DNR



WETLANDS IN NORTHERN SALT LAKE VALLEY, SALT LAKE
COUNTY, UTAH—AN EVALUATION OF THREATS POSED BY
GROUND-WATER DEVELOPMENT AND DROUGHT

by Sandow M. Yidana, Mike Lowe, and Richard L. Emerson

Cover Photo: View looking to the northeast of southern Great Salt Lake wetlands in Salt Lake County, Utah.

DNR REPORT OF INVESTIGATION 268
UTAH GEOLOGICAL SURVEY

a division of
UTAH DEPARTMENT OF NATURAL RESOURGES

2010



STATE OF UTAH
Gary R. Herbert, Governor

DEPARTMENT OF NATURAL RESOURCES
Michael Styler, Executive Director

UTAH GEOLOGICAL SURVEY
Richard G. Allis, Director

PUBLICATIONS
contact
Natural Resources Map & Bookstore
1594 W. North Temple

Salt Lake City, UT 84116

telephone: 801-537-3320
toll-free: 1-888-UTAH MAP
Web site: mapstore.utah.gov

email: geostore(@utah.gov

UTAH GEOLOGICAL SURVEY
contact
1594 W. North Temple, Suite 3110
Salt Lake City, UT 84116
telephone: 801-537-3300
Web site: geology.utah.gov

Although this product represents the work of professional scientists, the Utah Department of Natural Resources, Utah Geological
Survey, makes no warranty, expressed or implied, regarding its suitability for a particular use. The Utah Department of Natural
Resources, Utah Geological Survey, shall not be liable under any circumstances for any direct, indirect, special, incidental, or
consequential damages with respect to claims by users of this product.



CONTENTS

ABSTRACT ...ttt ettt sttt ettt ekttt e b et e bt s e eb e s b es e st es e et es e e b eme et eae ek en e e b eaeeh e e eb et e bt et en e e b e Rt e A en e ke n e ket ket ek et et et eb e et eneeteneas 1
INTRODUGCTION ..ottt sttt ettt ettt st st et e et e st e ket et et et et eb e st eb e e esesseseebese et eseetenteseneesentebentebeneebenaes e e e st eaeneeseneebe st eteneebeneeteneane 1
2 Te) a1 1311 e USRS 1
PUIPOSE QNI SCOPEC. ... veveeniieiietieieeteeieettete et et et e bt st e tesetesseesseseesse st asseeseassesseanseaseensesasesseessenseessenseensenseenseeseenseeseenseensenseansesseansensenn 4
IMLEEROMS ...ttt et b e bt a e e bbbttt a st ea e bt bt eh e e bt e bbb e h bttt ea b et eht bt e h e e bt bt e bt bttt be b e enten 5
PrEVIOUS STUAIES .....veueeuieiieiieieet ettt h bttt b bttt et es e st e bt e bt eb e eb e e bt e bt s bt eb et et et et ea s e st ebteb b eae e bt ebeebesbe st e b e nbenaenten 5
SETTIING ..otiietiieteiet ettt ettt ettt ettt ekt e st se st et es e e s em e et ea e ebea s eb e s es et es et es e s ese s en et en et em e s emeeseaseseases et es e ben e s eneeben e bentesentesensenn 5
Lo 10T 21 o) RSP SSTRS 5
CLIMALE ...ttt b ettt et ea et e bt eb e bt b e eb e e bt bt s b et et et et ea b e st emeeb e e bt e bt eh e e bt bt s e e b et et et ea b enteneebeeb e ebe e bt eb e e bt sbe et e beneens 6
Population And Land USE .........cccueeieiiiieiieieie sttt et ettt et e st est e s st esse s st esseeseessessaessessseseansenseensenseenseeseenseeseenseensenseansenseensensenn 7
GROUND-WATER CONDITIONS .....c.ootiietrietrietirteiteie ettt ettt et stesesaesesaesesteststeststentete st et entesene et eneebeaeseneesesaeneeseneebeneebeneeteneeseneane 7
BaaSIN-FIIL AQUITEIS ....eeiieiecieieee ettt ettt et et e bt e s et e e st e e st essesseesseaneesseeaeeaseesse s eessenseensenseenseeseenseeseenseensenseansesseensensenn 7
GIOUNA-WALET QUALIEY ......eeuieiieieetieteceete st ete st et e et et e et eteeste st estesseensesseessesseensesseenseassenseassenseassenseansesseensesssensesseensesnsensesssensenssensenns 8
WETLANDS ...ttt ettt ettt ettt et ettt ettt ettt ettt e st b e st b e st b es b en e s ea e e s ea e eseases et e st b es e b es e b en e e b en e e s en e e s enses e s e st e b e st e beneebeneebeneesenene 11
IIEEOQUCTION ...ttt bbb sttt et st e st eh e eb e e bt e bt e b e bt e bt se e b e b et et et et e st eateseebeebeebesbesbe b e s benaen 11
Salt Lake COUNLY WEHIANAS ........oouieiieiieiieiet ettt et e et e et et e et esseessesseensesseensessaensesssanseansanseanseseensesseensesseensesaeen 12
WELIANA TYPES ..vveeeeneeeiieieetiete ettt ettt et et et e st et e s st e seesseesaesseessesseenseessenseessanseeseanseessesseams e seensesseensesseensesseansensaenseessenseansansenseensennes 12
Hydraulic Gradient and Water QUALILY ..........cceoieiiirieiieiieie sttt ettt e e e este et e seesaesseensesseensasseensessaensesseenseassansenseensennes 15
GROUND-WATER FLOW/WETLANDS DEGRADATION ANALY SIS.....utiiieirieiieteietete ettt ettt 15
IIEEOQUCTION ...ttt h bttt ettt a s et e bt eb e e bt e bt e bt e bt e bt s et b e b et et et et e st eatebtebeebeebesbesbesbenbenaen 15
OVETVIEW OF IMOTRIS ...ttt b ettt b e ettt et es et eaeeb e bt eb e bt e bt s bt st b et e e et et et entebtebeebeebeebenbestenbenee 15
Mode]l BOUNAATY CONAITIONS ......veeutieeieiieeieteetesttetestete st estesteessesseessesseesseessasseeseasseassesseansesseensesseansesseensesssensesssensesssenseessensenseessennes 16
IMOAEING RESUILS......cuviiieiieiieiieiieie ettt et e ettt ettt e st e esae st e e s be s st esseeseesse et aenseaseesseassasseenseseensesseensesseensesssensesssensesssenseassansenseensennes 17
BUAZEE SCENATIOS ......uvetieuiiitieieetieie ettt et et et e st este s st eseesstesaesseessesseessessaesseassanseassasseassesseansenseensesseensesseansesseansesssansenssanseensansenseensennes 17
Scenario 1 — ReAUCEd RECRAIZE .........oouieiiiieiiieeeec ettt ettt et e e st e seesae s s e ensesseensesseensessaenseassenseeneensennns 17
Scenario 2 — INCIEaSed PUMPING ........ccveiiiiiieiieieieeierte ettt te et et et et e e te et e sseesseeseessesseesseessesseassesseensesseensessaensenssensenseensennes 18
Scenario 3 — Increased Pumping and Decreased REChAIZE ..........cceviieiiiiiiiiiiieieeee ettt 20
Scenario 4 — Increased Recharge with Increasing PUMPAZE .........c.ocieiieriieiiiiieiieieeeet ettt eneeaeens 20
Conclusions from Water-Budget MOACING..........cceeciiriieiieieie ettt ettt et et e be st e seesaesseessesseensesseenseeseenseeseensennes 22
CONCLUSIONS AND RECOMMENDATIONS ..ottt ettt et sttt te st be st e besesbeneesetesensesessestaseneeseneebeneaseneesenene 23
ACKNOWLEDGMENTS ...ttt ettt sttt et ettt e s e et e st e bt s aes e st esestesestes e et ene et en e et e st eb et eb e s eb e seseeaesease st etentebentebeneebeneebeneesenene 23
REFERENCES ...ttt ettt etttk s et s b e stk e s b em b e a e s e a e e st a s es e e st b e st b e st b en e e b en e e s em e e b et e st b e st b ene et eneebeneebeneebeneene 23
APPENDICES ...ttt ettt sttt ettt ettt et b et e b st e bt s e e bt st e st et es e e b e st et e st et ene et em e e b en e e b et e b et eb et e Rt et e Rt et e st et e st e b ene ket b et et et ne e ene 27
Appendix A. Wetlands Background, Definitions, and FUNCHONS ..........cveriieieriieieiieiere ettt ene e esae s ens 29
Appendix B. Cowardin Wetlands ClasSifiCAtiONn ...........c.ccvevieiieriiiieiiesieie et ecet ettt aeseeeae e esaesseessessaensesseenseessensesseesennns 33
AppendixX C. Water-QUAIILY DAta ........ccieieriieieiieieet ettt ettt e et e eesseeseesseessesseensesseensesseensessaensesssenseassansenseensennes 37
FIGURES
Figure 1. Wetlands and wetland monitoring wells, Salt Lake County, Utah ...........c.ccceiiiiiiiiiiiiieiieieceeee e 2
Figure 2. Water-related land use in 2000, Salt LaKe COUNLY .........ccueovieieriiiiiiiieieiteeee sttt ettt et eteesseeseesseesaesseesaesseessesssessesssessesssassenns 3
Figure 3. Annual water usages by catergory for Salt Lake VAlIEY .........ccoiiiiiiiiiiiieieiicicseeestete ettt a e saa e ve e esre e 4
Figure 4. Schematic diagram of probable lake levels in the Bonnevile basin during the past 170,000 years..........cccceceeverererenerenennenn 6
Figure 5. Generalized block diagram showing water-bering formations, probable directions of ground-water
movement (arrows), and areas of recharge and diSChAIZE............cccveviieiiriiiiiiicie e saeesaesaeas 8
Figure 6. Recharge and discharge areas, Salt LaKe VAIIEY ........ccociiiiiiieiiiiiiiiciesieeee ettt ettt et esaeseeesbessaebesssebeessessens 9
Figure 7. Change of water level in Salt Lake Valley from spring 1975 to spring 2005...........ccevvirieriieieniieienreeieereeeeere e see e seeeseeenas 10
Figure 8. Ground-water quality classes for the principal basin-fill aquifer, Salt lake Valley ..........cccceeviviieieniiecienieieceeee e 11
Figure 9. National Wetlands Inventory simplified Cowardin classification in Salt Lake Valley...........cccoovvevviriieciinieciinieicceeie e 13
Figure 10. Great Salt Lake montly mean elevation, January 1990 to December 2008 ............ccoivieiiieieniieieniieiesieeeeee e eee e eee e 14
Figure 11. Water-control and wetland classification (NWI) in Farmington Bay, northern Salt Lake Valley .......c.ccccccvvveviiiieniiieennnen. 14
Figure 12. Areal extent of model layer 1 in Salt Lake VALIEY ........ccccviviieiiiiieiiciieieseeec ettt ettt sve s sreeaeseeesseseeas 18

