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INTRODUCTION 

This is a formal petition to the Utah Water Quality Board submitted by Grand and San 

Juan Counties to classify ground-water quality in the valley-fill aquifer of Moab-Spanish Valley, 

and the Glen Canyon aquifer upgradient of Moab-Spanish Valley, under "Administrative Rules 

for Ground Water Quality Protection R317-6, March 3, 2003," Section 317-6-5, Ground Water 

Classification for Aquifers, Utah Administrative Code. 

Moab and Spanish Valleys (figure 1) are two contiguous valleys in southeastern Utah, 

referred to as Moab-Spanish Valley. Moab-Spanish Valley is a semi-rural area in Grand and San 

Juan Counties that is experiencing an increase in residential development. The 2000 census 

population for the city of Moab was 4,779 (Demographic and Economic Analysis Section, 2001), 

with a Moab area "urbanized cluster" population of 6,470 representing Moab and outlying areas 

(Demographic and Economic Analysis Section, 2002); the population of all unincorporated areas 

of San Juan County was 9,293 (Demographic and Economic Analysis Section, 2001). By 2030, 

the populations of Moab and San Juan County are expected to increase to 5,719 and 10,923, 

respectively (Demographic and Economic Analysis Section, 2000). While most of the 

development 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 
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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 development may 

have on ground-water quality, particularly development 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. 

FACTUAL DATA 

Sufficient information is available to classify the valley-fill aquifer in Moab-Spanish 

Valley. Data required to formally petition the Utah Water Quality Board were obtained from 

previously published studies. Most of the information required for classification is contained on 

maps and data tables submitted with this petition, including: 

• Plate I - Ground-water quality map showing total-dissolved-solids concentrations. 

• Plate 2 - Ground-water quality classification map showing ground-water quality 

classification, well locations, and ground-water flow direction. 

• Plate 3 - Potential-contaminant-source map. 
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In addition, provided along with this petition are the following previously released 

publications containing valuable iillonnation about the Moab-Spanish Valley valley-fill aquifer: 

• Recharge areas and quality of ground water for the Glen Canyon and valley-fill aquifers, 

Spanish Valley area, Grand and San Juan Counties, Utah (Steiger and Susong, 1997). 

• Oeology and water resources of the Spanish Valley area, Grand and San Juan Counties, 

Utah (Surnsion, 1971) (Accessible via http://waterrights.utah.gov/cgi-

bin/libview .exe?Modinfo= Viewpub&LIBNUM=20-4-690) 

• A summary of the ground-water resources and geohydrology of Grand County, Utah 

(Eisinger and Lowe, 1999). 

GEOHYDROLOGIC CONDITIONS 

Geologic setting 

Structurally, Moab-Spanish Valley is part of a regionally extensive, collapsed salt 

anticline (figure 2) (Doelling and others, 1995). The Pennsylvanian Paradox Fonnation, which 

underlies the Paradox basin region, contains thick salt layers deposited under marine conditions 

(Hintze, 1 988). As these salt layers were buried by younger sediments, they became mobile and 

4 



110000' 

, ---
/ >"' 
I " 
I ~ ',,(!...,"~ 
I J ' 

!-.. j 
I ( )(-ltWash 

\ '\'1-
\ ) Oellenbaugh 

\ ~ 
\ ~ 

\ 
EMUY COlJ!-.IY\ 
WAYJIIECOL'l>'TYl 

0 

( --
\ 
\ 

\ 

I 
) 

OARFiEL~~uNTY . -. 

\ 
\ 

\ 
Ablt}o . 

Mount•lna · "'.'·.'~ 

\ 
I 

~ . , ..... , . 
. :4!..:;:: 

\ 
\ 
\.,.----:BOUNDARY OF 
\ PARADOX BASIN 
\ 

10 ' --\ 20 '- -~ 
~ooor:::::a~IC:IIIIi:::=-=--=' I 

Scale in miles I 

Location Map 

I 
\ 

' ' ' 

Juan 

UTAH '-, 

AAIZOHA ""'-------

EXPLANATION 

UNCOMPAHGRE 

PLATEAU 

'\_ - ...._.. - -
MONTEZUMA COUNTY 

• cortez 

lite Mountain 

_ .... -COl.~.···- · - ..... - - -
NEW MEXICO ....--_____ ,.,...,. 

-+-
Collapsed salt antidine 

Uncollapsed salt anticline 

Tertiary intrusive rock 

Figure 2. Regional tectonic setting of the study area, showing rrejor tectonic features including salt anticlines, 
Paradox Basin, U ncorrpahgr e uplift and fault, and Tertiary intrusions (rrodified from Doe! ling, 1988). 



