculative but gravity data and fault kinematics of the Moab fault (Ge and others,
1996; Olig and others, 1996) suggest a salt anticline at depth.   Thickness of units overlying the salt anticline is unconstrained
by existing well data, but it is assumed that units of Triassic, Permian, and Pennsylvanian age thin over the salt anticline crest
and thicken along its margins.   Similar unit thinning has been documented for these units nearby (Doelling, 1988; Doelling and
others, 1988). 

We drew structure contours for the top of the Glen Canyon Group (plate 4) from geologic map contacts and compiled struc-
ture contours from Doelling (2001, 2004).  Structure contours beneath Moab-Spanish Valley are based on limited well data
shown in tables E.1 and E.2 and cross sections (plate 3).

The valley-fill isopach map, presented on plate 6, is based on water well logs and several petroleum wells.  Water wells and
petroleum wells used for the isopach are shown in tables E.1 and E.2 and plates 1 and 6.

Thickness of the Glen Canyon Group beneath Spanish Valley was calculated from the structure contour and valley-fill
isopach data using ArcGIS Spatial Analyst.  Actual thickness may vary, but plate 5 provides a baseline for likely bedrock aquifer
thickness beneath Moab-Spanish Valley.  Further geophysical investigation of Moab-Spanish Valley is warranted to better con-
strain Glen Canyon Group thickness and geometry.

Table E.1. Selected water wells used for this study.

PLS Location1 Easting2 Northing2 Valley Fill 
Depth (ft)3

N900 E1710 SW 27 25S 21E SL 622660 4272712 82+
N890 E1720 SW 27 25S 21E SL 622663 4272708 64+
N900 E1720 SW 27 25S 21E SL 622663 4272712 83+
N1640 E2040 SW 27 25S 21E SL 622761 4272937 63+
N1630 E2050 SW 27 25S 21E SL 622764 4272934 64+
N1640 E2050 SW 27 25S 21E SL 622764 4272937 63+
S2130 E2205 NW 27 25S 21E SL 622784 4273409 63+
S2120 E2215 NW 27 25S 21E SL 622787 4273412 64+
S2650 E2640 NW 27 25S 21E SL 622916 4273250 64+
N1850 E1180 SW 07 26S 22E SL 627401 4268276 61+
N1800 E1200 SW 07 26S 22E SL 627407 4268261 61+
N1840 E1220 SW 07 26S 22E SL 627413 4268273 66+
S3850 E580 NW 27 25S 21E SL 622288 4272885 304+
S3010 E980 NW 27 25S 21E SL 622410 4273141 120+
S2020 E2190 NW 27 25S 21E SL 622779 4273442 205+
S1100 E2600 NW 27 25S 21E SL 622904 4273723 120+
S680 E2600 NW 27 25S 21E SL 622904 4273851 85+
S1080 E2700 NW 27 25S 21E SL 622935 4273729 153
N3100 W2400 SE 27 25S 21E SL 623023 4273408 53+
N360 W2855 SE 26 25S 21E SL 624502 4272600 84+
N345 W2853 SE 26 25S 21E SL 624502 4272595 35+
N240 W1960 SE 26 25S 21E SL 624774 4272563 53+
N650 E1870 SW 27 25S 21E SL 622709 4272635 62+
N660 E1870 SW 27 25S 21E SL 622709 4272638 61+
N2400 W1500 SE 34 25S 21E SL 623313 4271586 150+
N250 E500 SW 26 25S 21E SL 623907 4272539 64
N709 W985 E4 01 26S 21E SL 626710 4270321 300+
N233 W794 E4 35 25S 21E SL 625137 4271750 60+
N680 E1804 SW 27 25S 21E SL 622689 4272644 45+
N688 E1836 SW 27 25S 21E SL 622698 4272647 50+
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PLS Location1 Easting2 Northing2 Valley Fill 
Depth (ft)3

N683 E1884 SW 27 25S 21E SL 622713 4272645 45+
N1022 E1937 SW 27 25S 21E SL 622729 4272749 45+
N1050 E1940 SW 27 25S 21E SL 622730 4272757 35+
N1628 E2148 SW 27 25S 21E SL 622793 4272933 60+
N350 W1200 SE 16 26S 22E SL 630700 4266096 100+
S600 E2200 W4 15 26S 22E SL 631723 4266605 8
S100 E2000 W4 15 26S 22E SL 631662 4266757 120
N2170 E1785 SW 15 26S 22E SL 631610 4266651 10
N2000 W130 S4 15 26S 22E SL 631830 4266598 1
N1835 W100 S4 15 26S 22E SL 631839 4266547 1
0 W3000 E4 01 26S 21E SL 626096 4270105 104+
N815 W360 SE 07 26S 22E SL 628521 4267998 93+
N945 E570 SW 36 25S 21E SL 625561 4271156 78+
S950 E545 NW 01 26S 21E SL 625553 4270579 117+
S945 E115 NW 01 26S 21E SL 625422 4270580 115+
N310 E80 S4 07 26S 22E SL 627861 4267825 8
N35 W1390 E4 15 26S 22E SL 632240 4266801 7
S150 W1100 N4 17 26S 22E SL 629101 4267726 160
N1150 W880 E4 01 26S 21E SL 626742 4270455 100
N560 E430 W4 15 26S 22E SL 631183 4266959 10
N280 E105 SW 16 26S 22E SL 630302 4266050 200+
N1510 W220 SE 07 26S 22E SL 628564 4268210 75+
N1325 E25 SW 07 26S 22E SL 627049 4268116 100
S362 E861 W4 06 26S 22E SL 627273 4269994 128+
S1471 E706 N4 01 26S 21E SL 626410 4270436 60+
S1320 E1340 W4 08 26S 22E SL 629038 4268050 42
S100 E565 W4 36 25S 21E SL 625552 4271649 98+
N550 E720 SW 16 26S 22E SL 630490 4266132 150+
N1720 W360 SE 07 26S 22E SL 628521 4268274 39+
S1168 E983 W4 06 26S 22E SL 627310 4269749 59+
N613 W1122 E4 07 26S 22E SL 628287 4268728 123
S1286 W518 NE 17 26S 22E SL 630084 4267402 2
S1750 E1280 N4 01 26S 21E SL 626585 4270351 8+
S133 E380 W4 06 26S 22E SL 627126 4270064 30+
S740 E788 NW 07 26S 22E SL 627259 4269083 59+
N1261 W1379 SE 15 26S 22E SL 632253 4266371 25
N624 W1225 SE 15 26S 22E SL 632300 4266177 18
N200 E1921 W4 15 26S 22E SL 631638 4266849 30
S625 W2168 NE 35 25S 21E SL 624711 4272300 48+
S700 E940 N4 02 26S 21E SL 624865 4270648 162+
N1279 E1498 SW 16 26S 22E SL 630727 4266354 50
S812 E143 NW 07 26S 22E SL 627063 4269061 125+
S211 E543 NW 22 26S 22E SL 631232 4265925 68
N3350 W2505 SE 17 26S 22E SL 629504 4267185 154
N2111 W1094 S4 07 26S 22E SL 627503 4268374 105+
S3306 E451 N4 17 26S 22E SL 629574 4266764 201
N438 E1481 SW 08 26S 22E SL 629082 4267883 168+
S1014 E608 N4 01 26S 21E SL 626380 4270576 70+
S125 W2340 E4 17 26S 22E SL 629541 4266941 211+
S300 W220 NE 02 26S 21E SL 625320 4270777 90+
N1520 E145 SW 22 26S 22E SL 631134 4264823 87+
N1645 E420 SW 22 26S 22E SL 631218 4264861 127
N750 W770 SE 07 26S 22E SL 628396 4267978 115
S1470 E95 N4 20 26S 22E SL 629497 4265707 55
N1420 W210 SE 07 26S 22E SL 628567 4268182 56
0 E500 W4 22 26S 22E SL 631231 4265175 185+
N460 E80 SW 08 26S 22E SL 628655 4267890 117+
N12 W999 E4 35 25S 21E SL 625075 4271683 81+
N904 W1205 S4 36 25S 21E SL 625827 4271160 103+
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PLS Location1 Easting2 Northing2 Valley Fill 
Depth (ft)3