Figure C1. Piezometer locations showing shallow ground-water elevation and wetland type, north Salt Lake Valley............cccccoeneee. 40



TABLES

Table 1. Ground-water quality classes under the Utah Water Quality Board’s total-dissolved-solids-based classification system......... 10
Table 2. Average annual simulated ground-water recharge and discharge for model 1ayer L..........ccocveieviiecieniiecienieieeeeee e 19
Table 3. Ground-water budget for the wetland areas under steady-state and historical transient conditions. ...........c.ceceecevvererererennennen 19
Table 4. Ground-water budget for model layer 1and wetland areas after a 10% drop in recharge for 10 stress periods. ..........cceneenee.. 20
Table 5. Ground-water budget for model layer 1 and wetland areas after a 10% increase in pumping from the

principal aquifer for 10 stress periods, while maintaining historical recharge levels...........cocovevineniiiiiniininnnceeee 21
Table 6. Ground-water budget for model layer 1 and wetland areas after a 10% decrease in recharge and

8 10% INCTEASE 1N PUIMPINE. ... eeuvierentieeienieetesteetesteetesseetesseessesseasseessesseassesseassesseansesseassesssensessssnsesssensesssenseessesseessesseensesseensessees 21
Table 7. Ground-water budget for model layer 1and wetland areas after a 10% increase in recharge and pumping.............ccocceevenennen. 22
Table B1. Cowardin classification scheme for Salt Lake County Wetlands............ccoocveviirieiiiienienieieeeeeee et 34

Table C1. Water-QUAIIEY AAta.........c.ccieiieeieieiieie ettt sttt et et e e et et e eseesseeseesseessesseensesseensessaensesssenseassenseessenseansenseensesseensesnsensensen 38



WETLANDS IN NORTHERN SALT LAKE VALLEY, SALT LAKE
COUNTY, UTAH—AN EVALUATION OF THREATS POSED BY
GROUND-WATER DEVELOPMENT AND DROUGHT

by Sandow M. Yidana, Mike Lowe, and Richard L. Emerson

ABSTRACT

Salt Lake Valley is a largely urban area with a growing pop-
ulation. Most of the development in Salt Lake Valley uses
municipal water sources, principally wells completed in the
basin-fill aquifer system. The population growth and con-
comitant increase in municipal ground-water pumping could
significantly decrease the amount of ground water discharged
from the principal aquifer system (where most wells are com-
pleted) to the shallow unconfined aquifer system.

The shallow unconfined aquifer overlies confining beds above
the principal aquifer system in the central and northern parts
of the valley, and provides water to springs and approximately
58,000 acres (23,500 hm?) of wetlands in ground-water dis-
charge areas. Decreased recharge to the shallow unconfined
aquifer from the principal aquifer due to increased ground-
water pumping could reduce water supply to these springs
and wetlands. Also, water supply to the springs and wetlands
is affected by climatic conditions and Great Salt Lake level.
Drought conditions during 1999-2004 reduced the amount of
recharge to ground-water aquifers across the state, including
the Great Salt Lake area, negatively impacting the Salt Lake
Valley wetlands. In 2005 and 2008, the elevation of Great Salt
Lake declined to near its historic lowstand reached in 1963,
allowing some parts of the Salt Lake Valley wetlands to de-
water.

To evaluate the potential impacts of drought and increased de-
velopment on the Salt Lake Valley wetlands, we used existing
data to estimate a water budget and develop regional, three-
dimensional, steady-state and transient MODFLOW models
to evaluate water-budget changes for the wetland areas; these
efforts focused on wetlands around the margins of Great Salt
Lake, although the results may apply to all of the wetlands
in Salt Lake Valley. The modeling suggests that subsurface
inflow into the wetland areas would be most affected by de-
creased subsurface inflow due to long-term (20-year) drought
conditions, which would also cause changes in Great Salt
Lake levels, but subsurface inflow would also decrease due to
increased municipal and industrial well withdrawals over the
same time period. Therefore, the worst-case scenario for the
wetlands would be a combination of both conditions. If the
U.S. Environmental Protection Agency’s goal on no net loss
of wetlands is to be met, the Salt Lake Valley wetland arecas
should be managed to maintain their current budget of water

(estimated at about 52,420 acre-feet per year [65 hm*/yr] of
recharge).

We also installed shallow monitoring wells in the Salt Lake
Valley wetland areas to determine hydraulic gradient and
ground-water quality in the shallow unconfined aquifer. The
magnitude and direction of the hydraulic gradient are similar
to those documented previously, where ground water in the
wetland areas flows north toward Great Salt Lake. Total-dis-
solved-solids concentrations for water samples collected from
two shallow monitoring wells are 6786 and 21,324 mg/L.

This model-dependent study indicates that wetlands in Salt
Lake Valley may be stressed in the future. Drought and in-
creased development due to population growth could dramati-
cally reduce the amount of water the wetlands receive. Mea-
sures to reduce the potential for degradation of the Salt Lake
Valley wetlands include development restrictions, re-use of
wastewater upgradient of the wetlands, and implementation
of water conservation practices.

INTRODUCTION

Background

Salt Lake Valley (figures 1 and 2), in Salt Lake County, Utah,
is a largely urban area along the southern margin of Great Salt
Lake that continues to undergo population growth. Most of
the development in Salt Lake Valley uses municipal water
sources, principally wells completed in the basin-fill aquifer
system. The population growth and concomitant increase in
ground-water usage for municipal supply (figure 3) could sig-
nificantly decrease the amount of ground water discharged
from the principal aquifer system (where most wells are com-
pleted) to the shallow unconfined aquifer system. The shallow
unconfined aquifer overlies confining beds above the princi-
pal aquifer system in the central and northern parts of the val-
ley, and provides water to springs and approximately 58,000
acres (23,500 hm?) of wetlands in ground-water discharge
areas, which accounts for 98% of Salt Lake County wetlands.

Salt Lake Valley has been closed to new water rights appro-
priations since 2002, and between 1991 and 2002 only fixed-
time water appropriations were available to residents with
special circumstances (Utah Division of Water Rights, 2008a,
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Figure 1. Wetlands and wetland monitoring wells, Salt Lake County, Utah.

2008b). Thus, water rights for development in the incorpo-
rated areas are primarily obtained through purchase/exchange
of existing water rights, mainly those formerly used for agri-
culture.

This change from agricultural to municipal water use could
have a significant effect on the amount of ground water dis-
charged from the confined aquifer system (where most wells
are completed) to the shallow unconfined aquifer system,
which provides water to springs and wetlands in ground-water
discharge areas. Ground-water discharge areas are predomi-

nantly located in the central and northern parts of Salt Lake
Valley (Anderson and others, 1994). The amount of ground
water discharged from the confined aquifer system to the shal-
low unconfined aquifer system could decrease, even if no new
water rights are issued, because seepage of unconsumed irri-
gation/lawn water contributes nearly 18% of the total recharge
to aquifers in Salt Lake Valley (Lambert, 1995a); this compo-
nent of recharge to the aquifer system would likely decrease
as a result of changing from agricultural to domestic water
usage.
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Figure 2. Water-related land use in 2006, Salt Lake County (data from the Utah Division of Water Resources).

Significant portions of Utah’s wetlands are located in areas
surrounding Great Salt Lake, including the Salt Lake Valley
wetlands. Preliminary estimates from existing National Wet-
lands Inventory (NWI) coverage (U.S. Fish and Wildlife Ser-
vice, 2010) indicate that wetlands in Salt Lake Valley occupy
about 58,400 acres (23,600 hm?; about 22% of the valley-floor
area). An estimated 49,300 acres (20,000 hm?), or 84% of Salt
Lake Valley’s wetland area, is within 3 miles (5 km) of Great
Salt Lake. Wetlands are important to diverse plant and animal
species (about 45% of the species listed as threatened or en-

dangered under the Endangered Species Act use wetland habi-
tat), clean and abundant water supplies, and flood and ero-
sion control (National Wildlife Federation, 1989). The Utah
State Water Plan recognizes the potential impact of increased
ground-water development on these critical natural resources
and proclaims “ . . . studies need to be undertaken to ensure
that groundwater withdrawals are not adversely affecting
spring flows nor impairing water rights associated with exist-
ing wetlands” (Utah Division of Water Resources, 2001).
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Figure 3. Annual water usages by category for Salt Lake Valley (based on data from Utah Division of Water Rights).

Purpose and Scope

The purpose of this study is to use existing data to estimate a
water budget for the wetland areas, and to use existing steady-
state and transient ground-water flow models developed by the
U.S. Geological Survey (USGS) (Lambert, 1995a) to simulate
the hydrologic effects on wetlands from various recharge rates
and projected ground-water withdrawals at various projected
Great Salt Lake levels; the estimated water budget and model
simulations focus on wetlands around the margins of Great
Salt Lake, although the study results may apply to all of the
wetlands in Salt Lake Valley. These simulations can be used
to assess potential threats to wetlands from increased ground-
water withdrawals and drought, and provide a basis for (1)
implementing restrictions on domestic withdrawals, (2) as-
sessing water needs for wetland preservation, and (3) encour-
aging the development of water conservation programs.

Our study combines empirical and modeling analyses to un-
derstand the effects of changes in land use and climate. We
used an estimated water budget to compare and interpret
numerical ground-water flow models, which simulate fluxes
into and out of the Salt Lake Valley wetland areas. Numeri-
cal ground-water flow models have been used to understand
the interaction between wetlands and ground water in other
studies (Burk and others, 2005; Bishop and others, 2009). The
accuracy of the solutions obtained by numerical methods is
generally sufficient; however, the accuracy depends on sev-

eral factors, including our understanding of the complexity
of the system, boundary and initial conditions, and numerical
methods used.

A second objective is to document the hydraulic gradient and
current quality of ground water in the wetland areas near Great
Salt Lake. We used water levels in shallow wells to document
the hydraulic gradient in the shallow unconfined aquifer, and
data from water samples from two of the wells to provide in-
sight into the current quality of ground water flowing into the
wetland areas. Data from two wells are not sufficient to ac-
curately characterize the quality of ground water entering the
wetland areas, but information from these two wells in addi-
tion to data from previous work provide a sense of the quality
of ground water recharging the wetland areas.

This report provides the necessary integration of geologic
and hydrologic wetland studies to more fully understand the
hydrologic system of the Salt Lake Valley wetlands area in
relation to wetland functionality, with emphasis on the wet-
lands near Great Salt Lake. The scope of this study includes a
thorough literature search; a compilation of published and un-
published geologic, hydrologic, and wetland information; and
field sampling and analysis of water data from shallow wells.
Detailed USGS ground-water models, which are described
in this report, were used by the USGS and other agencies to
identify historical changes in the ground-water flow system in
Salt Lake Valley.