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 anticline. 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 layers from the core of the 

anticline (Doelling and others, 1995). 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 (Doelling and others, 1995). 

Geologic units surrounding Moab-Spanish Valley include Pennsylvanian, Triassic, 

Jurassic, and Cretaceous sedimentary rocks (figure 3) (Weir and others, 1961 ; Doelling and 

others, 1995; Doelling, 2001 ). A small outcrop of gypsum and shale of the Pennslyvanian 

Paradox Formation caprock is exposed along the northwest margin ofMoab· Spanish Valley. 

The Triassic Chinle Formation is exposed at the base of the cliffs in the northwest end of Moab· 

Spanish Valley northwest of Moab (Doelling, 2001 ). Sandstone, siltstone, conglomeratic 

sandstone, and mudstone of the Triassic Chinle Formation are also exposed along the base of the 

cliffs along both margins of Moab-Spanish Valley from the northwest edge of Moab to Johnsons 

Up On Top (Doelling, 200 l ). 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 Formation and Navajo Sandstone are exposed in the cliffs and/or cap the 

cuestas and mesas in much of the Moab-Spanish 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 
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ground water, especially along the northwest margin of Moab-Spanish Valley. 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 Formation, sandstone and 

conglomerate of the Cretaceous Dakota Sandstone, and shale, siltstone, and sandstone of the 

Cretaceous Mancos Shale (Weir and others, 1961 ). 

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 others, 1995). 

Modern alluvium along Mill Creek and Pack Creek consists mainly of silty sand with abundant 

pebble and cobble 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). 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; thes 

deposits are up to 30 feet (9 m) thick and contain larger percentages of fine-grained material tha 

the underlying older alluvium (Doelling and others, 1995). Graveliferous older alluvium contai 

river and stream deposits, alluvial~fan deposits, and possibly some eolian interbeds, and is at 

least 406 fe.et ( 124 m) and possibly up to 450 feet ( 13 7 m) thick (Doelling and others, 1995). 

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 
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cobble gravel with boulders common in the upper reaches of the fans (Doelling and others, 

1995). 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), 

and landslide deposits are mapped in the far southeast end of the valley (Weir and others, 1961 ). 

Well-sorted, unstratified to cross-bedded windblown sand deposits cover surfaces and fill 

hollows at many locations along the margins ofMoab-Spanish Valley (Weir and others, 1961; 

Doelling, 2001 ). 

Ground-Water Conditions 

Introduction 

Ground water in Moab-Spanish Valley occurs in two types of aquifers: (I) fractured 

bedrock, and (2) valley-fill deposits (figure 4). The geologic and hydrologic characteristics of 

the rock units in the Moab-Spanish Valley drainage basin is summarized in table I. Much of this 

section is from Eisinger and Lowe (1999). Herein, we describe and emphasize the Glen Canyon 

aquifer and valley-fill aquifer. 

Ground-water quality in both the Glen Canyon aquifer and Moab-Spanish Valley's 

valley-fill aquifer is generally good and is suitable for most uses. Under drinking-water and 

ground-water protection regulations, ground water is classified based largely on total-dissolved

solids (TDS) concentrations as shown in table 2. Class lA and II waters are considered suitable 
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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 permeability 

(Jobin, 1962). There is a slight increase in average grain size and a slight decrease in 

cementation toward the upper parts of the Navajo (Uygur, 1980), resulting in a corresponding 

slight upward increase in porosity 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 conductivity of an open 0.001-inch- (0.003 em) wide fracture would be 132 

feet per day ( 40 m/d). However, such a calculation overestimates 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 rnld) for a 44-foot (13m) interval of fractured 

Navajo 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 (65m2/d) in the southwest; 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, in 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 
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(Blanchard, 1990). The direction of ground-water flow in the Glen Canyon aquifer is generally 

to the west, west-northwest (Blanchard, 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 southeast side of the valley in the vicinity of Moab, to gaining reaches of 

Mill and Pack Creeks, and as subsurface recharge to the valley-fill aquifer (Sumsion, 1971; 

Blanchard, 1990). 

Ground-Water Quality: Rush and others (1982) reported that total-dissolved-solids 

concentrations for nine samples from the Wingate Sandstone ranged from 164 to 680 mg/L, with 

an average of260 mg!L. One sample from Salt Springs, which discharges from the base of the 

Wingate Sandstone, had an unusually high specific conductance of3,760 micrornhos per 

centimeter at 25°C, 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 total-dissolved-solids concentrations ranging from 161 to 174 mg!L, and that a 

sample from a 765-feet-deep well in Arches National Park had a total-dissolved-solids 

concentration of280 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). 