S725 W1050 E4 36 26S 22E SL 635647 4261793 50
S240 W950 E4 36 26S 22E SL 635678 4261940 120
N50 E293 W4 36 26S 22E SL 634449 4261998 210+
N35 W1628 E4 35 26S 22E SL 633864 4261993 210+
N935 E870 SW 21 26S 22E SL 630562 4264620 14
N675 E525 SW 21 26S 22E SL 630457 4264541 96
S720 W1720 E4 26 26S 22E SL 633808 4263379 105
S550 E2290 W4 26 26S 22E SL 633419 4263403 230+
N360 E1270 W4 26 26S 22E SL 633108 4263681 147
N1350 W940 SE 20 26S 22E SL 630011 4264747 60
S1500 W1600 NE 22 26S 22E SL 632186 4265530 98
N1150 E825 W4 21 26S 22E SL 630536 4265495 211
N50 E830 SW 23 26S 22E SL 632958 4264400 79
S2350 W50 NE 20 26S 22E SL 630252 4265448 205
N950 W1160 SE 26 26S 22E SL 633990 4263084 109
N1100 E950 SW 21 26S 22E SL 630587 4264671 14
N1000 E160 W4 26 26S 22E SL 632770 4263876 105
S1328 W1040 NE 21 26S 22E SL 630753 4265569 176+
N850 E230 W4 26 26S 22E SL 632791 4263830 193+
N400 W510 E4 35 26S 22E SL 634204 4262104 192
N500 W1500 SE 35 26S 22E SL 633919 4261323 295
N1039 E2203 W4 35 26S 22E SL 633424 4262272 210
S1510 E2380 W4 26 26S 22E SL 633447 4263111 140+
N1050 E200 S4 26 26S 22E SL 633601 4263100 174
N1000 W1005 E4 35 26S 22E SL 634053 4262287 200
S1260 E1102 NW 01 27S 22E SL 634712 4260787 130
S484 E836 NW 21 26S 22E SL 630526 4265807 67+
N1090 E530 SW 21 26S 22E SL 630459 4264667 230
S582 W304 NE 27 26S 22E SL 632612 4264207 82
S225 W1400 E4 36 26S 22E SL 635541 4261945 105
S175 W325 E4 36 26S 22E SL 635868 4261960 75
S240 W950 E4 36 26S 22E SL 635678 4261940 115
S225 W1100 E4 36 26S 22E SL 635632 4261945 105
S807 W2901 E4 36 26S 22E SL 635083 4261768 60
N982 W2392 SE 36 26S 22E SL 635249 4261505 233
S38 W866 NE 22 26S 22E SL 632409 4265975 16
N91 E231 S4 22 26S 22E SL 631968 4264400 84+
S550 W900 N4 35 26S 22E SL 633266 4262612 211+
S370 W650 N4 35 26S 22E SL 633342 4262667 211+
S1285 E665 N4 20 26S 22E SL 629671 4265763 85
N910 W1822 E4 26 26S 22E SL 633777 4263875 12
N75 W1705 E4 20 26S 22E SL 629763 4265272 135
N765 W565 E4 27 26S 22E SL 632548 4263809 136
N2040 W480 SE 20 26S 22E SL 630151 4264957 220+
N1575 E380 SW 21 26S 22E SL 630413 4264815 305+
N1670 E440 S4 26 26S 22E SL 633674 4263289 226
N1895 W795 SE 20 26S 22E SL 630055 4264913 320+
S625 E555 NW 21 26S 22E SL 630440 4265764 220
S1309 W1603 NE 35 26S 22E SL 633855 4262395 205+
S695 W1020 E4 36 26S 22E SL 635656 4261802 50
S260 W225 E4 36 26S 22E SL 635899 4261934 75
S895 W200 E4 36 26S 22E SL 635906 4261741 200
N70 W820 SE 22 26S 22E SL 632455 4264406 130+
N110 W680 E4 21 26S 22E SL 630873 4265201 120+
N1030 W900 S4 26 26S 22E 633265 4263093 192+
N1090 E530 SW 21 26S 22E 630458 4267889 90
N110 W40 E4 27 26S 22E 632708 4263608 90+
N1150 W340 S4 15 26S 22E 631766 4266338 98
N130 E330 SW 16 26S 22E 630371 4266003 238
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PLS Location1 Easting2 Northing2 Valley Fill 
Depth (ft)3

N1303 E133 W4 01 27S 22E 634434 4260749 105
N1318 E234 SW 8 26S 22E 628702 4268151 145+
N1320 E660 SW 26 26S 22E 632937 4263168 209+
N1325 E25 SW 07 26S 22E 627049 4268116 100
N1350 E1430 SW 26 26S 22E 633172 4263177 185+
N1364 E370 S4 36 26S 22E 635289 4261604 105
N1800 E1200 SW 07 26S 22E 627407 4268261 61+
N1840 E1220 SW 07 26S 22E 627413 4268273 66+
N1850 E1180 SW 07 26S 22E 627401 4268276 61+
N1895 E500 SW 01 27S 22E 634564 4260111 0+
N2240 E1136 SW 01 27S 22E 634757 4260216 175
N240 W1960 SE 26 25S 21E 624774 4272563 53+
N2570 W1400 SE 2 26S 21E 624975 4270061 169+
N285 W380 E4 2 26S 21E 625278 4270160 93+
N300 E335 W4 26 26S 22E 632823 4263662 268+
N333 E840 S4 36 26S 22E 635432 4261290 230
N345 W2853 SE 26 25S 21E 624502 4272595 35+
N360 W2855 SE 26 25S 21E 624501 4272599 84+
N438 E1481 SW 8 26S 22E 629082 4267883 168+
N460 E80 SW 08 26S 22E 628655 4267889 117+
N500 E1000 SW 36 26S 22E 634680 4261323 305+
N500 E325 SW 06 26S 22E 627118 4269460 57+
N527 W1526 E4 26 26S 22E 633867 4263758 8
N613 W1122 E4 07 26S 22E 628287 4268728 123+

1 = PLS location from water rights database
2 = easting, northing coordinates are in NAD 27 UTM zone 12 N
3= Depth to bedrock interpreted from well logs

Table E.2. Selected petroleum wells used for this study.

API #ID Well name Northing1 Easting1 Notes

430371019 A MULESHOE UNIT 1 4250925 642852 Bottom of Glen Canyon
Group at ~1437 meters

430193011 B CSO-FED WEAVER 1 4263844 630669 Bottom of Glen Canyon
Group at ~1025 meters

430192040 C GREAT LAKES 4270962 625279 Valley-fill to 320 feet
CARBON CORP 1 no Glen Canyon Group

430191158 D WESTERN ALLIED 4269092 626427 Valley-fill to 200 feet
OIL CO 1 no Glen Canyon Group

1 = easting, northing coordinates are in NAD 27 UTM zone 12 N
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APPENDIX F

METHODS OF OUTCROP FRACTURE DATA ACQUISITION AND ANALYSIS

We collected fracture data for the Glen Canyon Group at outcrop sites along the eastern margin of Moab-Spanish Valley
using the scan line technique of Lapointe and Hudson (1985).  Jointing is the dominant mode of fracturing found at outcrop in
the Glen Canyon Group and all further references to fracture data will describe joint parameters. At most sites, we examined two
scan lines and measured joint orientation, trace length, aperture, mineral infilling, joint termination, and geometry along the
length of each scan line (table 2, F.1.).