Wetlands in Northern Salt Lake Valley, Salt Lake County, Utah—an evaluation of the threats posed by ground-water developement and drought 5

Methods

We installed 12 shallow monitoring wells in three wetland
areas near Great Salt Lake (figure 1 and appendix C). Two
wells were sampled for water quality, and ground-water depth
was measured in nine of the wells (three wells did not yield
water). The wells were manually installed using a hand auger
to bore a hole into the ground to a depth of 3 to 7 feet (1-2 m),
and then inserting one-inch-diameter slotted PVC and back-
filling the void between the borehole and PVC with the hand-
auger cuttings. We mapped the well locations using a Trimble
Total Station GPS system having sub-centimeter vertical and
horizontal accuracy. Water levels in the wells were measured
manually during the spring and summer of 2008. The two wa-
ter-quality monitoring wells were sampled in May 2008, and
the samples were analyzed at the Utah Division of Epidemiol-
ogy and Laboratory Services for general chemistry, dissolved
metals, nutrients, and total organic carbon. Computer model-
ing was conducted during 2007 and 2008.

Previous Studies

Richardson (1906) conducted the first investigation of ground-
water conditions in Salt Lake Valley (previously known as
Jordan Valley); that study, which included Utah Valley, pro-
duced maps showing depth to ground water and areas of
flowing wells. Taylor and Leggette (1949) conducted a more
thorough investigation that included many well records, and
discussions of ground-water occurrence, recharge and dis-
charge, and chemical quality. Lofgren (1952) discussed the
status of ground-water development in Salt Lake Valley as of
1951. Marsell (1964) discussed water-supply issues as part of
a comprehensive review of the geology of Salt Lake County.
Marine and Price (1964) updated previous studies and subdi-
vided the valley into ground-water districts for water-resource
management purposes. Hely and others (1967, 1968, 1969)
compiled hydrologic and climatalogic data that were used to
produce a summary of ground-water hydrology in Salt Lake
Valley (Mower, 1969a) and water resources in Salt Lake
County (Hely and others, 1971). Arnow and Mattick (1968)
evaluated the thickness of basin-fill deposits. Mower (1968)
discussed ground-water discharge toward Great Salt Lake in
basin-fill deposits. Mower (1969b) discussed ground-water
inflow through channel fill in seven Wasatch Range canyons
in Salt Lake County. Arnow and others (1970) used water-
well logs to delineate the pre-Quaternary surface in Salt Lake
Valley to be used as a general guide for water-well drilling.
Mower (1970) discussed ground-water recharge to Salt Lake
Valley from Utah Valley. Seiler and Waddell (1984) conduct-
ed an assessment of the shallow unconfined aquifer in Salt
Lake Valley. Herbert and others (1985) conducted a seepage
study of six canals in Salt Lake County. Waddell and others
(1987b) evaluated the chemical quality of ground water in
the basin-fill aquifer for the 1969-85 time period. Waddell
and others (1987a) evaluated ground-water conditions in Salt
Lake Valley with emphasis on predicted effects of increased
withdrawals from wells. Thiros (1992) compiled selected hy-

drologic data for Salt Lake Valley with emphasis on data from
the shallow unconfined aquifer and confining layers. Ander-
son and others (1994; see also Anderson and Susong, 1995)
mapped ground-water recharge and discharge areas for the
principal aquifers along the Wasatch Front, including the prin-
cipal aquifer in Salt Lake Valley. Thiros (1995) investigated
the chemical composition and movement of ground water, and
the hydrologic properties of basin-fill material, to better un-
derstand the flow system in Salt Lake Valley. Lambert (1995a)
produced a three-dimensional, finite-difference, numerical
ground-water flow model for the basin-fill aquifer, which he
(Lambert, 1995b) subsequently used to produce capture zones
for selected public supply wells and simulate (Lambert, 1996)
the movement of sulfate in ground water. Waddell and others
(2004) assessed water quality in the Great Salt Lake basins, in-
cluding Salt Lake Valley. Burden and others (2005) described
changes in ground-water conditions in Utah, including Salt
Lake Valley, from 1975 to 2005. Lowe and others (2005) and
Lowe and Wallace (2006) mapped ground-water sensitivity
and vulnerability to pesticides for the Salt Lake Valley basin-
fill aquifer. Wallace and Lowe (2009) mapped ground-water
quality classes for the Salt Lake Valley basin-fill aquifer.

SETTING

Physiography

Salt Lake Valley is a north-south-trending valley located in
north-central Utah southeast of Great Salt Lake. Salt Lake
Valley is in the Salt Lake Valley segment of the Wasatch Front
Valleys section of the Great Basin physiographic province
(Stokes, 1977). The valley is bounded on the east and north-
cast by the central portion of the Wasatch Range, on the north-
west by Great Salt Lake, on the west by the Oquirrh Moun-
tains, and on the south by the Traverse Mountains. Elevations
range from about 4200 feet (1280 m) in the lowest part of the
valley near Great Salt Lake to more than 7000 feet (2130 m)
in the Traverse Mountains, 9000 feet (2740 m) in the Oquirrh
Mountains, and 11,000 feet (3350 m) in the Wasatch Range.

Salt Lake Valley has also been referred to as Jordan Valley be-
cause of the Jordan River, which flows northward into the val-
ley through the Jordan Narrows, a water gap in the Traverse
Mountains, and ultimately into Great Salt Lake. Six other
major streams flow into the valley from the Wasatch Range
to the east and into the Jordan River; these streams are mainly
fed by snowmelt during the spring and early summer. Minor
amounts of water enter the valley from the Oquirrh Moun-
tains.

The mountains that surround Salt Lake Valley are composed
of rocks that range in age from Precambrian to Tertiary. The
Wasatch Range consists of Precambrian, Paleozoic, Mesozo-
ic, and Cenozoic sedimentary and metasedimentary rocks that
have been intruded by Tertiary granitic and dioritic stocks.



The Oquirrh Mountains consist of Paleozoic sedimentary
rocks, predominantly the Oquirrh Formation, and intrusive
and extrusive Cenozoic rocks. The Traverse Mountains are
composed of Paleozoic sedimentary rocks and Cenozoic vol-
canics.

Salt Lake Valley occupies a graben that is bounded by faults
on its east, west, and south sides. Sediments have been filling
this graben since Tertiary time. The Tertiary and Quaternary
basin fill is up to 4000 feet (1220 m) thick in some areas of
the valley (Mattick, 1970), and consists of unconsolidated to
semiconsolidated clay, silt, sand, gravel, and tuff. Quaternary
sediments in the upper part of the basin fill range from 0 to
2000 feet (0-610 m) thick (Arnow and others, 1970). The
depositional sequence in the basin fill is complex (Marine and
Price, 1964) due to alternating periods of lacustrine and inter-
lacustrine conditions during the late Tertiary and Quaternary.
During the lacustrine periods, or deep-lake cycles (figure 4),
much of Salt Lake Valley was covered with water and off-
shore silt and clay were deposited in the central parts of the
valley while deltaic (at the mouths of canyons) and nearshore
sand and gravel were deposited along valley margins. During
interlacustrine periods, sediments were deposited primarily
as alluvial fans at canyon mouths and as fluvial-channel and
floodplain sediments in the central parts of the valley. As a
general rule, coarser grained sediments exist near valley mar-
gins and finer grained sediments exist in the middle and north
end of the valley.

Climate

The climate in Salt Lake Valley can be described as semiarid
with hot summers and moderately cold winters. Due to the
local topography and the great relief between the mountains
and valley, the weather can be quite variable and is very much
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related to orographic effects and local weather patterns (Mur-
phy, 1981). The mountains surrounding the valley typically
receive substantially more precipitation and have cooler tem-
peratures than the valley, and the southeast part of Salt Lake
County receives the most precipitation.

In Salt Lake County, 24 weather stations are or have been
operated by the Utah Climate Center, and Moller and Gillies
(2008) provide information for nine of these stations. Based
on data collected from those weather stations, Salt Lake Valley
receives between 13.74 and 25.79 inches (34.9 and 65.5 cm)
of precipitation annually, at the Draper Point of the Mountain
and Cottonwood Weir stations, respectively. The mountains
receive much more precipitation; the Alta station (elevation
8730 feet [2661 m]) receives 58.28 inches (148.03 cm) of pre-
cipitation annually.

Temperatures in Salt Lake County are also quite variable, and
like precipitation, are related to elevation; the mountains are
10 to 15°F (5 to 8°C) cooler than the valley. To illustrate these
extremes, the Salt Lake City International Airport station has
an elevation of 4225 feet (1288 m) and a normal maximum
temperature, normal minimum temperature, normal mean
temperature, and record high temperature of 64.0, 41.2, 52.6,
and 107.0°F (17.8, 5.1, 11.4, and 41.7°C), respectively. In
contrast, the Alta station has an elevation of 8730 feet (2661
m) and a normal maximum temperature, normal minimum
temperature, normal mean temperature, and record high tem-
perature of 47.8, 28.7, 38.2, and 94.0°F (8.8, -1.8, 3.4, and
34.4°C), respectively (Moller and Gillies, 2008).

Evapotranspiration is dependent upon solar radiation, tem-
perature, wind, and humidity, but does not directly correlate
with elevation like temperature and precipitation, at least in
Salt Lake County. The Draper Point of the Mountain station

Figure 4. Schematic diagram of probable lake levels in the Bonneville basin during the past
170,000 years. Modified from Machette and others (1992); note breaks in temporal scale.
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recorded the greatest evapotranspiration value of 47.64 inches
(121.01 cm) and the Alta station recorded the lowest value of
28.87 inches (73.33 cm) (Moller and Gillies, 2008). However,
most weather stations have evapotranspiration values between
42 and 48 inches (107 and 122 cm), including the Mountain
Dell station (44.88 inches [113.0 cm]), which has an eleva-
tion of 5420 feet (1652 m) and is located in Parleys Canyon
(Moller and Gillies, 2008).

Population and Land Use

Salt Lake County has the largest county population in Utah,
estimated at 1,009,518 in 2007 (Demographic and Economic
Analysis Section, 2008). Based on this estimate, Salt Lake
County residents make up 42% of Utah’s total population of
2,385,358 (Demographic and Economic Analysis Section,
2008). The population of Salt Lake County is expected to
increase to 1,663,994 in 2050 (Demographic and Economic
Analysis Section, 2005). The increase in population in Salt
Lake County between 2000 and 2007 averaged 1.7% per year
(Demographic and Economic Analysis Section, 2008).

Salt Lake Valley was permanently settled in 1847 by Mor-
mon pioneers. Agriculture, the dominant land use then, is now
practiced by relatively few in the valley (although many resi-
dents have gardens). Salt Lake City, Utah’s capital, is now a
major metropolitan area with numerous types of businesses
and industries. Most Salt Lake County residents (94%) live
and work within the county (Demographic and Economic
Analysis Section, 2003). Salt Lake County’s largest employer
is the University of Utah, followed by the State of Utah and
the Granite and Jordan School Districts, so local government
agencies provide a substantial number of jobs (Salt Lake
County Economic Development Department, undated). Resi-
dential and commercial developments are major industries in
the valley, so most existing open space is either being devel-
oped or is planned for development, including some wetland
areas.