The Navajo Sandstone generally produces water with low total-dissolved-solids 

concentrations due to a low soluble-mineral content and because it has an extensive outcrop area 

in southern Grand County that receives recharge from direct infiltration of precipitation (Rush 
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and others, 1982). Weir and others (1983) reported that total-dissolved-solids 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 total-dissolved-solids concentrations ranging from 102 

to 385 mg/L, and that two wells completed in the Navajo Sandstone had total-dissolved-solids 

concentrations of210 and 360 mg/L. The Navajo Sandstone typically contains calcium

bicarbonate- or calcium-magnesium-bicarbonate-type water (Weir and others, 1983; Blanchard, 

1990). 

The Utah Division of Water Quality, as part of Steiger and Susong's (1997) study, 

sampled wells from the undivided Glen Canyon Group in the Moab-Spanish Valley area where 

the Glen Canyon aquifer generally contained water with total-dissolved-solids concentrations of 

less than 500 mg/L, and where 83 percent of the Glen Canyon aquifer samples had total

dissolved-solids concentrations of less than 250 mg/L. Nitrate-plus-nitrate concentrations in 

ground water from wells completed in the Glen Canyon aquifer, based on Steiger and Susong's 

(1997) data ranged from 0.2 to 15.2 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 that is used mostly for irrigation and 

for some domestic water supply (Steiger and Susong, 1997). The 400-foot valley fill , 
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predominately stream alluvium and alluvial-fan deposits, is up to 450 feet (120-140 m) thick in 

northwestern Moab-Spanish Valley near the Colorado River (Doelling and others, 1995). These 

deposits were estimated 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-Spanish Valley is about 

70 feet (20m) (Surnsion, 1971). Moab-Spanish Valley had over 200 wells completed in 

unconsolidated deposits in the late 1960s (Sumsion, 1971); these wells range in depth from 30 to 

300 feet (9-90 m) (Gloyn and others, 1995; Lowe, 1996) and have water yields ranging from 8 to 

1,000 gallons per minute (0.5-60 Lis) (Sumsion, 1971). The average transmissivity for the 

Moab-Spanish Valley valley-fill aquifer is estimated at approximately 10,000 square feet per day 

(900m2/d) (Sumsion, 1971). Sumsion (1971) estimated approximately 200,000 acre-feet (250 

hm3
) of recoverable water in storage in the Moab-Spanish Valley valley-fill aquifer. 

Ground-Water Depth, Volume, and Flow Direction: The water table ranges from 10 feet (3 

m) below the land surface at the northwest end ofMoab-Spanish Valley to over 180 feet (50 m) 

below the land surface 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 hm\ Ground-water flow in the valley-fill aquifer is 

generally to the northwest (Steiger and Susong, 1997). Sumsion (1971) estimated the hydraulic 

gradient 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 (Sumsion, 1971, plate 2). 
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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 from the 

east 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 outflow to the Colorado River; evapotranspiration by phreatophytes 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's valley fill is 

generally 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 ). 

Sumsion (1971) reported samples collected from nine wells having total-dissolved-solids 

concentrations ranging from 169 to 1,020 mg/L. Steiger and Susong (1997) reported that 

samples from more than 20 wells completed in the unconsolidated aquifer in Moab-Spanish 

Valley had total-dissolved-solids concentrations ranging from 260 to 1,818 mg/L, but that about 

86 percent of the samples had total-dissolved-solids concentrations ofless than 1,000 mg/L. The 

water in the Moab-Spanish Valley unconsolidated aquifer is generally of poorer quality than 

water in the Glen Canyon aquifer (Steiger and Susong, 1997), and mixing of water from this 
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Table .2. 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). 

Ground-Water Quality Class TDS Concentration Beneficial Use 

Class IAIIB1/IC2 less than 500 mg/I} Pristine/Irreplaceable/ 
Ecologically Important 

Class II 500 to less than 3,000 Drinking Water4 

mg!L 

Class III 3,000 to less than 10,000 Limited Use5 

mg!L 

Class IV 10,000 mg!L and greater Saline6 

Irreplaceable ground water (Class ffi) IS a source of water for a community pubhc 
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 7,000 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. 
~ay have economic value as brine. 

for drinking water, provided concentrations of individual constituents do not exceed state and 

federal ground-water quality (health) standards. Class Ill water is generally suitable for drinking 

water only if treated, but can be used for some agricultural or industrial purposes without 

treatment; ground water that falls within classes lA or II based on TDS concentrations, but have 

individual constituents that exceed ground-water quality (health) standards, fall within Class Ill. 