Table F.1. Fracture data used for this study.

Fracture UTM location1 Number of Minimum Maximum Average 
site fractures trace length trace length aperture

measured (m) (m) (mm)

1 635289 4265206 86 0.80 15.6 0.51

2 638912 4260625 40 0.60 11.6 0.9

3 639474 4260249 34 0.53 10.7 0.97

4 638810 4260159 70 0.30 11.6 0.92

5 638922 4259425 36 0.76 3.8 0.2 

6 633363 4265282 55 0.68 15.8 1.12

7 633172 4265595 38 0.70 14.0 0.90

8 635344 4262499 94 0.34 21.6 0.45

9 636391 4261264 45 0.42 8.5 0.17

10 637027 4261145 61 0.48 9.7 0.7

11 637089 4261640 47 0.85 8.4 0.75

12 635329 4265605 40 0.49 9.8 0.29

13 633042 4266327 67 0.64 17.3 0.39

14 634824 4262870 56 0.39 6.7 1.26

15 629722 4269265 34 0.17 6.8 1.47

16 633784 4264061 35 0.35 7.3 1.94

17 634207 4263709 59 0.32 7.9 1.64

18 636170 4261798 51 0.17 4.1 0.73

19 638545 4260224 55 0.10 9.4 1.70

20 637901 4260216 45 0.10 2.3 0.88

21 629450 4268615 61 0.07 3.4 1.49

22 629009 4268704 42 0.14 4.4 1.44

23 623051 4274147 63 0.70 5.5 3.3

24 622794 4274044 58 0.23 6.0 3.1

25 622367 4273802 41 0.07 3.5 1.1

1= easting, northing coordinates are in NAD 27 UTM zone 12 N

We created stereonet plots of joint orientation for each fracture site and used to display the orientation and deviation of prin-
cipal, secondary, and ternary joint sets shown in table 2.  The orientation of principal joint sets may directly correlate to the direc-
tion of maximum joint based permeability, but is often biased based on the scan line technique  (Priest and Hudson, 1981).
Because of the potential for sampling bias an additional measure of the geometric character of a fracture set is warranted (Zhang
and Sanderson, 1995).
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A 2-D geometric anisotropy factor (Af), for each site with data from at least 2 scan lines, was calculated using the method
of Zhang and Sanderson (1995) and the following equation:

where:
Lx is scan line length in the x direction
Ly is scan line length in the y direction
nx is the number of fractures intersected along x direction
ny is the number of fractures intersected along y direction
γ is the angle between a fracture trace intersecting a scan line and the scan line

Calculation of the anisotropy factor yields a mathematical solution for the geometric properties of joint orientation and trace
length relative to scan line orientation (Zhang and Sanderson, 1995).  Scan lines are generally oriented perpendicular to princi-
pal joint sets, therefore geometric anisotropy factor describes anisotropy of a given fracture set relative to the principal joint ori-
entations.  Calculated anisotropy represents the relative ratio of maximum and minimum orientational bias of a fracture set
(Zhang and Sanderson, 1995).  These unit minima and maxima anisotropy values can be used to plot a geometric anisotropy
ellipse which is then oriented long-axis parallel to the principal joint set.   Below (figure F.1) is an example of ellipses drawn for
different values of Af , principal joint set is parallel to the y axis for both examples.   

The anisotropy ellipse is a graphical estimation of the orientation and relative magnitude of the permeability tensor based
on jointing measured at each site. Ellipses are shown for each site on plate 2.  Anisotropy ellipses, joint stereo plots, and joint
densities provide several unique parameters, which can be used to assess the relative impact of joint sets on permeability and
hydraulic conductivity.    

Orientation and magnitude of the geometric anisotropy factor is related to the measured permeability anisotropy of a frac-
tured rock mass via a power law equation dependent on local site conditions (Zhang and Sanderson, 1995).  Outcrop scale frac-
ture parameters including anisotropy, density, and aperture, can directly correlate with aquifer characteristics such as hydraulic
conductivity at nearby wells (Hurlow, 1998).    

2-D joint density for each outcrop data set was calculated using the technique of Lapointe and Hudson (1985).  For detailed
description of the equations used see Lapointe and Hudson (1985).  Joint density calculated by this technique is dependent pri-
marily on orientation and trace length of joint sets.   Density calculated with this technique is essentially limited to the plane of
fracture measurement.  Joint density can vary depending on the plane of outcrop examined (Lapointe and Hudson, 1985). 

Lack of adequate pump test data from the fractured rock aquifer near the measurement sites precluded a numeric correlation
of joint data with wellhead conditions in Moab-Spanish Valley.  Without a numeric solution mean values from the fracture data
set likely are the best proxy for fracture condition at the wellhead (table 3).  Future pump test data from the fractured Glen
Canyon Group aquifer can be correlated with the joint data presented in the report to provide a numeric solution between meas-
ured joint characteristics and well head conditions.   

Methods of Remote Lineament Analysis

Three orthorectified image sets of Moab-Spanish Valley and surrounding areas (Digital Ortho Photo Quads [DOPQ]), recti-
fied TM Landsat, and full-color orthophoto (table F.2) were examined for lineaments in Glen Canyon Group exposures (table
F.2).  Lineaments were digitized directly on each imagery set and then analyzed using ArcGIS Spatial Analyst for orientation
and density.

Figure F.1. Anisotropy ellipse example.
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Photo set pixel resolution ranged from 30 m (98 ft) for the Landsat image to less than 1 m (3.28 ft) for the color orthopho-
to imagery of Moab-Spanish Valley (table F.2).  Both the DOPQ and Landsat images cover the entire study area and are appro-
priate for regional joint zone correlation and analysis. Color orthophoto image (figure 5) covers the valley floor and adjoining
bedrock exposures northeast of Moab-Spanish Valley.  This imagery set is most relevant to the fracture characteristics of exist-
ing and future wells completed in Moab-Spanish Valley and is described in the text.   The DOPQ and Landsat image sets pro-
vide regional coverage of Glen Canyon Group exposures surrounding the study area and correlation with the color orthophoto
image.    

Table F.2. Lineament summary used for this study. 

Image set DOPQ1 TM Landsat2 ColorOrtho3

pixel resolution (m) 1-4 30 < 1
maximum lineament length (km) 1.2 2.0 1.1
minimum lineament length (m) 2.4 124 3.9
area examined (km2) 432 432 210
Maximum lineament density (m/m2) 0.021 0.007 0.036
number of lineaments 3690 571 5178

Image sources
1 Digital ortho quads available at http://agrc.its.state.ut.us
2 Thematic Mapper Landsat images available at http://earth.gis.usu.edu/
3 Color ortho-photo image from Utah Division of Water Rights

Lineaments are linear trends of like-colored pixels on the photo sets (figure 5).   Lines defining each lineament were digi-
tized over each image set.  Cruikshank and Aydin (1995) noted a direct correlation between lineaments and joint zones in expo-
sures of the Slick Rock Member of the Entrada Formation in Arches National Park.  Field investigations of lineaments digitized
by this study also found a correlation between lineaments and joint zones.   Other lineaments correspond to alignments of veg-
etation including bushes and trees.  It is assumed that increased permeability and water availability produced by underlying joints
zones creates these alignments (Gustafsson, 1994; Mabee and others, 1994).  

Maps of lineament density were created for each set of imagery using ArcGIS spatial analyst.  Density values are depend-
ent on the resolution of the imagery set analyzed; calculated density increases with decreased pixel size, and is therefore differ-
ent in magnitude for each imagery set (table F.2). 