GROUND-WATER CONDITIONS

Basin-Fill Aquifers

Basin-fill aquifers in Salt Lake Valley include (1) a confined
aquifer in the central and northern parts of the valley, (2) a
deep unconfined aquifer between the confined aquifer and the
mountains, (3) a shallow unconfined aquifer overlying the ar-
tesian aquifer, and, locally, (4) unconfined perched aquifers
(Hely and others, 1971). Together, the confined aquifer and
the deep unconfined aquifer form the “principal aquifer”—
most of the ground water discharged from wells in Salt Lake
Valley is from the principal aquifer.

The confined aquifer consists primarily of Quaternary clay,
silt, sand, and gravel that are hydraulically interconnected

(Hely and others, 1971). The Quaternary deposits range in
thickness from 0 to over 2000 feet (0-600+ m) (Arnow and
others, 1970); underlying these sediments are relatively im-
permeable consolidated and semiconsolidated Tertiary and
pre-Tertiary deposits. A few areas exist where the Tertiary de-
posits consist of permeable sand and gravel that yield water
to wells, and these areas are considered part of the principal
aquifer (Hely and others, 1971).

Overlying the confined aquifer is an upper confining layer
composed of Quaternary deposits of clay, silt, and fine sand
that collectively create a single impermeable layer. The con-
fining layer is between 40 and 100 feet (12 and 30 m) thick,
and the top of the layer is between 50 and 150 feet (15 and 46
m) below the land surface.

The shallow unconfined aquifer overlies the confining layer
and is composed primarily of fine-grained sediments (Hely
and others, 1971). It is only slightly more permeable than the
confining layer, and in some areas it is difficult to differen-
tiate between the two (Hely and others, 1971). The shallow
unconfined aquifer has a maximum thickness of about 50 feet
(15 m) and yields little water (the water is generally of low
quality), so it is rarely used for water supply (Seiler and Wad-
dell, 1984).

The deep unconfined aquifer lies between the confined aquifer
and the mountains. It is part of the principal aquifer, where
the water table lies below the confining layer or the confin-
ing layer is absent (Hely and others, 1971). Perched aquifers
exist above the deep unconfined aquifer where there is an
unsaturated zone between the water table in the deep uncon-
fined aquifer and the bottom of the upper confining layer. The
principal areas with perched aquifers are east of Midvale and
between Riverton and Herriman (Hely and others, 1971), but
less extensive perched aquifers are scattered around the mar-
gins of Salt Lake Valley.

Recharge to the ground-water flow system in the basin-fill
aquifer is primarily from inflow from consolidated rock along
the valley margins; seepage from rivers, streams, and canals
that have a water-level elevation higher than the water table;
infiltration of precipitation on the valley floor; and infiltration
from unconsumed irrigation water (Hely and others, 1971).
Ground water flows from the primary recharge areas in the
mountains and near the valley margins to the deep uncon-
fined aquifer, then toward the central and northern parts of the
valley, where the principal aquifer is confined (figures 5 and
6). This creates an upward gradient, and ground water in the
confined aquifer flows upward into the confining layer and
then into the shallow unconfined aquifer, where it discharges
into the Jordan River, springs, drains, canals, and Great Salt
Lake, or is lost through evapotranspiration. Ground water in
the principal aquifer is either discharged into the shallow un-
confined aquifer or is withdrawn by wells (Hely and others,
1971).
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Figure 5. Generalized block diagram showing water-bearing formations, probable directions of ground-water movement (arrows), and
areas of recharge and discharge, Salt Lake Valley, Salt Lake County, Utah (modified from Hely and others, 1971, Thiros and Manning, 2004).

Transmissivity and storage coefficients range from 1000 to
50,000 feet squared per day (90-5000 m?/d) and 0.15 to less
than 0.0001 for the unconfined and confined parts of the prin-
cipal aquifer, respectively (Hely and others, 1971). The trans-
missivity of the shallow unconfined aquifer ranges from 50
to 4000 feet squared per day (5-400 m?/d) (Waddell and oth-
ers, 1987a), and the storage coefficient is estimated to average
0.15 (Hely and others, 1971). The vertical hydraulic conduc-
tivity of the confining bed between the shallow unconfined
and principal aquifer is estimated to average 0.025 feet per
day (0.008 m/d) (Hely and others, 1971).

Water levels in wells completed in the principal aquifer gen-
erally declined in most parts of Salt Lake Valley between
1975 and 2005 (Burden and others, 2005), with the greatest
declines in the central-eastern and southern parts of the valley
(figure 7). Water levels rose in wells in the northwestern and
northeastern parts of the valley during the same time period.

Ground-Water Quality

The chemical composition of ground water in Salt Lake Val-
ley varies with location and depth, primarily due to quality

of recharge sources and water-rock interactions as it moves
through the aquifer. Most of the recharge occurs on the east
side of the valley, and ground water in the principal aquifer
typically has lower total-dissolved-solids (TDS) concentra-
tions near the mouths of the larger streams (Big Cottonwood
Creek, Little Cottonwood Creek) in southeastern Salt Lake
Valley (Hely and others, 1971); calcium-magnesium-bicar-
bonate type ground water is generally found in this part of
the valley (Thiros, 1995). Both bicarbonate type ground water
and sodium-chloride type ground water exist in the northwest-
ern part of Salt Lake Valley (Thiros, 1995). Ground water in
the principal aquifer with the highest TDS concentrations is
generally found in the vicinity of Great Salt Lake in the north-
western part of the valley (Hely and others, 1971). Based on
wells completed in the principal aquifer from 1988 to 1992,
the TDS concentrations ranged from 110 mg/L on the south-
east side of the valley to 48,100 mg/L on the northwest side
(Thiros, 1995). Ground-water quality classification of the
principal basin-fill aquifer is based on the Utah Water Quality
Board’s system, which is based primarily on TDS concentra-
tion (table 1). According to this system, 19% of the basin-fill
area is classified as Pristine ground water, 62% is classified as
Drinking Water Quality ground water, 7% is classified as Lim-
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Figure 6. Recharge and discharge areas, Salt Lake Valley (modified from Anderson and others, 1994).

ited Use ground water, and 12% is classified as Saline ground
water (Wallace and Lowe, 2009) (figure 8). Ground water in
the principal aquifer generally has lower TDS concentrations
than water in the shallow unconfined aquifer (Hely and oth-
ers, 1971).

Total-dissolved-solids concentrations for ground water in the
shallow unconfined aquifer range from 331 mg/L in the east-
ern portion to 20,900 mg/L for the western portion of the val-
ley (Thiros, 1995). The proximity to land surface, evapotrans-
piration, dissolution of minerals, and recharge from water di-

verted from the Jordan River create more localized variations
and higher dissolved-solids concentrations in water from the
shallow unconfined aquifer (Hely and others, 1971; Thiros,
1995). Chloride concentrations have steadily increased in the
principal aquifer, probably from salt used for de-icing roads
(Thiros, 1995).

Ground water between the mouth of Bingham Canyon and
the Jordan River has been contaminated by seepage from
evaporation ponds associated with mining activities (Hely
and others, 1971). The contaminated ground water is acidic
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Figure 7. Change in water level in Salt Lake Valley from spring 1975 to spring 2005 (modified from Burden and others, 2005).

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).

Ground-Water Quality Class

TDS Concentration

Beneficial Use

Pristine/Irreplaceable/

Class IA! /IB! /IC? less than 500 mg/L* Ecologically Important
Class II 500 to less than 3000 mg/L Drinking Water*

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

Class IV 10,000 mg/L and greater Saline’

as drinking water.

6May have economic value as brine.

rreplaceable 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-wa-
ter quality class that is not based on TDS. In addition to TDS, Class IA must not exceed any ground-water quality standards.

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

5Generally used for industrial purposes.
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Figure 8. Ground-water quality classes for the principal basin-fill aquifer, Salt lake Valley (from Wallace and Lowe, 2009).

and has TDS concentrations as high as 75,000 mg/L (Waddell
and others, 1987b). Ground water in the shallow unconfined
and principal aquifer in the vicinity of South Salt Lake near
the Jordan River has also been contaminated by leachate from
uranium-mill tailings; ground water from this area has TDS
concentrations as high as 21,000 mg/L, and is contaminated
with chloride, sulfate, iron, and uranium (Waddell and others,
1987b). Volatile organic compounds and pesticides (primarily
atrazine) are commonly found in monitoring wells completed
in the shallow unconfined aquifers; most of the volatile or-
ganic compounds and all of the pesticides from shallow wells

sampled in 1999 were below drinking water standards (Wad-
dell and others, 2004).

WETLANDS

Introduction

Wetlands are one of the most important ecosystems on Earth.
They perform numerous biological and hydrological functions
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and are a valuable resource to communities. Wetland func-
tions include wastewater treatment or water filtration, bio-
geochemical cycling, floodwater control and storage, wildlife
habitat, biologic productivity, and food-chain support; addi-
tionally, they have economic and cultural value (Lock, 1994)
such as increased residential property values.

Wetlands are facing long-term impacts from both human-
related and natural causes. Human impacts are due to agri-
cultural, industrial, and urban development and the resulting
pollution. Natural impacts are generally due to climatological
changes. In the United States, an estimated 53% of wetlands
in the lower 48 states have been destroyed since the 1700s
due to human activities (Mitsch and Gosselink, 2000). Ag-
ricultural fields, commercial developments, and residential
developments have typically replaced wetlands. Prior to the
mid-1970s, U.S. domestic policies encouraged the drainage
of wetlands so that the land could be developed for economic
benefits. Now that the value and importance of wetlands have
been recognized, conservation efforts have followed. The cur-
rent goal of the U.S. government is to prevent net loss of wet-
lands, so when development of wetlands occurs, the amount
of wetland area lost must be restored, created, or enhanced
through the wetland mitigation process (U.S. Fish and Wild-
life Service, 1994). For additional information about wetlands
background, definitions, and functions, refer to appendix A.

Salt Lake County Wetlands

Current National Wetland Inventory data (U.S. Fish and
Wildlife Service, 2010) show that 77% of wetlands in Utah
are located within 3 miles (5 km) of Great Salt Lake, which
corresponds to an estimated 1.1 million acres (4450 km?) of
wetlands. The Salt Lake County wetlands are mostly concen-
trated in the northern portion of the county along the shore of
Great Salt Lake corresponding to 49,300 acres (20,000 hm?),
or 84% within 3 miles (5 km) of Great Salt Lake.

Lock (1994) estimated that 30% of Utah’s wetlands has been
lost, mostly due to land-development practices. Salt Lake
County wetlands have been impacted by agricultural activi-
ties (including grazing), industrial and urban development,
and water diversions with ditches and dikes.

Ninety-one percent of the wetlands are located in the prin-
cipal aquifer ground-water discharge areas as determined by
Anderson and others (1994; figure 6), where there are one or
more confined aquifers with an upward vertical flow gradient
at depth and an overlying shallow unconfined aquifer near the
land surface. Much of the water supply for the wetlands is
from the shallow unconfined aquifer. Thus, the elevation of
the water table in the shallow unconfined aquifer partly de-
termines the areal extent of the wetlands. The shallow water-
table elevation can also be controlled by surface water supply
to the wetlands, which varies with changes in recharge due
to climatic conditions and/or ground-water withdrawals from
wells and fluctuating Great Salt Lake levels.