Class IV water, though not suitable for drinking, may in some instances be mined for its 

dissolved minerals. Two other ground-water quality classes, Class IB (Irreplaceable) and Class 

IC (Ecologically Important), are not based on TDS concentrations. Water salinity is classified 
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based on concentration ofTDS in milligrams per liter (mg!L) as follows: fresh, 0 to 1,000 mg/L; 

slightly saline, 1,000 to 3,000 mg!L; moderately saline, 3,000 to 10,000 mg/L; very saline, 

10,000 to 35,000 mg!L; and briny, more than 35,000 mg/L (U.S. Geological Survey, 2000) 

Fractured-Rock Aquifers 

Occurrence: The Wingate, Kayenta, and Navajo Formations comprise the Glen Canyon 

aquifer, the principal fractured-rock aquifer in the Moab-Spanish Valley area (Sumsion, 1971 ). 

The Glen Canyon aquifer is the principal source of drinking water, and the principal aquifer 

targeted for public water-supply wells, for the Moab-Spanish Valley area (Steiger and Susong, 

1997). 

The Wingate Sandstone is fine grained and well sorted, with massive, tabular cross

stratification (Sumsion, 1971). It is typically between 150 and 450 feet (50 and 140m) 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 in most areas of Grand County that 

separates the Wingate aquifer from the overlying Navajo aquifer; in the Moab-Spanish Valley 

area, it consists mostly of sandstone, therefore these three units together form the single Glen 

Canyon aquifer (Blanchard, 1990; Steiger and Susong, 1997). 
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The Wingate Sandstone's intrinsic permeability is low because of its fine-grained nature, 

but it is a competent formation 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 Lis) (Blanchard, 1990). Estimated hydraulic conductivity ranges from 0.1 feet 

per day to 0.4 feet per day (0.03-0.1 mid), 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 is fine grained, displays thick, eolian (wind-formed) cross-beds, is 

weakly cemented by silica or calcium carbonate, and is exposed extensively 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 Lis), and well discharge is as high as 2,000 gallons per 

minute (125 Lis) (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 permeability 
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(Jobin, 1962). There is a slight increase in average grain size and a slight decrease in 

cementation toward the upper parts of the Navajo (Uygur, 1980), resulting in a corresponding 

slight upward increase in porosity 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 

mid) (Hood and Patterson, 1984). Based on oil well data, Hood and Patterson (1984) calculated 

that the hydraulic conductivity of an open 0.00 l-inch- (0.003 em) wide fracture would be 132 

feet per day ( 40 rnld). However, such a calculation overestimates 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 rnld) for a 44-foot (13m) interval of fractured 
,. 

Navajo 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 rnld). 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 southwest; hydraulic 

conductivity ranges from as low as 0.4 feet per day (0.1 rnld) in the northeast to 1 foot per day 

(0.3 m/d) in the southwest (Jobin, 1962, in 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 Canyon aquifer is generally 

to the west, west-northwest (Blanchard, 1990), or southwest (Steiger and Susong, 1997). Most 
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of the discharge from the Glen Canyon aquifer in the Moab-Spanish Valley area is to wells and 

springs, mostly on the southeast side of the valley in the vicinity of Moab, to gaining reaches of 

Mill and Pack Creeks, and as subsurface recharge to the valley-fill aquifer (Sumsion, 1971; 

Blanchard, 1990). 

Ground-Water Quality: Rush and others ( 1982) reported that total-dissolved-solids 

concentrations for nine samples from the Wingate Sandstone ranged from 164 to 680 rng!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 of3,760 micromhos per 

centimeter at 25°C, 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 total-dissolved-solids concentrations ranging from 161 to 174 mg/L, and that a 

sample from a 765-feet-deep well in Arches National Park had a total-dissolved-solids 

concentration 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). 

The Navajo Sandstone generally produces water with low total-dissolved-solids 

concentrations due to a low soluble-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 total-dissolved-solids concentrations for 

six samples collected from the Navajo Sandstone ranged from 163 to 505 mg/L, and averaged 
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275 mg!L. Blanchard (1990) reported that water samples from five springs issuing from the 

Navajo Sandstone in Grand County had total-dissolved-solids concentrations ranging from 102 

to 385 mg/L, and that two wells completed in the Navajo Sandstone had total-dissolved-solids 

concentrations of210 and 360 mg!L. The Navajo Sandstone typically contains calcium

bicarbonate- or calcium-magnesium-bicarbonate-type water (Weir and others, 1983; Blanchard, 

1990). 