Comparison of lineament trends and densities across Landsat and DOPQ image sets shows a good spatial correlation
between the two data sets.  Comparison of individual lineaments across image sets shows good correlation between the col-
orortho image and the DOPQ image.  Not all lineaments correlated across image sets.  It is assumed that lineaments that do not
correlate may be produced by specific characteristics of a photo set. 
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APPENDIX G

RECORDS OF WATER WELLS USED TO DELINEATE RECHARGE AND DISCHARGE AREAS

Table G.1. Records of water wells used to delineate recharge and discharge areas in Moab-Spanish Valley.  Data are from Utah Division of
Water Rights (2005).

Site Local well Northing Easting Year Elevation Total Water Recharge Top of Bottom of Bedrock
# number or well (ft) depth level type confining confining completion

spring name drilled (ft) layer layer
(ft) (ft)

1 (D-25-21) 27cdb 622660 4272712 2000 3970 82 11 P — — 3

2 (D-25-21) 27cdb 622663 4272708 2000 3970 64 11 P — — 3

3 (D-25-21) 27cdb 622663 4272712 2000 3970 83 11 P — — 3

4 (D-25-21) 27cad 622761 4272937 2000 3965 63 11 P — — 3

5 (D-25-21) 27cad 622764 4272934 2000 3965 64 11 P — — 3

6 (D-25-21) 27cad 622764 4272937 2000 3965 63 11 P — — 3

7 (D-25-21) 27bdd 622784 4273409 2000 3971 63 11 P — — 3

8 (D-25-21) 27caa 622916 4273250 2000 3961 64 11 P — — 3

9 (D-26-22) 7cbd 627401 4268276 2000 4155 61 51 P — — 3

10 (D-26-22) 7cbd 627407 4268261 2000 4156 61 51 P — — 3

11 (D-26-22) 7cbd 627413 4268273 2000 4155 66 51 P — — 3

12 (D-25-21) 27cbc 622288 4272885 2002 3939 304 100 P — — 3

13 (D-25-21) 27cba 622410 4273141 2002 3939 120 97 P — — 3

14 (D-25-21) 27bdd 622779 4273442 2002 3972 205 9 P — — 3

15 (D-25-21) 27bad 622904 4273723 2002 3985 120 12 P — — 3

16 (D-25-21) 27bad 622904 4273851 2002 3996 85 34 S 31 56 3

17 (D-25-21) 27abc 622935 4273729 2002 3984 181 24 P — — 3

18 (D-25-21) 26cdd 624502 4272600 2002 3974 84 13 P — — 3

19 (D-25-21) 26cdd 624502 4272595 2002 3974 35 13 P — — 3

20 (D-25-21) 26dcd 624774 4272563 2002 3997 53 30 P — — 3

21 (D-25-21) 27cdb 622709 4272635 2003 3965 60 12 P — — 3

22 (D-25-21) 27cdb 622709 4272638 2003 3965 61 12 P — — 3

23 (D-25-21) 34dba 623313 4271586 2003 3955 150 — P — — 3

24 (D-25-21) 26ccc 623907 4272539 2003 3953 64 — P — — 3

25 (D-26-21) 1adb 626710 4270321 2002 4047 300 — S 90 140 3

26 (D-25-21) 35adc 625137 4271750 2003 3984 60 13 P — — 3

27 (D-25-21) 27cdb 622689 4272644 2004 3967 45 25 P — — 3

28 (D-25-21) 27cdb 622698 4272647 2004 3966 50 25 P — — 3

29 (D-25-21) 27cdb 622713 4272645 2004 3965 45 25 P — — 3

30 (D-25-21) 27cdb 622729 4272749 2004 3963 45 25 P — — 3

31 (D-25-21) 27cdb 622730 4272757 2004 3963 35 25 P — — 3

32 (D-25-21) 27cad 622793 4272933 2004 3961 60 25 P — — 3

33 (D-26-22) 16ddc 630700 4266096 1975 4463 100 41 S 41 63 3

34 (D-26-22) 15caa 631723 4266605 1978 4561 140 80 P — — 1

35 (D-26-22) 15caa 631662 4266757 1980 4559 305 65 P — — 1

36 (D-26-22) 15cab 631610 4266651 1976 4538 147 — P — — 1

37 (D-26-22) 15caa 631830 4266598 1976 4569 103 65 P — — 1

38 (D-26-22) 15cad 631839 4266547 1976 4565 108 60 P — — 1

39 (D-26-21) 1bdd 626096 4270105 1976 4006 104 — P — — 3

40 (D-26-22) 7dda 628521 4267998 1969 4210 93 25 P — — 3

41 (D-25-21) 36ccb 625561 4271156 1979 3992 78 20 P — — 3

42 (D-26-21) 1bbc 625553 4270579 1977 3993 117 22 P — — 3

43 (D-26-21) 1bbc 625422 4270580 1976 3989 115 22 P — — 3

44 (D-26-22) 7dcc 627861 4267825 1979 4298 105 47 P — — 2
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Site Local well Northing Easting Year Elevation Total Water Recharge Top of Bottom of Bedrock
# number or well (ft) depth level type confining confining completion

spring name drilled (ft) layer layer
(ft) (ft)