Utah Geological Survey

Wetland Types

The Emergency Wetland Resources Act of 1986 directs the
U.S. Fish and Wildlife Service to map the wetlands of the
United States; this mapping effort is referred to as the Na-
tional Wetlands Inventory (NWI). Wetlands are typically
mapped using aerial photographs and are classified using the
Cowardin system. The Cowardin system of wetland classifi-
cation (Cowardin and others, 1979) separates wetlands into
five basic categories or systems: (1) lacustrine, or lake-like,
(2) riverine, or river, (3) palustrine, or pond-like, (4) estua-
rine, or estuary, and (5) marine, or oceanic. Once the wetlands
have been mapped and classified, any changes in their sta-
tus or trends can be monitored. NWI mapping for Salt Lake
County shows that the wetlands are dominantly lacustrine and
palustrine with some riverine wetlands (figure 9, appendix B).
Lacustrine wetlands are associated with the shoreline of Great
Salt Lake as well as canals, ditches, and impoundments. The
palustrine wetlands are associated with springs that discharge
ground water.

Salt Lake Valley wetlands occupy various types of habitats or
environments. Except during periods of extreme drought, the
area is largely permanently or periodically flooded lacustrine
wetland or open water (20,143 acres [8152 hm?]) of Great Salt
Lake.

From 2003 to 2008 much of this area was exposed as Great
Salt Lake levels remained near historic lows (figure 10).
Other open-water environments are associated with sewage-
treatment ponds and spring-fed ponds. The northwestern area
consists of vegetated and non-vegetated mineral and wet mud
flats, transitioning to wet-meadow and emergent marsh envi-
ronments to the northeastern border of the study area where
impoundments have been built in the Farmington Bay Wa-
terfowl Management Area (FBWMA), private reserves, and
hunting clubs.

Originally built in 1935 and occupying 3800 acres (1500 hm?),
the FBWMA has been expanded to over 12,000 acres (4900
hm?) in Davis and Salt Lake Counties and is managed by the
Utah Division of Wildlife Resources (UDWR). As many as
200 avian species have been documented using the wetlands
associated with the FBWMA. The FBWMA wetlands provide
critical year-round habitat for up to 57 species of waterfowl
and shorebirds, as many as 200,000 individuals, nesting and
foraging in the spring and summer, and are also an impor-
tant stopover for millions of migrating waterfowl seasonally.
The wetlands north of Interstate 80 are sourced by the Jordan
River, Salt Lake City Sewer Canal, Rudy Drain, and Goggin
Drain through a complex network of impoundments, canals,
dikes, and various water-control structures (figure 11).

Approximately 17,000 acres (6900 hm?) of wetlands are diked
or impounded and are very precisely managed with water

depths ranging from 0 to 14 inches (0-36 cm) to maximize wa-
terfowl habitat (Utah Division of Wildlife Resources, 2006).
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Figure 9. National Wetlands Inventory simplified Cowardin classification in Salt Lake Valley (U.S. Fish and Wildlife Service, 2001).

Because of this management, shallow ground-water levels in
the wetlands can be difficult to monitor and often are a func-
tion of surface-water control in the FBWMA. Large areas
can be filled seasonally for flood control and water storage,
or drained periodically to eradicate noxious and non-native
vegetation (Rich Hansen, FBWMA manager, verbal commu-
nication, 2007). Shallow ground-water levels normally would

be at their highest during spring runoff from May to July. The
runoff reaching Great Salt Lake in 2008 was exceptionally
low due to upstream reservoirs capturing more runoff than
normal, as well as below-average soil moisture which con-
tributed to the fall of Great Salt Lake to 4294.1 feet (1308.8
m) in October 2008, just above the historical low of 4291.4
feet (1308.0 m) set in October 1963 (U.S. Geological Survey,
2009).
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Figure 10. Great Salt Lake monthly mean elevation, January 1990 to December
2008. Water surface elevation from U.S. Geological Survey Saltair Boat
Harbor station 1001000 (U.S. Geological Survey, 2009).

Figure 11. Water-control and wetland classification (NWI) in Farmington Bay, northern Salt Lake Valley.
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Hydraulic Gradient and Water Quality

Based on water-level data from the 12 shallow piezometers
we installed (appendix C), we found that the magnitude and
direction of the hydraulic gradient were similar to those docu-
mented previously (low gradients toward Great Salt Lake),
whereby ground water in the wetland areas flows north toward
Great Salt Lake (appendix C, figure C1). We sampled water
from two wells in the northeastern part of the study area. The
shallow ground-water chemistry from wetlands in the south-
ern Farmington Bay area is variable. At well 2 (appendix C,
figure C1), the more upgradient well, water has a TDS con-
centration of 21,324 mg/L (Class IV). At well 8 (appendix C,
figure C1), the downgradient well, water has a TDS concen-
tration of 6786 mg/L (Class III). The classes are based on the
Utah Water Quality Board’s TDS-based classification system
(table 1). Well 8 is likely influenced by nearby surface-water
sources. However, in most cases the ground-water quality in
this area likely declines northward due to the increased salt
content in the soil and proximity to Great Salt Lake, where the
only outlet for water is through evapotranspiration.

Most of the wetlands in Salt Lake Valley are in the area
mapped by Anderson and others (1994) as a ground-water
discharge area, where an upward hydraulic gradient exists be-
tween the underlying principal aquifer and the overlying shal-
low unconfined aquifer. Average annual evapotranspiration at
the Antelope Island weather station is 49.13 inches (124.79
cm) (Ashcroft and others, 1992). Evapotranspiration of water
from the shallow unconfined aquifer and the upward hydrau-
lic gradient create a system where solutes concentrate in the
shallow unconfined aquifer, increasing TDS concentration in
the ground water. If solute concentrations reach high enough
levels, precipitation reactions may occur.

GROUND-WATER FLOW/WETLANDS
DEGRADATION ANALYSIS

Introduction

The wetlands in Salt Lake Valley are mainly concentrat-
ed along the margins of Great Salt Lake, which have been
mapped as a ground-water discharge area by Anderson and
others (1994). In this area, ground water discharges from
the shallow unconfined aquifer by natural means, mainly as
springs or seeps. The source of most of the discharging ground
water is the confined principal aquifer below the wetlands.
The palustrine wetlands are dependent upon springs and seeps
as their source of water; any decrease in discharge from these
springs and seeps would alter and possibly adversely degrade
the wetlands. Additionally, the population of Salt Lake Val-
ley is growing rapidly, and land use is becoming more resi-
dential and industrial and less agricultural. This change in
land use will decrease the amount of recharge from seepage
of unconsumed irrigation water (partly because many acres

of permeable soil will be covered by impermeable asphalt
and concrete), which is an additional contributor to the total
recharge to aquifers in the Salt Lake Valley area (Hely and
others, 1971; Waddell and others, 1987a; Lambert, 1995a).
Public water suppliers in Salt Lake Valley rely primarily on
ground water from the principal aquifer. Most of the wells
in the area are upgradient of the wetland areas (figures 1 and
2); if more wells are drilled or more water is withdrawn from
the principal aquifer to support the growing population, less
ground water would be discharged from springs and seeps that
provide water to the wetlands.

Not only are wetlands in Salt Lake Valley threatened by devel-
opment, but fluctuating climatic conditions are also impacting
the wetlands. Utah experienced drought during 1999-2004
(Utah Division of Water Resources, 2007), which reduced re-
charge to aquifers throughout the state and lowered the level
of Great Salt Lake, the ultimate barometer for water abun-
dance in northern Utah. If drought conditions persist, the level
of Great Salt Lake may drop even more. Great Salt Lake is the
farthest downgradient component of the hydrologic system in
Salt Lake Valley. The wetlands surrounding Great Salt Lake
are just upgradient of the lake, so climate-related water-level
changes in Great Salt Lake also affect the wetlands.

To evaluate the hydrology of the wetlands in Salt Lake Valley,
we used steady-state and transient ground-water flow models
developed by Lambert (1995a). We investigated the current
(steady state) and historical water use of the wetlands and de-
veloped a water budget for Salt Lake Valley. We then altered
the models to investigate possible scenarios that could affect
the wetlands, including (1) continued drought conditions with
accompanying decreased recharge to the aquifer and lower
Great Salt Lake level, (2) wet conditions resulting in increased
recharge to the aquifer, and (3) increased development and
ground-water withdrawals from the principal aquifer; these
scenarios focused on wetlands in the vicinity of Great Salt
Lake, but scenario implications likely extend to all wetlands
in the valley because they are also supplied with ground water
in the basin-fill aquifer system. These ground-water models
are the best available tools to understand how the wetlands
in Salt Lake Valley could be affected by further development
and/or drought.

Overview of Models

Lambert (1995a) developed modular, three-dimensional
ground-water flow models (McDonald and Harbaugh, 1988)
to simulate the regional flow system in the basin-fill mate-
rial in Salt Lake Valley, and calibrated the models for both
steady-state and transient-state conditions. Steady-state con-
ditions require the volume of water flowing into the system to
be simulated to equal the volume of water leaving the system.
The steady-state simulation was therefore developed using
available data that were assumed to represent near steady-
state or equilibrium conditions during which storage to the
aquifer does not appreciably change. Because of relatively
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constant pumping and small changes in storage during the
196468 period (Waddell and others, 1987a), recharge was
assumed to be about the same as discharge during 1968 and
representative of near steady-state conditions. During 1968,
withdrawals from wells were about 105,000 acre-feet (130
hm?), 2000 acre-feet (2.5 hm?) less than the average for the
1964-68 period (Waddell and others, 1987a). Changes in stor-
age were less than 2000 acre-feet (2.5 hm?) in 1968 and aver-
aged about 3000 acre-feet (4 hm?) during 1964-68 (Waddell
and others, 1987a); both quantities represent less than 1% of
the total budget for that period (Waddell and others, 1987a).
Calibration of the steady-state model involved comparing the
computed water levels in the model to measured water levels,
and computed ground-water flow to measured ground-water
flow. The simulated ground-water budget was compared with
estimates of ground-water budgets for the same period to
evaluate the fit of the model to measured conditions.

Lambert (1995a) developed the transient simulation using
data that represent the hydrologic conditions for the 1969-91
period. Lambert (1995a) used the results of the steady-state
simulation as the initial condition for the transient simulation.
The transient simulation involves simulation of annual varia-
tions in recharge from surface and subsurface sources and dis-
charge from pumping with time. During calibration, Lambert
(1995a) compared model-computed water-level changes with
measured water-level changes over this period.