The Utah Division of Water Quality, as part of Steiger and Susong's (1997) study, 

sampled wells from the undivided Glen Canyon Group in the Moab-Spanish Valley area where 

the Glen Canyon aquifer generally contained water with total-dissolved-solids concentrations of 

less than 500 mg!L, and where 83 percent of the Glen Canyon aquifer samples had total

dissolved-solids concentrations of less than 250 mg!L. Nitrate-plus-nitrate concentrations in 

ground water from wells completed in the Glen Canyon aquifer, based on Steiger and Susong's 

{1997) data ranged from 0.2 to 15.2 mg!L. 

Valley-Fill Aquifer 

Occurrence: Once the principal source of all ground-water used in Moab-Spanish Valley 

(Sumsion, 1971), the valley-fill de osits now provide water that is used mostly for irrigation and 

for some domestic water su ply (Steiger and Susong, 1997). The 400-foot valley fill, 

predominately stream alluvium and alluvial-fan deposits, is up to 450 feet (120-140 m) thick in 

northwestern Moab-Spanish Valley near the Colorado River (Doelling and others, 1995). These 
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deposits were estimated 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-Spanish Valley is about 

70 feet (20 m) (Sumsion, 1971 ). Moab-Spanish Valley had over 200 wells completed in 

unconsolidated deposits in the late 1960s (Sumsion, 1971 ); these wells ran~ in depth from 30 to 

300 feet (9-90 m) (Gloyn and others, 1995; Lowe, 19961 and have water yields ranging from 8 to 
~ , 

1,000 gallons per minute (0.5-60 Lis) (Sumsion, 1971). The average transmissivity for the 

Moab-Spanish Valley valley-fill aquifer is estimated at approximately 10,000 square feet per day 

(900 m2 /d) (Sumsion, 1971 ). Sums ion ( 1971) estimated approximate~200_.z.2_00 acre-feet (25~ 

hm3
) of recoverable water in storage in the Moab-Spanish Valley valley-fill aquifer. -

Ground-Water Depth, Volume, and Flow Direction: The water table ranges from 10 feet (3 

m) below the land surface at the northwest end of Moab-Spanish Valley to over 180 feet (50 m) 

below the land surface 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, Sums ion ( 1971) estimated the average volume of ground water stored in the valley-fill 

aquifer to be about 200,000 acre-feet (250 hrn\ Ground-water flow in the valley-fill aquifer is 

generally to the northwest (Steiger and Susong, 1997). Sumsion ( 1971) estimated the hydraulic -
wadient to be 0.013 to the northwest at th~west end of Moab-Spanish Valle_r; the~ 

£radient fl~ns to about 0.08 at the abandoned Grand County Airport (Sumsion, 1971, plate 2). 
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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 from the 

east 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 outflow to the Colorado River; evapotranspiration by phreatophytes and 

hydrophytes; and consumptive use of ground water for irrigation, public supply, domestic 

purposes, and sewage treatment (Swnsion, 1971). 

Ground-Water Quality: Ground-water quality in Moab-Spanish VaHey's valley fill is 

generally 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 ). 

Sums ion ( 1971) reported samples collected from nine wells having total-dissolved-solids 

concentrations ranging from 169 to 1 ,020 mg!L. Steiger and Susong ( 1997) reported that 

samples from more than 20 wells completed in the unconsolidated aquifer in Moab-Spanish 

Valley had total-dissolved-solids concentrations ranging from 260 to 1,818 mg!L, but that about 

86 percent of the samples had total-dissolved-solids concentrations of less than 1,000 mg/L. The 

water in the Moab-Spanish Valley unconsolidated aquifer is generally 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 total-dissolved-solids concentrations in the 
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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. 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 

attributed nitrate-plus-nitrite concentrations of greater than 3 mg/L in an area in the central 

portion of the valley to possibly be the result of human activities. This is an area where domestic 

wastewater is or, until recently, was disposed via septic tank soil-absorption systems. 

GROUND-WATER QUALITY CLASSIFICATION DATA 

Glen Canyon Aquifer 

The Utah Geological Survey, used ground-water quality data compiled from 24 water 

wells completed in the undivided Glen Canyon aquifer in the Moab-Spanish Valley area by 

Steiger and Susong (1997). Total-dissolved-solids concentrations were typically less than 500 

mg/L, and 83 percent of the Glen Canyon aquifer samples had total-dissolved-solids 

concentrations of less than 250 mg/L (appendix A). Nitrate-plus-nitrate concentrations in ground 

water from wells completed in the Glen Canyon aquifer, based on Steiger and Susong's (1997) 
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data ranged from 0.2 to 15.2 mg/L (appendix A). As part of this ground-water quality 

classification, we also obtained maps from petition to designate the Glen Canyon aquifer a Sole 

Source Aquifer in the area east of Moab-Spanish Valley; this petition was approved in 2002 by 

the U.S. Environmental Protection Agency (http://www.epa.gov/EPA-WATER/2002/Januarv/Day-07/w297.htm) 

(appendix B). 