45 (D-26-22) 15acd 632240 4266801 1977 4637 205 — P — — 1

46 (D-26-22) 17bab 629101 4267726 1979 4264 160 — S 10 35 3

47 (D-26-21) 1adb 626742 4270455 1978 4055 100 20 S 70 90 3

48 (D-26-22) 15bcc 631183 4266959 1978 4523 140 — P — — 1

49 (D-26-22) 16ccc 630302 4266050 1974 4470 200 50 S 170 200 3

50 (D-26-22) 7dad 628564 4268210 1979 4185 75 17 P — — 3

51 (D-26-22) 7cbc 627049 4268116 1978 4190 130 95 P 80 100 3

52 (D-26-22) 6cba 627273 4269994 1955 4092 128 — P — — 3

53 (D-26-21) 1aca 626410 4270436 1955 4027 60 65 P — — 3

54 (D-26-22) 8cdb 629038 4268050 1979 4203 105 — P — — 2

55 (D-25-21) 36cbb 625552 4271649 1979 4001 98 25 P — — 3

56 (D-26-22) 16ccd 630490 4266132 1980 4459 150 40 S 120 150 3

57 (D-26-22) 7dad 628521 4268274 1982 4178 39 19 P — — 3

58 (D-26-22) 6cbd 627310 4269749 1955 4090 59 — P — — 3

59 (D-26-22) 7adb 628287 4268728 1961 4159 123 11 P — — 3

60 (D-26-22) 17aad 630084 4267402 1975 4314 80 36 P — — 1

61 (D-26-21) 1aca 626585 4270351 1982 4038 68 18 P — — 2

62 (D-26-22) 6cbb 627126 4270064 1956 4077 30 — P — — 3

63 (D-26-22) 7bbd 627259 4269083 1956 4088 59 23 P — — 3

64 (D-26-22) 15dca 632253 4266371 1969 4599 181 54 P — — 1

65 (D-26-22) 15ddc 632300 4266177 1975 4585 450 32 P — — 2

66 (D-26-22) 15bdc 631638 4266849 1992 4563 132 — P — — 1

67 (D-25-21) 35abb 624711 4272300 1991 3971 48 — P — — 3

68 (D-26-21) 2abd 624865 4270648 1994 3973 162 8 P — — 3

69 (D-26-22) 16ddb 630727 4266354 1977 4416 240 6 P 76 115 3

70 (D-26-22) 22bbb 631232 4265925 2003 4453 68 18 P — — 3

71 (D-26-22) 17acb 629504 4267185 1961 4362 154 126 P 16 79 3

72 (D-26-22) 7cab 627503 4268374 1968 4146 105 — P — — 3

73 (D-26-22) 17dbb 629574 4266764 1961 4426 206 80 S 6 69 1

74 (D-26-22) 8cdc 629082 4267883 1963 4232 168 — P — — 3

75 (D-26-21) 1abc 626380 4270576 1979 4027 70 28 P — — 3

76 (D-26-22) 17dbb 629541 4266941 1963 4407 211 — P — — 3

77 (D-26-21) 2aaa 625320 4270777 1997 3985 90 5 P — — 3

78 (D-26-22) 22cbc 631218 4264861 1977 4568 160 — P — — 1

79 (D-26-22) 7ddb 628396 4267978 1978 4215 115 — P — — 3

80 (D-26-22) 20abc 629497 4265707 1972 4564 220 150 P — — 1

81 (D-26-22) 7dad 628567 4268182 1977 4188 70 26 P — — 3

82 (D-26-22) 22bcc 631231 4265175 1971 4538 185 62 P — — 3

83 (D-26-22) 8ccc 628655 4267890 1971 4220 117 48 S 12 36 3

84 (D-25-21) 36cdb 625827 4271160 1978 4006 103 22 P — — 3

85 (D-26-22) 36dac 635647 4261793 2001 4852 285 210 P — — 1

86 (D-26-22) 36dab 635678 4261940 2001 4882 325 212 P — — 1

87 (D-26-22) 36bcc 634449 4261998 2004 4764 210 150 P — — 3

88 (D-26-22) 35acd 633864 4261993 1961 4738 210 140 P — — 3

89 (D-26-22) 21cca 630562 4264620 1979 4638 213 170 P — — 1

90 (D-26-22) 21ccb 630457 4264541 1980 4647 260 161 S 70 96 1

91 (D-26-22) 26dbd 633808 4263379 1985 4707 171 — P — — 1

92 (D-26-22) 26caa 633419 4263403 1978 4669 230 103 P — — 3

93 (D-26-22) 26bcd 633108 4263681 1979 4641 205 — P — — 1
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Site Local well Northing Easting Year Elevation Total Water Recharge Top of Bottom of Bedrock
# number or well (ft) depth level type confining confining completion

spring name drilled (ft) layer layer
(ft) (ft)

94 (D-26-22) 20ddb 630011 4264747 1978 4706 400 250 P — — 1

95 (D-26-22) 22aca 632186 4265530 1978 4536 115 33 P — — 2

96 (D-26-22) 23ccd 632958 4264400 1979 4617 100 58 P — — 1

97 (D-26-22) 20add 630252 4265448 1980 4532 260 — P — — 1

98 (D-26-22) 26ddb 633990 4263084 1979 4707 200 130 P — — 1

99 (D-26-22) 21cca 630587 4264671 1980 4638 210 165 P — — 1

100 (D-26-22) 26bcb 632770 4263876 1981 4617 105 60 P — — 3

101 (D-26-22) 21aac 630753 4265569 2000 4515 176 34 P — — 3

102 (D-26-22) 26bcb 632791 4263830 1985 4620 193 49 P — — 3

103 (D-26-22) 35add 634204 4262104 1980 4753 192 155 P — — 3

104 (D-26-22) 35dcd 633919 4261323 1977 4767 295 239 P — — 3

105 (D-26-22) 35bda 633424 4262272 1961 4718 210 140 P — — 3

106 (D-26-22) 26cda 633447 4263111 1978 4680 140 110 P — — 3

107 (D-26-22) 26dcb 633601 4263100 1991 4684 174 — S 90 120 3

108 (D-26-22) 35adb 634053 4262287 1992 4742 208 — P — — 1

109 (D-27-22) 1bbd 634712 4260787 1994 4842 510 306 P — — 1

110 (D-26-22) 21bba 630526 4265807 1973 4490 67 42 P — — 3

111 (D-26-22) 21ccb 630459 4264667 1998 4629 90 — P — — 3

112 (D-26-22) 27aaa 632612 4264207 1995 4602 82 27 P — — 3

113 (D-26-22) 36dba 635541 4261945 2000 4852 280 230 P — — 1

114 (D-26-22) 36daa 635868 4261960 2001 4889 345 247 P — — 1

115 (D-26-22) 36dab 635678 4261940 2001 4882 325 212 P — — 1

116 (D-26-22) 36dab 635632 4261945 2000 4872 280 230 P — — 1

117 (D-26-22) 36cad 635083 4261768 2002 4808 300 182 P — — 1

118 (D-26-22) 36dcb 635249 4261505 1995 4830 360 204 P — — 1

119 (D-26-22) 22aab 632409 4265975 1961 4580 100 16 P — — 1

120 (D-26-22) 22dcc 631968 4264400 1962 4587 84 — P — — 3

121 (D-26-22) 35bab 633266 4262612 1973 4696 211 — P — — 3

122 (D-26-22) 35bab 633342 4262667 1973 4696 211 — P — — 3

123 (D-26-22) 20abd 629671 4265763 1973 4556 260 — P — — 2

124 (D-26-22) 26aca 633777 4263875 2001 4718 305 117 P — — 1

125 (D-26-22) 20acd 629763 4265272 1978 4612 280 132 P — — 2

126 (D-26-22) 27ada 632548 4263809 1976 4620 136 — P — — 3

127 (D-26-22) 20dad 630151 4264957 1977 4641 220 — P — — 1

128 (D-26-22) 21cbc 630413 4264815 1979 4613 305 183 P — — 3

129 (D-26-22) 26dbc 633674 4263289 1979 4691 235 104 P — — 1

130 (D-26-22) 20dac 630055 4264913 1980 4649 320 206 P 85 150 3

131 (D-26-22) 21bbb 630440 4265764 1976 4495 250 62 P — — 1

132 (D-26-22) 35abd 633855 4262395 1961 4725 205 135 P — — 3

133 (D-26-22) 36dac 635656 4261802 2003 4853 285 235 P — — 1

134 (D-26-22) 36daa 635899 4261934 2001 4883 345 221 P — — 1

135 (D-26-22) 36dad 635906 4261741 2002 4894 425 236 P — — 1

136 (D-26-22) 22ddc 632455 4264406 1960 4581 130 21 P — — 3

137 (D-26-22) 21add 630873 4265201 1973 4549 120 112 P — — 3

138 (D-26-22) 26cdb 633265 4263093 1982 4673 192 — P — — 3

139 (D-26-22) 27add 632708 4263608 2003 4632 90 55 P — — 3

140 (D-26-22) 15cda 631766 4266338 1978 4547 183 53 P — — 1

141 (D-26-22) 16ccc 630371 4266003 1976 4476 238 — P — — 3

142 (D-27-22) 1bcb 634434 4260749 1998 4832 325 189 P — — 1
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Site Local well Northing Easting Year Elevation Total Water Recharge Top of Bottom of Bedrock
# number or well (ft) depth level type confining confining completion

spring name drilled (ft) layer layer
(ft) (ft)

143 (D-26-22) 8cbc 628702 4268151 1963 4194 145 86 S 61 85 2

144 (D-26-22) 26cca 632937 4263168 1970 4655 209 80 P — — 3

145 (D-26-22) 7cbc 627049 4268116 1978 4190 130 95 P 80 100 3

146 (D-26-22) 26cdb 633172 4263177 1982 4663 185 110 P — — 3

147 (D-26-22) 36dbc 635289 4261604 2000 4827 360 230 P — — 1

148 (D-26-22) 7cbd 627407 4268261 2000 4156 61 51 P — — 3

149 (D-26-22) 7cbd 627413 4268273 2000 4155 66 51 P — — 3

150 (D-26-22) 7cbd 627401 4268276 2000 4155 61 51 P — — 3

151 (D-27-22) 1cbc 634564 4260111 1999 4882 320 240 P — — 1

152 (D-27-22) 1cba 634757 4260216 1994 4876 265 158 S 0 25 1

153 (D-25-21) 26dcd 624774 4272563 2002 3997 53 30 P — — 3

154 (D-26-21) 2daa 624975 4270061 1978 3995 169 — P — — 3

155 (D-26-21) 2add 625278 4270160 1977 3985 93 — P — — 3

156 (D-26-22) 26bcc 632823 4263662 1985 4628 270 49 P — — 1

157 (D-26-22) 36dcd 635432 4261290 1995 4852 400 230 P — — 1

158 (D-25-21) 26cdd 624502 4272595 2002 3974 35 13 P — — 3

159 (D-25-21) 26cdd 624501 4272599 2002 3974 84 13 P — — 3

160 (D-26-22) 8cdc 629082 4267883 1963 4232 168 — P — — 3

161 (D-26-22) 8ccc 628655 4267889 1971 4220 117 48 S 12 36 3

162 (D-26-22) 36ccd 634680 4261323 1977 4815 280 239 P — — 1

163 (D-26-22) 6ccc 627118 4269460 1983 4081 57 — P — — 3

164 (D-26-22) 26acd 633867 4263758 2001 4745 252 128 P — — 1

165 (D-26-22) 7adb 628287 4268728 1961 4159 123 11 P — — 3

Explanation for Table G.1

Site number: See plate 7 for well location.  Wells not used to define recharge and discharge areas are not plotted.