Areally, Lambert (1995a) divided the model domain into 94
rows and 62 columns, with each model cell 0.35 mile (0.56
km) on a side. Vertically, Lambert (1995a) divided the aqui-
fer system into seven layers. The shallow unconfined aquifer
and the underlying confining layer were represented by one
model layer each (model layers 1 and 2, respectively). The
thicknesses of model layers 1 and 2 were variable and roughly
imitated the estimated depth and thickness of the shallow un-
confined aquifer and the underlying confining layer. Lambert
(1995a) divided the principal aquifer into five layers (model
layers 3 to 7) to represent the types of sediments in the basin
fill. Model layers 3 to 5 were each 150 feet (46 m) thick; simu-
lated saturated thickness of model layer 3 may vary during
problem solution. Model layer 6 was 200 feet (60 m) thick,
and model layer 7 ranged in thickness between 200 feet (60
m) and 1500 feet (460 m).

Lambert (1995a) divided the transient simulation from Janu-
ary 1969 to December 1991 into 23 stress periods of one year
in length. During each stress period, external stresses on the
simulated system, representing recharge or discharge for a
given year, were held constant. Each stress period was divided
into three time steps.

Model Boundary Conditions

Since a ground-water flow model requires certain mathemati-
cal and physical boundaries of a ground-water system to be
specified in order to simulate flow at surface boundaries and
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internal sources and sinks, Lambert (1995a) described bound-
ary conditions as follows:

1. A no-flow boundary was fixed for the contact between
the consolidated rock of pre-Tertiary age and basin-fill
material, or a depth within the basin-fill material below
which sediments were assumed not to contribute sub-
stantially to the basin-fill ground-water flow system.

2. On the west and east sides of the modeled area, no-flow
boundaries were fixed to correspond to the contact be-
tween the consolidated rock of the mountains and the
basin-fill.

3. The northern border of the modeled area also approxi-
mates a flow line and was accordingly treated as a no-
flow boundary.

4. The shore of Great Salt Lake in the northwestern part of
the modeled area was treated as a constant-head bound-
ary, representing the altitude of the lake surface.

Lambert (1995a) used specified-flux boundaries to simulate
recharge entering the ground-water flow system as:

1. inflow from consolidated rock in areas at the margins
of the valley,

2. seepage from streams and major canals,
3. infiltration of precipitation on the valley floor,

4. infiltration of unconsumed irrigation water from fields,
lawns, and gardens,

5. seepage from reservoirs at the mouth of Bingham Can-
yon and evaporation ponds in the southwestern part of
the valley, and

6. underflow at the Jordan Narrows.

Specified-flux boundaries were also used to simulate dis-
charge from the ground-water flow system to wells, canals,
and springs. The specified-flux boundary condition allows the
flow rate across a given boundary to be specified as a func-
tion of location and time. Flow rates across these boundaries
were specified in advance in the steady-state simulation and
for each stress period of the transient simulation (Lambert,
1995a).

Head-dependent flux boundaries were used to simulate:

1. ground-water flow to and seepage from the Jordan River
and the lower reaches of its principal tributaries,

2. inflow from consolidated rock at the northern end of the
Oquirrh Mountains,

3. discharge from the shallow unconfined aquifer to drains,
and

4. discharge by evapotranspiration.

A head-dependent flux boundary allows the flow rate across
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a boundary surface to change in response to changes in water
levels in the aquifer adjacent to the boundary (Lambert,
1995a). The flow rate is therefore a function of the water level
in the adjacent aquifer and may vary during problem solution,
and from one time step to the next in the transient simulation.

A head-dependent river boundary (McDonald and Harbaugh,
1988) was used by Lambert (1995a) in the model to represent
the Jordan River and the lower reaches of its major tributaries,
and simulates ground-water flow to or seepage from the river
depending on the simulated water-level gradient between the
river and the adjacent aquifer.

Lambert (1995a) used a head-dependent drain boundary to
simulate the influence of surface and buried drains on the
ground-water flow system. The head-dependent drain bound-
ary is similar to the river boundary but does not simulate flow
from the drain to the aquifer. When the model-computed head
in a given drain cell is lower than the bottom elevation of the
drain in that cell, no flow to or from the drain occurs.

A general head boundary (McDonald and Harbaugh, 1988)
was used by Lambert (1995a) to simulate inflow from con-
solidated rock at the northern end of the Oquirrh Mountains.
The general head boundary is similar to the drain and river
boundaries because flow into or out of a given boundary cell
from an external source is a function of the difference between
the model-computed water level in the cell and the specified
water level of the external source, and the conductance be-
tween the external source and the cell. Details of the boundary
conditions, initial conditions, and hydraulic properties of the
different model layers can be found in Lambert (1995a).

To simulate the effects of different pumping scenarios and
protracted drought on the water budgets at the Salt Lake Val-
ley wetland areas, we modified the Lambert (1995a) model,
which had been converted by the Utah Division of Water
Rights to a MODFLOW 2000 format from the original MOD-
FLOW 1988 format, to suit the purpose of this exercise. We
consider the domain of the study as consisting of the seven
layers as described by Lambert (1995a). We consider the top
layer (layer 1; figure 12) as representing the Salt Lake Valley
wetlands to evaluate the effects of the pumping scenarios and
protracted drought on the wetlands. Although the top layer
does not exactly match the size of the wetlands, we consider
flow conditions in the top layer to represent flow conditions
in the wetlands, and modeling results in the top layer the best
way to determine effects of changes in recharge and pump-
ing on the conditions of the wetlands. We selected cells in
the top layer where the wetlands are located to determine the
approximate water budgets of the wetlands under the various
water-budget scenarios. As discussed earlier, the main source
of recharge into the basin-fill aquifers is subsurface flow from
the principal aquifer. Discharge from the top layer is in the
form of drains and springs, canals, evapotranspiration, and
drainage to Great Salt Lake.

Modeling Results

Water budget components for ground-water flow simulations
for Lambert’s (1995a) layer 1 under steady-state and transient
conditions are summarized in table 2. The transient model
simulates historical changes in the water budget’s model layer
1 from 1969 to 1991. Ground-water budgets for model layer 1
in 1969 in the transient simulation are similar to those simu-
lated by the steady-state model (table 2). Note that recharge
is close to discharge under both conditions at the end of the
simulations.

Because layer 1 (top layer) in the model is larger than the
wetland areas, cells representing the wetland areas (figure 12)
were selected to evaluate the conditions of the wetlands under
the historical steady-state and transient-state conditions.
Table 3 summarizes the water-budget components of the wet-
land areas. Under the historical steady-state conditions, the
ground-water inflow to the wetlands is almost balanced by
the outflow. Recharge from subsurface flow to the wetlands
increased from about 26,400 acre-feet per year (33 hm¥/yr)
under the steady-state conditions to about 27,800 acre-feet per
year (34 hm’/yr) after the last stress period of the historical
transient simulation. Generally, under the historical transient
conditions, there appears to be a surplus of about 0.6% in the
ground-water budget for the Salt Lake Valley wetland areas.

Budget Scenarios

The water budget in layer 1 was evaluated under four scenar-
ios: (1) reduced recharge due to sustained drought conditions,
(2) increased discharge from wells completed in the princi-
pal aquifer, (3) increased pumping with decreasing recharge,
and (4) increased recharge with the same pumping as in the
last stress period of the transient model. Ten additional stress
periods were added to the transient model to simulate these
scenarios. For each scenario, we first discuss the results for
the entire layer 1 followed by the results for the wetland areas.

Scenario 1 — Reduced Recharge

Table 4 summarizes the results of the first scenario, which can
be compared to table 2. This scenario simulates a 10-year sus-
tained drought period, during which recharge from precipi-
tation is reduced by 10%. The results indicate that recharge
from precipitation would decrease from 83,000 acre-feet per
year (100 hm*/yr) at the end of the last transient stress period
to about 75,000 acre-feet per year (90 hm?/yr) at the end of
the scenario period. Recharge from irrigation fields would de-
crease by 10% from 23,500 acre-feet per year (30 hm?/yr) to
21,200 acre-feet per year (26 hm?/yr). Discharge to the Jordan
River would increase slightly, and subsurface inflow, subsur-
face outflow, and evapotranspiration would remain about the
same. A ground-water deficit will develop by about 9000 acre-
feet per year (11 hm3/yr) in model layer 1 under this scenario.
The water table will fall considerably, which will put a signifi-
cant strain on the wetlands.
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Figure 12. Areal extent of model layer 1 in Salt Lake Valley (from Lambert, 1995a).

With respect to the specific wetlands areas under this scenario
(table 4), recharge from precipitation would decrease from
24,300 acre-feet per year (30 hm?/yr) during the last stress
period of the historical transient simulation (table 3) to 24,100
acre-feet per year (29.7 hm?/yr). Subsurface inflow to the wet-
land regions would similarly decrease from 27,800 acre-feet
per year (34 hm®/yr) to 14,500 acre-feet per year (18 hm?/yr).
Total ground-water discharge from the wetlands will be high-
er at 39,610 acre-feet per year (49 hm*/yr) than total ground-
water inflow of 38,910 acre-feet per year (48 hm?®/yr), result-
ing in a deficit of 1.8% in the ground-water budget.

Scenario 2 — Increased Pumping

If recharge remains the same as the level of the last stress
period of the transient model (table 2) while pumping rate
is increased by 10%, a surplus of about 1600 acre-feet per
year (2 hm?/yr) will develop in model layer 1. Other budget
components are as shown in table 5. Our results show that
the hydrologic conditions of the wetlands will improve under
a 10% increase in pumping while maintaining historical re-
charge levels compared to a reduction in recharge by the same
margin.
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Table 2. Average annual simulated ground-water recharge and discharge for model layer 1.

Water-budget Steady-state Transient-state | Change from steady
component simulations simulations state to transient
Estimated quantity Estimated quantity o
(acre-feet per year) (acre-feet per year)
Recharge
Jordan River 1300 1900 +46
Precipitation 88,000 83,000 -6
(Sf‘r‘(k)’rsr‘:gif; ill‘)‘i";zui o 114,000 93,000 419
Irrigation fields 23,500 23,500 0
Storage - 700 -
TOTAL 226,800 202,100 -11
Discharge
Great Salt Lake 1200 1200 0
Springs and drains 9600 7200 -25
Evapotranspiration 36,400 32,000 -12
Jordan River 140,000 116,000 -17
Subsurface outflow 36,600 37,000 +1
Canals 6300 6300 0
TOTAL 230,100 199,700 -13

Table 3. Ground-water budget for the wetland areas under steady-state and historical transient conditions.

Water-budget component | Steady-state simulations | Transient-state simulations
Estimated quantity Estimated quantity
(Acre-feet per year) (Acre-feet per year)
Recharge
Storage - 290
Jordan River 40 30
Precipitation 23,700 24,300
(from principal aquifer 26400 27,800
TOTAL 50,140 52,420
Discharge
Great Salt Lake 1200 1200
Springs and drains 3500 3800
Evapotranspiration 27,000 27,900
Jordan River 18,500 19,100
Subsurface outflow 10 80
TOTAL 50,210 52,080
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Table 4. Ground-water budget for model layer 1and wetland areas after a 10% drop in recharge for 10 stress periods.