Valley-Fill Aquifer 

The Utah Geological Survey used ground-water quality data fro~ and one 

surface-water site sampled between 1968 and 2002 by the U.S. Geological Survey, Utah 

Division ofWater Quality, Utah Department of Agriculture and Food (13 wells)Jnd public-

water suppliers (9 wells). The U.S. Geological Survey and Utah Division of Water Quality data 

(~wells) are from a study conducted by Steiger and Susong (1997) that was specifically -
designed to provide the information (water-quality and recharge-area mapping) necessary for 

ground-water quality classification. Ground water from all 31 of the U.S. Geologica,] -
Survey/Utah Division of Water Quali!Y wells and one stream sample on Pack Creek were 
"'--- -
analyzed for general chemistry and nutrients by the Utah Department of Epidemiology and 

water fr 

sampled in September 2000, and analyzed for specific conductance (figure 5) (except for two 
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Figure 5. Specific oonducta.nce versus total-dissolved-solids ooncentration 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 oonductance: KA=S, where K=specific oonductance, S• TDS, A ranges 
from 0.59 to 0.87 and with an average A=O. 71 used as the ron version factor to oompute TDS in the valley. 
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wells), pesticides, and nutrients (appendix A) by the Utah Department of Agriculture and Food 

(Quilter, 2001 ), and specific-conductance, total-dissolved-solids concentration, and selected data 

from other ground-water constituents from 9 wells (four without total-dissolved-solids data) 

collected from public-supply wells and analyzed by the Utah Department of Epidemiology and 

Laboratory Services (appendix A). 

Total-Dissolved-Solids Concentrations 

The Utah Water Quality Board's drinking-water quality (health) standard for total 

dissolved solids is 2,000 mg!L for public-supply wells (table 3). The secondary ground-water 

quality standard is 500 mg!L (U.S. Environmental Protections Agency, 2002) (table 3), and is 

primarily due to imparting a potential unpleasant taste to the water (Bjorklund and McGreevy, 

1971). Plate 1 shows the distribution of total dissolved solids in Moab-Spanish Valley's valley

fill aquifer; the total-dissolved-solids concentrations lines are largely from Steiger and Susong 

(1997) because 15 ofthe 16 additional wells with total-dissolved-solids-concentration data used 

in this classification fit within their mapped contours. Based on data from ground-water samples 

from the 52 wells and one Pack Creek sample (TDS of732 mg!L), total-dissolved-solids 

concentrations in the valley-fill aquifer of Moab-Spanish Valley range from 140 to 1,818 mg!L, 

with only 4 wells exceeding 1,000 mg!L TDS and an overall average total-dissolved-solids 

concentration of687 mg/L (appendix A, plate 1). 
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The higher total-dissolved-solids concentrations exist in the central part of Moab-Spanish 

Valley on the west side of Pack Creek (plate 1) (Steiger and Susong, 1997). The lower total-

dissolved-solids concentrations are found on the east side of Moab-Spanish Valley (plate 1 ); the 

lower total-dissolved-solids concentrations are likely the result of higher quality water 

discharging from the Glen Canyon aquifer and mixing with water in the valley-fill aquifer 

(Steiger and Susong, 1997). 

Nitrate Concentrations 

The ground-water quality (health) standard for nitrate is 10 mg/L (table 3) (U.S. 

Environmental Protection Agency, 2002). More than 10 mg!L of nitrate in drinking water can 

result in a condition known as methoglobinemia, or "blue baby syndrome" (Comley, 1945) in 

infants under six months and can be life threatening without immediate medical attention (U.S. 

Environmental Protection Agency, 2002). This condition is characterized by a reduced ability 

for blood to carry oxygen. Based on data from ground-water samples from 52 wells and one 

surface-water site, nitrate-as-nitrogen concentrations range from less than 0.06 to 7.37 mg/L, 

with 12 wells yielding ground water above 3 mg/L and an overall average nitrate concentration 

of2.2 mg!L (appendix A). Most of those wells yielding ground water with nitrate concentrations 

activity (Steiger and Susong, 1997), possibly domestic wastewater disposa 

systems. 
~ 
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Other Constituents 

Based on the data presented in appendix A, three wells exceeded primary water-quality 

standards for the metals lead, silver, and selenium; four wells exceeded water-quality standards 

for radionuclides alpha (3 wells), beta (2 wells), radium (1 well), and uranium (1 well); no 

samples from any of the wells sampled for pesticides were detected (Quilter, 2001). Sixteen 

wells exceeded secondary ground-water quality standards for iron (1 well) and sulfate (15 wells) 

(appendix A). 