Local well number: See text for explanation of well numbering system.

Elevation: In feet above sea level.

Well depth: In feet below land surface.

Water level: In feet below land surface.

Recharge type: P, primary recharge area; S, secondary recharge; D, discharge area.

Top of confining layer: Depth to first confining layer, in feet below land surface.

Bottom of confining layer: Depth to bottom of first confining layer, in feet below land surface.

Bedrock completion:
1, completed in the Glen Canyon Group;
2, completed in other bedrock;
3, completed in unconsolidated valley fill.

— no data available
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APPENDIX H

BACKGROUND INFORMATION FOR GROUND-WATER QUALITY CLASSIFICATION

GROUND-WATER QUALITY CLASSIFICATION

The following information, much of which is from the Utah Division of Water Quality’s (1998) Aquifer Classification Guid-
ance Document and Lowe and Wallace (1999a, b), outlines the purposes and requirements of ground-water quality classifica-
tion. 

Background Information About Ground-Water Quality Classification

On October 4, 1984, Utah Governor Bangerter issued an Executive Order stating, “The quality of ground water will be pro-
tected to a degree commensurate with current and probable future uses.  Preventive measures will be taken to minimize contam-
ination of the resource so that current and future public and private beneficial uses will not be impaired.”  Based on public com-
ments, the former Division of Environmental Health (now Department of Environmental Quality) implemented an anti-degrada-
tion approach using differential protection based on the quality or value of the ground-water resource.  The policy of differen-
tial protection recognizes possible impacts on ground-water from human activities, but limits any adverse impacts to pre-estab-
lished acceptable levels tied directly to the existing ground water quality.  Ground-water quality classification is one of the prin-
cipal means for implementing the differential protection policy because it establishes the quality of the ground-water resource.   

The Utah Ground Water Quality Protection Regulations, initially adopted in 1989, allow the Utah Water Quality Board to
classify the ground-water quality of all or parts of aquifers as a method for maintaining ground-water quality in areas where suf-
ficient information is available.  This includes a comprehensive understanding of the aquifer system supported by factual data
for existing water quality, potential contaminant sources, and current uses of ground water. Ground-water quality classification
(or reclassification) may be initiated by either the Utah Water Quality Board or by a petition submitted by a person, company,
or governmental entity.  At least one public hearing is required before the Utah Water Quality Board rules on the proposed clas-
sification.  Once the ground-water quality of an aquifer is classified, commensurate protection levels are applied to classified
areas based on the differential protection policy.

Ground-Water Quality Classification:  A Planning Tool

Ground-water quality classification is a planning tool for local governments to use in making land-use management deci-
sions.  It allows local governments to use ground-water quality as a reason for permitting or not permitting a proposed activity
or land use based on the differential protection policy.  Many facilities and/or activities exist which can and do have an impact
on ground-water quality, but are not regulated by state or federal laws.  Examples of such facilities/activities include septic tanks,
animal feed lots, land application of animal wastes, and some industrial/manufacturing activities.  Many of these facilities/activ-
ities are permitted through local land-use management programs.  From this perspective, ground-water quality classification can
be a useful tool for local governments, if they so desire, to manage their ground-water resources based on the beneficial use
established by ground-water quality classification.

There are many potential applications of ground-water quality classification as a land-use management tool.  One example
is using ground-water quality classification to establish zoning that will locate industrial facilities in areas where ground-water
quality is already poor, such as in some areas around Great Salt Lake.  Additionally, ground-water quality classification can be
used as a basis for determining the density of development in areas that use septic tanks for wastewater disposal.  Ground-water
quality classification also can be used as a basis for encouraging developers to invest in the infrastructure needed to connect a
proposed subdivision onto an existing sewer line, rather than dispose of domestic wastewater using septic-tank systems.  How-
ever, ground-water quality classification does not result in any mandatory requirement for local governments to take specific
actions, such as land-use zoning restrictions, technical assessments, or monitoring.
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APPENDIX I

GROUND-WATER CONTAMINATION FROM SEPTIC-TANK SYSTEMS

Pathogens

As the effluent from a septic-tank soil-absorption system leaves the drain field and percolates into the underlying soil, it can
have high concentrations of pathogens, such as viruses and bacteria.  Organisms such as bacteria can be mechanically filtered
by fine-grained soils and are typically removed after traveling a relatively short distance in the unsaturated zone.  However, in
coarse-grained soils, or soils containing preferential flow paths like cracks, worm burrows, or root holes, these pathogens can
reach the water table.  Pathogens can travel up to 40 feet (12 m) in the unsaturated zone in some soils (Franks, 1972).  Some
viruses can survive up to 250 days (U.S. Environmental Protection Agency, 1987), which is the minimum ground-water time of
travel for public water-supply wells or springs to be separated from potential biological contamination sources.

Household and Industrial Chemicals

Many household and industrial chemicals (table I.1) are commonly disposed of through septic systems and, unless they
volatilize easily, are not remediated by percolation through soils in the unsaturated zone.  Contamination from these chemicals
can be minimized by reducing their disposal via septic-tank systems, allowing the maximum potential for dilution of those chem-
icals that do reach ground water (Lowe and Wallace, 1999e).

Parameter Units Quantity

Total Solids mg/L 680 - 1000

Volatile Solids mg/L 380 - 500

Suspended Solids mg/L 200 - 290

Volatile Suspended Solids mg/L 150 - 240

BOD mg/L 200 - 290

Chemical Oxygen Demand mg/L 680 - 730

Total Nitrogen mg/L 35 - 170

Ammonia mg/L 6 - 160

Nitrites and Nitrates mg/L <1

Total Phosphorus mg/L 18 - 29

Phosphate mg/L 6 - 24

Total Coliforms **MPN/100#mL 1010 - 1012 

Fecal Coliforms **MPN/100#mL 108 - 1010 

pH — 7.2 - 8.5

Chlorides mg/L 86 - 128

Sulfates mg/L 23 - 48

Iron mg/L 0.26 - 3.0

Sodium mg/L 96 - 110

Alkalinity mg/L 580 - 775

P-Dichlorobenzene* mg/L 0.0039

Toluene* mg/L 0.0200

1,1,1-Trichloroethane* mg/L 0.0019

Xylene* mg/L 0.0028

Ethylbenzene* mg/L 0.004

Benzene* mg/L 0.005

* Volatile Organics are the maximum concentrations
**Most probable number

Table I.1. Typical characteristics of wastewater in septic-tank systems (from Hansen, Allen, and Luce, Inc., 1994).
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Phosphate

Phosphate, typically derived from organic material or some detergents, is discharged from septic-tank systems (Fetter, 1980).
While phosphate (and phosphorus) is a major factor in causing eutrophication of surface waters (Fetter, 1980), it is generally not
associated with water-quality degradation due to the use of septic-tank systems (Lowe and Wallace, 1999e).  Phosphates are
removed from septic-tank system effluent by absorption onto fine-grained soil particles and by precipitation with calcium and
iron (Fetter, 1980).  In most soils, complete removal of phosphate is common (Franks, 1972).