Water-budget component Model layer 1 Wetland areas
(Acre-feet per year) (Acre-feet per year)
Recharge
Precipitation 75,000 24,100
(rom prneipal aquife) 93,000 14,500
Irrigation fields 21,200 -
Jordan River 1900 30
Storage 77,700 280
TOTAL 268,800 38,910
Discharge
Evapotranspiration 32,400 24,940
Jordan River 116,200 10,150
Springs and drains 7200 2420
Great Salt Lake 1200 1180
Canals 6400 -
Subsurface outflow 36,600 650
Out storage 77,800 270
TOTAL 277,800 39,610

The wetland areas (table 5) would receive a total of 42,410
acre-feet per year (50 hm?/yr) in recharge, and discharge a
total of 42,420 acre-feet per year (50 hm*/yr). A 10% increase
in pumping at historical recharge rates will reduce evapotrans-
piration.

Scenario 3 - Increased Pumping and Decreased
Recharge

A decrease in recharge by 10% with an increase in pumpage
from the principal aquifer by 10% would result in a deficit
of about 19,000 acre-feet per year (23 hm3/yr) in the ground-
water budget for model layer 1. Both recharge and discharge
are lower than the scenario under which there is a 10% de-
crease in recharge but pumping remains the same (table 4),
and the deficit in the ground-water budget is about doubled.
The ground-water budget components under this scenario are
summarized in table 6.

For the wetlands areas under this scenario (table 6), the
ground-water budget is expected to be in deficit by about
1.5%. Evapotranspiration would decrease from its histori-
cal transient level of 27,900 acre-feet per year (34 hm?/yr) to
about 17,000 acre-feet per year (21 hm*/yr). About 3500 acre-
feet per year (4 hm*/yr) of ground water would be discharged

through springs and drains. This figure is lower compared
to the 3800 acre-feet per year (5 hm*/yr) discharged through
springs and drains during the last stress period of the histori-
cal transient simulation. Ground-water outflow to Great Salt
Lake would remain the same at 1200 acre-feet per year (1.5
hm?/yr), while subsurface outflow would drastically fall from
80 acre-feet per year (0.1 hm?/yr) at the end the historical
transient simulation to about 10 acre-feet per year (0.01 hm*/
yr). The combined effect of increased pumping and reduced
recharge would thus pose the most damaging effect on the
conditions of the wetlands in the area.

Scenario 4 — Increased Recharge with Increasing
Pumpage

With both pumpage and recharge increased by 10%, the
ground-water budget for model layer 1 indicates a surplus of
about 11,000 acre-feet per year (14 hm?/yr) (table 7). In terms
of wetlands hydrology, this is the best (most beneficial to wet-
lands health) of the scenarios we chose to model as part of this
study. Recharge from precipitation and subsurface recharge
both increase with respect to the historical and steady-state
values. Model layer 1 has no pumping wells completed within
it, and the principal sources of discharge are evapotranspi-
ration, subsurface discharge, discharge through drains and
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Table 5. Ground-water budget for model layer 1 and wetland areas after a 10% increase in pumping from the principal aquifer for
10 stress periods, while maintaining historical recharge levels.

Water-budget component (Aclz*/le(:i(‘lee(:tl:)e]?;flar) (Agg-ti!:;dpges?:ar)
Recharge
Precipitation 83,000 24,290
(o prineipal aquier 87,600 17,800
Irrigation fields 23,500 -
Jordan River 2000 30
Storage 640 290
TOTAL 196,940 42,410
Discharge
Evapotranspiration 31,700 17,910
Jordan River 109,900 19,110
Springs and drains 7000 3820
Great Salt Lake 1100 1190
Canals 7000 -
Subsurface outflow 38,000 80
Out storage 630 310
TOTAL 195,330 42,420

Table 6. Ground-water budget for model layer 1 and wetland areas after a 10% decrease in recharge and a 10% increase in pumping.

Water-budget component Model layer 1 Wetland areas
(Acre-feet per year) (Acre-feet per year)
Recharge
Precipitation 75,000 24,100
(from principal aquifer) 83,000 14,500
Irrigation fields 21,200 -
Jordan River 1900 30
Storage 640 280
TOTAL 181,740 38,910
Discharge
Evapotranspiration 32,000 17,000
Jordan River 116,000 17,500
Springs and drains 7200 3500
Great Salt Lake 1100 1200
Canals 7000 -
Subsurface outflow 36,600 10
Out storage 630 300
TOTAL 200,530 39,510
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Table 7. Ground-water budget for model layer 1 and wetland areas after a 10% increase in recharge and pumping.

Water-budget component Model layer 1 Wetland areas
(Acre-feet per year) (Acre-feet per year)
Recharge
Precipitation 91,000 27,000
(from prineipal aquifen) 93,000 6200
Irrigation fields 26,000 -
Jordan River 1900 30
Storage 600 280
TOTAL 212,500 33,500
Discharge
Evapotranspiration 32,000 24,000
Jordan River 116,000 630
Springs and drains 7200 2400
Great Salt Lake 1200 1200
Canals 7000 -
Subsurface outflow 37,000 460
Out storage 700 250
TOTAL 201,100 28,940

springs, discharge to Great Salt Lake, and discharge through
canals.

If recharge increases by 10% while pumpage increases by the
same margin, the wetland areas (table 7) would receive about
4,560 acre-feet per year (6 hm®/yr) more recharge than dis-
charge. Obviously, this would be beneficial for maintaining
Salt Lake Valley wetlands.

Conclusions from Water-Budget Modeling

The wetlands in Salt Lake Valley are downgradient of most of
the water users in the basin, so wetland health and functional-
ity depend on upgradient activity.

Determining the worst-case scenario for wetland degradation
is difficult due to ground-water-model limitations (such as
simplified ground-water recharge mechanisms) and the com-
plexity of the ground-water flow system in Salt Lake Valley.
As with all models, the ground-water flow models of Salt Lake
Valley are based on a conceptual model of the basin that in
turn depends on (1) how well we understand the processes op-
erating in the aquifer, (2) how well we know and represent the
geometry of the system, and (3) how accurate our underlying
assumptions are in relation to development of the model. We
believe Lambert (1995a) had a good understanding of aquifer
processes and system geometry and made relatively accurate

assumptions in relation to the development of his models, but
recognize the limitations of ground-water modeling. Models
can predict an outcome that may not actually occur within
the real-world ground-water system. However, the models
offer the best tools we have for evaluating the complexity of
ground-water flow. The modeled results are meant to gener-
ate possible outcomes for the proposed scenarios, which, most
importantly, will help guide land-use planning and develop-
ment decisions.

Maintaining hydrologic conditions at their historical levels is
extremely important for the maintenance of the Salt Lake Val-
ley wetlands. The water-budget analysis we conducted quanti-
fies the amount of water flowing into and out of the Salt Lake
Valley wetlands area, at least according to the ground-water
flow models. Our modeling results suggest that recharge as
subsurface inflow to wetland areas would decrease more by
continuing drought than by increased pumping (at least at the
decreased recharge and increased pumping levels used in our
scenarios), especially in light of the lowering Great Salt Lake
levels that could occur during such a drought. The model sug-
gests that a change to wetter-than-normal conditions would
increase recharge as subsurface inflow to the wetland areas,
causing an increase in spring and seep discharge and evapo-
transpiration; this represents the most beneficial scenario for
the wetlands. Increased water withdrawals from wells in Salt
Lake Valley causes a reduction in recharge to the wetland
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areas, but most of the change is accounted for by reduced sub-
surface outflow from the wetlands area. Development in Salt
Lake Valley does have some effect on recharge to the wet-
land areas, as shown by the reduced recharge from steady-
state conditions at the end of the transient simulation. The
worst-case scenario for the wetlands would be a combination
of long-term drought and increased ground-water pumpage.
Considering the pressure for more development and the likeli-
hood of periodic drought, this combined scenario seems plau-
sible. If this combined scenario occurs, the loss of recharge to
the Salt Lake Valley wetland areas would most likely result
in a decrease in wetland functionality; some parts of the wet-
lands would dry up and upland plants would replace wetland
plants, or the land would become so dry and saline that only
halophilic plants would be able to survive. The other possibil-
ity under the combined increased pumpage and drought sce-
nario would be that the wetlands function for only a short time
during the spring when water is abundant enough to produce
ponds and marshes; later in the year the wetlands would dry
up, leaving little to no water for plants or animals in the wet-
land community.

CONCLUSIONS AND
RECOMMENDATIONS

The federal government has a “no net loss” policy for wet-
lands, but the local community is responsible for identifying
the threats posed to local wetlands, and developing a plan for
preserving and managing the wetlands. To meet this federal
policy, the Salt Lake Valley wetlands area should be managed
to maintain the current water budget, estimated to include
52,420 acre-feet per year (65 hm®/yr) of recharge from all
sources, of which 27,800 acre-feet per year (34 hm?/yr) is sub-
surface inflow. To reduce the potential for degradation to the
Salt Lake Valley wetlands, restrictions could be placed on the
areas of potential development, such as allowing development
only in upland environments or placing a non-development
buffer zone around the wetland areas. Overall, agricultural
land use is more beneficial to wetland health and functional-
ity than industrial and urban land use, because of the prospect
of recharge from irrigation and other agricultural return flow.
If local governments intend to allow continued development
in these areas, allowing land uses that have minimal impacts
to wetlands, such as rotational grazing on irrigated pastures,
low-density rural developments, and single-family residential
developments with a half acre of native vegetation between
houses, would be the best approach for preserving the Salt
Lake Valley wetlands. Treated wastewater from municipal
sewers, where possible, could be reused or discharged to the
environment upgradient of the wetlands, preserving this water
for wetland use. Implementation of water-conservation prac-
tices would also be beneficial for wetland environments. This
would help ensure that the wetlands receive the water they
need to maintain their functionality.

Our study indicates the wetlands in Salt Lake Valley may be
stressed in the future. The potential causes of this stress are
drought and increased development due to population growth,
which could dramatically reduce the amount of water the wet-
lands receive. We cannot predict changes in climate with cer-
tainty, but we can plan appropriately for future development.
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WETLANDS BACKGROUND, DEFINITIONS, AND FUNCTIONS

The material in this appendix is from Burk and others (2005). Wetland scientists have had a tremendous amount of difficulty
defining a wetland because wetlands can be very different from place to place. Due to this variability, scientists have made
numerous attempts at deriving an all-encompassing definition of a wetland. Wetlands are generally defined as transitional lands
between terrestrial and aquatic ecosystems. Three criteria are used to define a wetland: hydrology, soil, and vegetation. To be
classified as a wetland, an area must have specific characteristics related to one or more of these criteria.