The secondary ground-water quality standard for iron is 300 ~giL (table 3) (U.S. 

Environmental Protection Agency, 2002), primarily to avoid objectionable staining to plumbing 

fixtures, other household surfaces, and laundry (Fetter, 1980; Hem, 1989). 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 sometimes, 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 3) (U.S. 

Environmental Protection Agency, 2002), primarily due to odor/taste problems and because 

high-sulfate water can have a laxative effect (Fetter, 1980). Dissolved concentrations of sulfate 

exceeding standards in Moab-Spanish Valley's principal aquifer range from 251.5 to 1 ,061 

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 
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and sedimentary rocks are common sources of sulfur in its reduced fonn (Hem, 1989), as is 

gypsum which occurs in the Paradox Formation. 

PROPOSED CLASSIFICATION 

Under "Administrative Rules for Ground Water Quality Protection R317-6, March 3, 

2003," Section 317-6-3, Ground Water Classes, Utah Administrative Code, Utah's ground-water 

quality classes are based on TDS concentrations as follows: Class lA (Pristine ground water), 

less than 500 mg!L; Class II (Drinking Water Quality ground water), 500 to less than 3,000 

mg!L; Class III (Limited Use ground water), 3,000 to less than 10,000 mg!L; and Class IV 

(Saline ground water), 10,000 mg/L and greater. In addition, ground water with TDS 

concentrations that fall within the Class IA or Class II ranges, but have one or more 

contaminants that exceed ground-water quality standards, is classified as Class III. Two other 

classes, IB and IC, are not based on ground-water chemistry. Class m ground water, called 

Irreplaceable ground water, is a source of water for a community public drinking-water system 

for which no reliable supply of comparable quality and quantity is available because of economic 

or institutional constraints. Class IC ground water, called Ecologically Important ground water, 

is a source of ground-water discharge important to the continued existence of wildlife habitat; 

this class has not been considered as part of this petition. Ground-water protection levels for 

classes IA and lB, as set under "Administrative Rules for Ground Water Quality Protection 
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R317-6, March 3, 2003," Section 317-6-4, Ground Water Class Protection Levels, Utah 

Administrative Code, are more stringent than for other ground-water quality classes. 

Glen Canyon Aquifer 

Grand and San Juan Counties are petitioning the Utah Water Quality Board to an 

irregularly shaped area (plate 2) approximately 22 miles (35 km) long and 9 miles (14 km) 

upgradient from Moab-Spanish Valley as Class IB, Irreplaceable Ground Water. This 

classification is based primarily on the U.S. Environmental Protection Agency's Soul Source 

Aquifer designation for the Glen Canyon aquifer in this area (appendix B) as shown on plate 2. 

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 (appendix A). 

Valley-Fill Aquifer 

Grand and San Juan Counties are petitioning the Utah Water Quality Board to classify the 

principal valley-fill aquifer in Moab-Spanish Valley as shown on plate 2. The classification is 

based on data from ground water from 52 wells and one surface-water site presented in appendix 

A. Total-dissolved-solids concentrations for eleven wells sampled by the Utah Department of 

Agriculture and Food was calculated based on the relationship between specific conductance and 

TDS derived from data from 21 of the wells in Moab-Spanish Valley for which both values are 

known (figure 5, appendix A). Where insufficient data exists, extrapolation of ground-water 
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quality conditions is required. We based the extrapolation on local geologic characteristics. The 

classes (plate 2) are described below. 

Class lA- Pristine ground water: For this class, total-dissolved-solids concentrations in Moab

Spanish Valley range from 140 to 404 mg/L (appendix A). Class IA areas are mapped primarily 

along the central eastern and northeastern margins of the valley where recharge from the Glen 

Canyon aquifer is sufficient to keep the valley-fill aquifer ground water diluted below 500 mg/L 

total dissolved solids (plate 2). Areas having Pristine water quality cover about 18 percent of the 

total valley-fill material. 