Nitrate

Ammonia and organic nitrogen, mostly from the human urinary system, are commonly present in wastewater within septic
tanks (table I.1).  Typically, almost all ammonia is converted into nitrate before leaving the septic-tank soil-absorption system
drain field.  Once nitrate passes below the zone of aerobic bacteria and the roots of plants, there is negligible attenuation as it
travels farther through the soil (Franks, 1972).  Once in ground water, nitrate becomes mobile and can persist in the environment
for long periods of time.  Areas having high densities of septic-tank systems risk elevated nitrate concentrations reaching unac-
ceptable levels.  In the early phases of ground-water quality degradation associated with septic-tank systems, nitrate is likely to
be the only pollutant detected (Deese, 1986).  Regional nitrate contamination from septic-tank discharge has been documented
on Long Island, New York, where many densely populated areas without sewer systems exist (Fetter, 1980).  
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APPENDIX J

AQUIFER HYDRAULIC PROPERTIES

Ground water in Moab-Spanish Valley is found in shallow valley-fill and deeper rock aquifers.  Because septic tanks are
only located in the valley-fill aquifer, we obtained additional data and information about the hydraulic characteristic of the val-
ley-fill aquifer.  The valley-fill aquifer of Moab-Spanish Valley constitutes a reservoir from which a considerable quantity of
water is recovered.  However, because the valley fill varies in texture and composition, its hydraulic properties are not constant
from place to place. Hydraulic properties of the valley-fill deposits in Moab-Spanish Valley were estimated using (1) description
of materials from the drillers’ logs of water wells, (2) a single-well aquifer test, and (3) well tests (specific-capacity) obtained
from drillers’ logs of water wells in the valley.

Aquifer Characteristics

The valley-fill aquifer in Moab-Spanish Valley consists of unconsolidated sediments of diverse origin.  A combination
of deposition, erosion, reworking, and redeposition of alluvial materials by streams and wind has produced a complex sequence
of layered, interbedded, and interfingered clay, silt, sand, gravelly sand, gravel, and boulders.  Hydraulic properties partially
depend on the environment of deposition as well as the types of materials that compose the valley fill.  The saturated valley fill
probably provides water through its entire length, with zones that are more productive than others.  The water-transmitting prop-
erties of the valley fill are determined by estimating the aggregate hydraulic conductivity of the discontinuous sequences of most-
ly gravel and sand.  Drillers’ water-well logs indicate the valley-fill consists of boulder, cobbles, gravel, sand, clay, and silt.  Any
layering, if present, cannot be readily correlated between water-well logs.  The gradational nature of the valley-fill deposits cre-
ates a broad range in both vertical and horizontal hydraulic conductivities.

From the character and genesis of the valley-fill material, it follows that sediments at the southeastern end of Moab-Span-
ish Valley are relatively thin, but coarse; in the center of the valley the sediments are coarse materials that are relatively thick
and thoroughly interconnected; deposits are coarser, more extensive, and more permeable towards the eastern side of the valley
and become progressively finer and less permeable away from the east side. Towards the distal (northwestern) end of the valley,
the valley-fill aquifer becomes progressively finer grained and thicker.  Some of the finer grained materials found in the north-
west end of the Moab-Spanish Valley are associated with the wetlands along the Colorado River (Sumsion, 1971).

Sand and gravel deposits are the principal water-bearing materials in Moab-Spanish Valley.  Estimates of the average
hydraulic conductivities of the materials in the valley-fill aquifer in Moab-Spanish Valley are given in table J.1.  As stated above,
higher hydraulic conductivities are expected to occur in the southeastern, center, and east side of the valley and lower values on
the west side and northwestern end of the valley.

Single-Well Aquifer Test

Location

The Utah Geological Survey conducted a single-well aquifer test in southern Spanish Valley, San Juan County, Utah from
June 24 to June 28, 2002.  The aquifer test was conducted on a well in section 35, T. 26 S., R. 22 E., Salt Lake Base Line and
Meridian.  The well is near the Grand-San Juan County line, on the San Juan side.  We attempted to locate other wells suitable
for an aquifer test, but no other test wells, for either a single- or multi-well aquifer test, could be located.  The aquifer-test well
is representative of other wells in the area in terms of construction, yield, and hydrologic position. The test was run during part
of the month of June, before the start of heavy summer use.  The well is completed in the saturated valley-fill aquifer.

Driller’s description Range of hydraulic conductivities
(ft/day)

Gravel 70 to 500
Silty sand and gravel 0.5 to 400

Boulders in a matrix of sand, silt, and clay .001 to 250
Sand 5 to 200

Sand and silt 0.1 to 100
Clay to silt .005 to 1

Table J.1. Estimated ranges of hydraulic conductivity of materials described in drillers’ logs of wells.

Ranges from Freeze and Cherry, 1979
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Aquifer Material

The aquifer at the aquifer-test site consists of unconsolidated sediments that the domestic well partially penetrates. The
water-well driller’s log indicates water was encountered in the well at 145 to 155 feet (44-47 m), and at 160 to 210 feet (49-64
m).  The driller indicated a clay layer, 5 feet (1.5 m) thick, between 155 feet and 160 feet (47-49 m) depth.  The driller’s log indi-
cates cobbles and boulders from the surface to 145 feet depth (0-44 m); these are probably in a matrix of clay and sand.  At a
depth of 145 to 155 feet (44-47 m), the log indicates gravel and then the 5 feet (1.5 m) thick clay layer below this.  The clay
layer is probably not continuous, and the aquifer is acting as one continuous aquifer.  The response of the aquifer to pumping in
this part of the valley suggests that the valley-fill aquifer is essentially unconfined.  Below the clay layer, from 160 to 210 feet
(49-64 m) depth, is gravel that includes the water-yielding interval.

Evaluation of Specific Capacity of the Well

We estimated the transmissivity of the aquifer penetrated by the well from a well test performed after its completion in
December of 1961, using the method of Theis (1963).  Theis’ (1963) analytical solution, used to predict transmissivity specific
capacity, was developed for an alluvial aquifer.  The well test involved pumping the well at 700 gallons per minute (2.7 m3/min)
for 9 hours (0.37 day), during which 50 feet (15 m) of drawdown was measured.  The specific capacity of the well, which is its
yield per unit of drawdown, was 14 gallons per minute per foot (0.17 m3/min/m), and we determined a transmissivity of about
5,717 square feet per day (531 m2/day) using the method of Theis (1963).

Description of Aquifer Test

To obtain additional transmissivities, hydraulic conductivities, and other information about the aquifer near the well, we con-
ducted a constant-discharge-rate aquifer test from June 24 to June 26, 2002, and measured recovery of the well from June 26 to
June 28, 2002.  The aquifer test consisted of pumping and observing the water level in one well.  The test used the existing pump
in the well running at its maximum capacity.  The well had not been pumped for 24 hours prior to the test.  Water was discharged
into a nearby pond about 300 feet (90 m) east of the well, through a 3-inch (8 cm) diameter pipe.  We measured discharge rates
during the aquifer test with a Controlotron clamp-on portable flow meter.  Discharge varied between 63 and 66.7 gallons per
minute (0.24-0.25 m3/min) and averaged about 65 gallons per minute (0.25 m3/min). The pumping rate probably did not stress
the aquifer substantially, and the aquifer test results were evaluated taking this into account.  

The static water level in the well at the beginning of the aquifer test, measured using an electric tape, was 135.95 feet (41.44
m).  This water level was assumed to be horizontal for the analysis of the aquifer-test data.  When the well was drilled in 1961,
the static ground-water level was reported at 140 feet (43 m), and in 1967 the water level was about 120 feet (37 m) as indicat-
ed in Sumsion (1971).