The two interest groups that require a definition for wetlands are wetland scientists and wetland managers and regulators. Wet-
land scientists are interested in a definition that facilitates classification, inventory, and research of wetlands, whereas wetland
managers are interested in the laws and regulations surrounding wetlands. The most widely accepted scientific definition,
developed by the U.S. Fish and Wildlife Service as part of the National Wetlands Inventory, states: “Wetlands are lands tran-
sitional between terrestrial and aquatic systems where the water table is usually at or near the surface or the land is covered by
shallow water... Wetlands must have one or more of the following three attributes: (1) at least periodically, the land supports
predominantly hydrophytes; (2) the substrate is predominantly undrained hydric soil; and (3) the substrate is nonsoil and is
saturated with water or covered by shallow water at some time during the growing season of each year” (Cowardin and others,
1979).

The two entities that deal with the laws and regulations on wetlands are the U.S. Environmental Protection Agency (EPA) and
the U.S. Army Corps of Engineers, which define wetlands as “those areas that are inundated or saturated by surface or ground
water at a frequency and duration sufficient to support, and that under normal circumstances do support, a prevalence of veg-
etation typically adapted for life in saturated soil conditions. Wetlands generally include swamps, marshes, bogs, and similar
areas” (U.S. Army Corps of Engineers, 1987, p. 9). The U.S. Army Corps of Engineers oversees the regulatory aspect of wet-
lands, specifically in relation to the Clean Water Act, so they are the agency in charge of enforcing the “no net loss” policy of
the federal government.

The presence of water at or near the surface in a wetland is obvious, but water need not be there all the time in a wetland. Many
wetlands are “wet” only during certain periods of the year. The presence of water is nonetheless a critical part of a wetland, and
influences the soil and vegetation in a wetland. The type of soil in a wetland is termed hydric. “A hydric soil is a soil that is
saturated, flooded, or ponded long enough during the growing season to develop anaerobic conditions that favor the growth and
regeneration of hydrophytic vegetation” (Mitsch and Gosselink, 2000, p. 756). The term hydrophytic vegetation or hydrophyte
refers to “water loving” plants, which are able to survive with little or no oxygen, and can withstand fluctuating water levels.
Two types of hydrophytes exist: aquatic and emergent. Aquatic plants, such as the water lily, actually live in the water. Emer-
gent plants have roots that grow in soil that is saturated with water, while the rest of the plant may be exposed to the atmosphere.
Emergent plants include cattails, reeds, and sedges. The soil and vegetation in a wetland are very dependent upon water for
their development and growth, illustrating that water is the master variable when it comes to wetlands.

One of the most important functions of wetlands is their ability to improve water quality. This occurs by filtration of water as
it flows through a wetland. Water that enters a wetland may be laden with pollutants, which can settle out of the water column
during transport. Toxic substances can be buried and trapped in bottom sediments. Plants and microorganisms can absorb
and consume the toxic substances and return them to the environment in benign forms. Many wastewater treatment plants use
constructed or modified wetlands to treat water before returning it to the environment.

Another benefit of wetlands is their ability to control flooding and act as storage reservoirs. When floodwater encounters a
wetland, the force and velocity of the water is dissipated, so downstream damage is typically reduced. Additionally, as wetlands
capture floodwater, the water is stored in the wetlands and released slowly during the following months. This stored water can
recharge ground-water aquifers, which is very important for drought-stricken areas.

Wetlands are also important habitat areas. They have high biodiversity and productivity that is comparable to rain forests
and coral reefs (U.S. EPA, 2003). Wetlands are important to many plant and animal species; about 45 percent of the species
listed as threatened or endangered under the Endangered Species Act use wetland habitat (National Wildlife Federation, 1989).
Wetlands offer habitat for plants, insects, fish, amphibians, reptiles, mammals, and birds, creating a self-sustaining food web.
Animals use wetlands as a source for food, as nesting grounds, and as nurseries.
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Table B1. Cowardin classification scheme for Salt Lake County wetlands.
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Table B1. continued

Area
Code Acres Hectares Cowardin description
PFO1A 9.9 4.0 <0.10%  Palustrine - Forest - Broad-leaved deciduous - Temporarily flooded
PSS1/EMA 9.6 3.9 <0.10%  Palustrine - Scrub-shrub, broad-leaved deciduous/Emergent - Temporarily flooded
PEMFx 8.8 3.6 <0.10%  Palustrine - Emergent - Semi-permanently flooded - Excavated
PUS/EMC 8.6 3.5 <0.10%  Palustrine - Unconsolidated shore/Emergent - Seasonally flooded
PSSA 8.0 3.2 <0.10%  Palustrine - Scrub-shrub - Temporarily flooded
R2UBG 7.5 3.0 <0.10%  Riverine - Unconsolidated bed - Intermittently exposed
PAB/EMFx 6.6 27 <0.10%  Palustrine - Aquatic bed/Emergent - Semi-permanently flooded - Excavated
PFO/SSA 6.6 2.7 <0.10%  Palustrine - Forest/Scrub-shrub - Temporarily flooded
PUBG 6.1 25 <0.10%  Palustrine - Unconsolidated bed - Intermittently exposed
PSS/EMCh 4.7 1.9 <0.10%  Palustrine - Scrub-shrub/Emergent - Seasonally flooded - Diked/impounded
PEMAX 4.2 1.7 <0.10%  Palustrine - Emergent - Temporarily flooded
PEMFh 3.7 1.5 <0.10%  Palustrine - Emergent - Semi-permanently flooded - Diked or impounded
PEMASC 3.6 1.4 <0.10%  Palustrine - Emergent/Unconsolidated shore - Seasonally flooded
R2UBh 3.3 1.4 <0.10% Riverine - Unconsoclidated bed - Diked or impounded
PSSMUSC 2.7 % <0.10%  Palustrine - Scrub-shrub/Jnconsolidated shore - Seasonally flooded
PSSCx 2 0.9 <0.10%  Palustrine - Scrub-shrub - Seasonally flooded - Excavated
PEMAJSAR 15 0.6 <0.10%  Palustrine - Emergent/Unconsolidated shore - Temporarily flooded - Diked/impounded
PEMAhA 14 0.6 <0.10%  Palustrine - Emergent - Temporarily flooded - Diked or impounded
PEM/SSCh 14 0.5 <0.10%  Palustrine - Emergent/Scrub-shrub - Seasonally flooded - Diked/impounded
PEM/SSCx 1.2 0.5 <0.10%  Palustrine - Emergent/Scrub-shrub - Seasonally flooded - Excavated
R4SBA 14 0.4 <0.10%  Riverine - Streambed - Temporarily flooded
PEM/SSF 1.0 0.4 <0.10%  Palustrine - Emergent/Scrub-shrub - Semi-permanently flooded
PABHx 0.8 0.3 <0.10%  Palustrine - Aquatic bed - Permanently flooded - Excavated
PEM/ABFx 0.6 0.3 <0.10%  Palustrine - Emergent/Aquatic bed - Semi-permanently flooded - Excavated
PUBFh 0.6 0.2 <0.10%  Palustrine - Unconsolidated bed - Semi-permanently flooded - Diked or impounded
R2USA 05 0.2 <0.10% Riverine - Unconsolidated shore - Temporarily flooded
RUSCx 0.4 0.2 <0.10% Riverine - Unconsolidated shore - Seasonally flooded - Excavated

total —EB4AT 23654
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APPENDIX C
WATER-QUALITY DATA



Table C1. Water-quality data.

Ground-water

Nitrogen Solids, sum of

Well Elevation (ft NO2 + NO3 constituents, Field Field, Specific Lab, Specific Aluminum,
Depth above sea dissolved dissolved Tempera- Conductance Conductance pH, dissolved
Site ID* Location (feet) level) Sample Date  (mg/L) (mg/L) ture, (°C) (uS/cm) (umhos) pH, lab field (Mg/L)
1 Rudy Gun Club 4 4210.7 5/20/2008 - - - - - - - -
2 Salt Lake International Airport 5 4213.8 5/20/2008 <0.1 21,324 20.4 325 >12,000 8.66 9.27 296.0
3 Salt Lake International Airport 6 4214.7 5/20/2008 - - - - - - - -
4 Rudy Gun Club 6 4212.0 5/20/2008 - - - - - - - -
5 Rudy Gun Club 6 4212.2 5/20/2008 - - - - - - - -
6 Salt Lake International Airport 7 4218.1 5/20/2008 - - - - - - - -
7 Farmington Bay WMA”* 7 4209.4 5/20/2008 - - - - - - - -
8 Farmington Bay WMA" 4 4207.4 5/20/2008 <0.1 6786 14.2 11.5 11,180 8.75 9.06 784.0
9 Farmington Bay WMA”* 5 4203.1 5/20/2008 - - - - - - - -
10 Lee Kay Center 6 42223 5/20/2008 - - - - - - - -
11 Lee Kay Center 7 4220.6 5/20/2008 - - - - - - - -
12 Lee Kay Center 5 4216.1 5/20/2008 - - - - - - - -
Carbonate Copper, Iron, Lead, Magnesium, Manganese, Mercury, Potassium,
(CO3) Solids  dissolved Hydroxide dissolved dissolved dissolved dissolved dissolved Nickel dissolved
Site ID* Location (mg/L) (ng/L) (mgl/L) (Mg/L) (ug/L) (mgl/L) (ng/L) (ng/L) (ug/L) (mglL)
1 Rudy Gun Club - - - - - - - - - -
2 Salt Lake International Airport 199 25.6 0.0 1350.0 4.14 562 515.0 <0.2 <50.0 252
3 Salt Lake International Airport - - - - - - - - - -
4 Rudy Gun Club - - - - - - - - - -
5 Rudy Gun Club - - - - - - - - - -
6 Salt Lake International Airport - - - - - - - - - -
7 Farmington Bay WMA* - - - - - - - - - -
8 Farmington Bay WMA* 507 10.1 0.0 1220.0 5.49 388 71.2 <0.2 <50.0 109
9 Farmington Bay WMA* - - - - - - - - - -
10 Lee Kay Center - - - - - - - - - -
11 Lee Kay Center - - - - - - - - - -
12 Lee Kay Center - - - - - - - - - -
- no data

*see figure C1 for site ID location
*WMA - Waterfowl Management Area
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Table C1. continued

Arsenic, Barium, Cadmium, Calcium, Carbon Chromium,
dissolved dissolved Bicarbonate Boron dissolved dissolved dioxide Carbonate Chloride dissolved
(nglL) (mglL) (mg/L) (nalL) (mglL) (mg/L) (mg/L) (mg/L) (mglL) (nglL)
66.4 <100.0 174 4890.0 <1.0 116 1 113.0 7590.0 <20.0
35.7 152.0 895 1330.0 <1.0 165 3 66.0 3030.0 <20.0

Total Total
Selenium, Silver, Sodium, Total Total Organi Suspended Zinc,
dissolved dissolved dissolved Sulfate Alkalinity Hardness c Solids  Turbidity, dissolved
(ug/L) (ug/L) (mgl/L) (mgl/L) (mgl/L) (mg/L) Carbon (mg/L) (NTU) (ug/L)
16.2 <5.0 7350.0 2780.0 331.0 2601.8 42.7 860.0 790.0 <100.0
<10.0 <5.0 1790.0 757.0 845.0 2008.1 12.7 1682.0 1535.0 <100.0
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Wildlife Service, 2001).



	COVER