Class II- Drinking Water Quality ground water: For this class, TDS concentrations in the 

Moab-Spanish Valley valley-fill aquifer range from 564 to 1,818 mg/L (appendix A). Total 

valley-fill area coverage of Class II water quality is 82 percent (plate 2). We project Class II 

ground-water quality in the southeastern part of the valley (plate 2) based on extrapolated 

geologic conditions (figure 3); 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 total-dissolved-solids concentrations between 500 and 

3,000 mg/L (Drinking Water Quality) or greater. 

CURRENT BENEFICIAL USES 
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Ground water is the most important source ofwater in Moab-Spanish Valley. In the 

Moab-Spanish Valley area, about 79 percent of municipal, culinary, and industrial water is from 

ground water (Utah Division of Water Resources, 2000). Most public water-supply wells are 

completed in the Glen Canyon aquifer (Steiger and Susong, 1997). 

WATER-SUPPLY WELLS 

There are 1,500 approved water wells in Moab-Spanish Valley based on Utah Division of 

Water Rights records, 23 of which are public-supply wells (Mark Jensen, Division of Drinking 

Water, personal communication, August 2002). The location of all wells is shown on plate 2. 

POTENTIAL CONTAMINANT SOURCES 

We mapped potential ground-water contaminant sources including some facilities related 

to mining, agricultural practices, and junkyard/salvage areas (appendix C, plate 3). A primary 

objective was to identify potential contaminant sources to establish a relationship between water 

quality and land-use practices. We mapped approximately 407 potential contaminant sources in 

the following categories in Moab-Spanish Valley: 

( l) mining, which includes abandoned and active gravel mining operations and uranium 

tailings, 
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(2) agricultural practices, which consist of irrigated and non-irrigated fanns, vineyards, 

and orchards; active and abandoned animal feed lots, corrals, stables/barnyards; and 

animal wastes that are dominantly produced from feeding facilities, waste transported by 

runoff, and excrement on grazing or pasture land that potentially contribute nitrate, 

(3) junkyard/salvage areas that potentially contribute metals, solvents, and petroleum 

products, 

(4) government facility/equipment storage associated with a variety of sources such as 

salt storage facilities, and transportation/equipment storage that may contribute metals, 

solvents, and petroleum, 

(5) cemeteries, nurseries, greenhouses, ball parks, and golf courses that may contribute 

chemical preservatives, fertilizer, and pesticides, and 

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

In addition to the above-described potential contaminants, plate 3 shows the distribution 

of septic tank soil-absorption systems in Moab-Spanish Valley. Historically, about 1 ,600 septic 
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Moab-Spanish Valley (Lance Christie, written communication, June 2003, Jim Adamson, 

Southeastern Utah District Health Department, written communication, October, 2002). Septic

tank systems may contribute contaminants such as nitrate and solvents. All approved water 

wells, shown on plate 2, are also considered potential contaminant sources. 

EXISTING POLLUTION SOURCES 

Tailings piles from Uranium mining in northern Moab-Spanish Valley from a local 

uranium mill has poisoned endangered fish that live in the Colorado River, according to a recent 

study by the U.S. Geological Survey (studied from August 1998 to February 2000). The study 

indicates no direct link between surface and ground water, but at least 10.5 million tons of waste 

residue have had deleterious affect on four endangered fish species in the Colorado River. Some 

wells in the area have uranium and radium exceeding ground-water quality standards, but are not 

proximal to the tailings; no wells were sampled near the tailings piles to determine water quality 

there. 

GROUND-WATER FLOW 

The direction of ground-water flow in the Glen Canyon aquifer is generally to the west, 

west-northwest (Blanchard, 1990), or southwest (Steiger and Susong, 1997). Ground water 
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flows from valley margins towards Pack Creek throughout the valley and Mill Creek to the east, 

and then generally to the northwest parallel to Pack Creek towards the Colorado River (plate 2). 

SUMMARY 

Ground water is an important source of drinking water in Moab-Spanish Valley. Ground-

water quality classification is a tool that can be used in Utah to manage potential ground-water 

contamination sources and protect the quality of ground-water resources. The results ofth~ .... 

proposed ground-water quality classification for Moab-Spanish Valley indicate that the valley; 

fill aquifer contains mostly high-quality ground-water resources that warrant protectio . 

Eighteen percent of ground-water wells representing the aquifer in the area is classified as Class 

IA, and 82 percent is classified as Class II, based on chemical analyses of water from 52 wells 

and one surface-water source sampled between 1968 and 2001 (TDS range of 140 to 1,818 

mg!L). Additionally, ground-water quality in the Glen Canyon aquifer along the eastern margin 

of Moab-Spanish Valley has TDS concentrations typically below 500 mg/L and has been 

designated a Soul Source Aquifer by the U.S. Environmental Protection Agency; this area is 

classified as Class m. 
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