We monitored water levels in the well during the test using an electric tape.  After 24 hours and 20 minutes, we turned the
pump off and ended the drawdown phase of the test.  We monitored recovery and recorded water levels for 25 hours, until water
levels returned to the static water level.  Figure J.1 illustrates the water-level response during the aquifer test; this response
includes well losses and well-bore storage. The water level in the well was drawn down 2.48 feet (0.75 m) in 24 hours, and
returned to its pre-test levels in about 24 hours.

Drawdown Phase: We used the computer program AQTESOLVE for Windows (Hydrosolve, 1996) to evaluate the drawdown
phases of the aquifer test and determine “best fit” matches.  At the start of the drawdown phase of the aquifer test, a check valve
released water down the well column and well-bore storage effects, from the rapid removal of water from the well column, influ-
enced the first 10 minutes of measurements.  We used water-level measurements taken during the rest of the drawdown phase of
the aquifer test to determine the transmissivity of the aquifer near the pumping well.  We analyzed the drawdown phase of the
aquifer-test data using the Theis (1935) (figure J.2), and Neuman (1974) (figure J.3) analytical techniques, and the Cooper-Jacob
(1946) semilogarithmic approximation method (figure J.4) as implemented in AQTESOLVE for Windows.  The well-bore stor-
age effects caused the initial drawdown curve to be steeper than both the Theis and Neuman type curves.  We accounted for this
error in water-level measurements in matching type curves to the drawdown data.  Computations from the drawdown data indi-
cate a transmissivity of 6.182 square feet per minute (0.57 m2/min) using a Theis type curve, a transmissivity of 5.035 square
feet per minute (0.46 m2/min) using a Neuman type curve, and a transmissivity of 4.078 square feet per minute (0.38 m2/min)
using a Cooper-Jacob approximation.

Recovery Phase: After turning off the pump and ending the drawdown phase of the aquifer test, water in the well’s casing fell
back into the well, providing erratic data, so we could not get reliable water-level measures for the first 5 minutes of the recov-
ery test.  The water level in the well recovered to its pre-test level in about 24 hours after we turned off the pump.  We evaluat-
ed the post-five-minute recovery phase data for the well using the Theis recovery analytical techniques (figure J.5).  Using the
recovery data, we determined a transmissivity of 6.82 square feet per minute (0.63 m2/min) using a Theis recovery method.

Summary

Transmissivities calculated from our aquifer-test data range from 4.078 to 6.82 square feet per minute (0.38-0.63 m2/min).
The drawdown-phase data show a reasonably good match to Theis and Neuman type curves.  A reasonably straight line could
be fitted to part of the recovery data on a semilogarithmic plot.  The drawdown data results from the Neuman and Theis meth-
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Figure J.1. Water-level curves for the aquifer test conducted in the well from June 24 to June 28, 2002.  Time is relative to the aquifer test.

Figure J.2. Logarithmic graph of drawdown versus time in the well for the 24-hour aquifer test.  Logarithmic presentation used in matching test data
with a Theis type curve.
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Figure J.3. Logarithmic graph of drawdown versus time in the well for the 24-hour aquifer test.  Logarithmic presentation used in matching test data
with a Neuman type curve.

Figure J.4. Semilogarithmic graph of drawdown versus time in the well for the 24-hour aquifer test.   Semilogarithmic presentation used in solving
with a straight line.
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ods yield hydraulic conductivities characteristic of silt, silty sand, and clean sand, respectively (Freeze and Cherry, 1979).  Based
on the sediments described on the driller’s log, the hydraulic conductivities from the aquifer test analysis are characteristic of the
aquifer.

Additional Hydraulic Properties

We estimated additional hydraulic properties of the valley-fill deposits in Spanish Valley from the results of well-test data
from drillers’ reports throughout the valley.  Some of these values were reported in Sumsion (1971), and some are from other
wells located in the valley.  Wells completed in the valley-fill aquifer are concentrated along the center and in the northwest part
of the valley, but there has been enough development in the southern part of the valley to provide some additional information.
Estimates of hydraulic conductivity were determined for 32 wells in Spanish Valley by dividing the estimated transmissivity
determined from specific-capacity data by the thickness of the aquifer. Values of specific capacity, transmissivity, and hydraulic
conductivity for specific locations are listed in table J.2.  Specific-capacity values of wells completed in the valley-fill deposits
range from 0.66 to 60 gallons per minute per foot (0.008-0.74 m3/min per m) of drawdown.  Specific capacity depends on well
construction and hydraulic properties of the valley fill at the well.  Transmissivity of the valley-fill deposits ranges from 197 to
72,750 feet squared per day (18-6,758 m2/day).  Generally, the largest transmissivity values are found in the center of the val-
ley, where the valley fill is the thickest.

Figure J.5. Semilogarithmic graph of recovery of water level versus time in the well during the recovery test.  Semilogarithmic presentation used in
Theis recovery method.
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Well location Specific capacity Transmissivity Saturated Hydraulic 
gpm/ft of drawdown ft2/day thickness conductivity

ft ft/day

T.25 S. R.21 E. Sec36 cda 41 8,000 225 36

T.26 S. R.22 E. Sec 6 cbb 36 7,000 140 49

T.26 S. R.22 E. Sec 6 cbb 20 3,700 125 29

T.26 S. R.22 E. Sec 7 bac 25 4,300 125 35

T.26 S. R.22 E. Sec 8 cba 20 3,700 40 94

T.26 S. R.22 E. Sec 8 dcb 30 5,700 50 115

T.26 S. R.22 E. Sec 16 cdd 36 7,000 65 107

T.26 S. R.22 E. Sec 15 bdb 2.0 314 20 15.69

T.26 S. R.22 E. Sec 17 aac 48 8,700 50 174

T.26 S. R.22 E. Sec 17 aad 18 3,100 70 44

T.26 S. R.22 E. Sec 17 ada 10 1,600 50 32

T.26 S. R.22 E. Sec 17 cab 20 3,700 50 75

T.26 S. R.22 E. Sec 20 acd 20 3,700 30 124

T.26 S. R.22 E. Sec 21 bdd 20 3,600 50 72

T.26 S. R.22 E. Sec 22 cbd 5.45 816 12 68

T.26 S. R.22 E. Sec 22 cbb 32 5,700 75 76

T.26 S. R.22 E. Sec 22 cbd 60 11,600 100 116

T.26 S. R.22 E. Sec 22 dcb 90 13,900 105 132

T.26 S. R.22 E. Sec 22 abd 30 4,700 120 39

T.26 S. R.22 E. Sec 22 bdd 30 5,700 160 36

T.26 S. R.22 E. Sec 22 cbd 60 72,750 150 485

T.26 S. R.22 E. Sec 22 cbb 6.7 8,318 85 97.8

T.26 S. R.22 E. Sec 22 adb 2.4 2,930 110 26.6

T.26 S. R.22 E. Sec 22 acb 0.67 788 120 6.6

T.26 S. R.22 E. Sec 35 bbd 9 11,271 122 92.4

T.26 S. R.22 E. Sec 35 bdb 0.68 806 100 80.6

T.26 S. R.22 E. Sec 35 bda 4 4,959 95 52.2

T.26 S. R.22 E. Sec 35  daa 2.5 3,081 70 44.0

T.26 S. R.22 E. Sec 35  dda 3 3,974 90 44.2

T.26 S. R.22 E. Sec 36 cbd 5 6,216 80 77.7

T.27 S. R.22 E. Sec 1 cbc 0.75 197 40 4.9

T.27 S. R.22 E. Sec 1 dab 0.66 781 40 19.5

Table J.2. Estimated hydraulic properties of the valley-fill deposits.


