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Introduction 

 The Scott M. Matheson Wetlands Preserve is a riparian ecosystem that provides 

unique habitat for hundreds of species of birds as well as for a diversity of flora and fauna 

not commonly found in the high desert of the Colorado Plateau.  Seasonal fluctuations in 

surface and groundwater levels at the wetland are pronounced and dictate the type and 

locations of the plants and trees that comprise the collage of habitats protected on the 

wetland.  These fluctuations, which follow precipitation and temperature trends on an 

annual cycle, are enhanced by water use and diversion occurring in and around the city of 

Moab illustrating that the hydrology of the wetland is closely linked to groundwater and 

surface water discharges from nearby Spanish Valley.  Additionally, the wetland lies 

directly across the Colorado River from a large uranium tailings pile.  The subsurface 

connection to contaminated groundwater emanating from beneath the tailings pile is also 

a matter of hydrologic significance.  Improved delineation of ground and surface water 

sources to the wetland can help The Nature Conservancy and Utah Division of Wildlife 

Resources develop conservation and management strategies for the future.   

Previous studies led to a conceptual model that had the wetland being the regional 

discharge point for groundwater from the alluvial aquifer of Spanish Valley which carried 

a significant component of groundwater from the Glen Canyon Group Aquifer.  Although 

recharge to the valley-fill aquifer occurs by direct precipitation and by infiltration of 

water from Pack Creek and Ken’s Lake (Figure 1) in the southeast part of the valley 

(Steiger and Susong, 1997), Blanchard (1990) notes that chemical characteristics suggest 

the valley-fill and Glen Canyon aquifer are hydraulically connected and that water from 

these two sources converges and mixes along the northeast canyon wall and west of the  

canyon wall.  In fact, the most recent groundwater model of the alluvial aquifer in 

Spanish Valley assumes 44,900 m3/day (13,300 acre-ft/yr) of water from the Glen 

Canyon aquifer enters the valley-fill aquifer along the northeast canyon wall (Downs and 

Kovacs, 2000).  The Downs and Kovacs (2000) model agrees with the estimates of 

Sumsion (1971) and has the largest component of water available to the wetland 

(approximately 44,900 m3/day or 13,000 acre-feet per year) being regional groundwater 

that is either consumed by evapotranspiration or is discharged into the Colorado River. 
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Figure 1.  Location of the Scott M. Matheson Wetland Preserve and other relevant 
hydrogeologic features in Spanish Valley near Moab, Utah. 

 

 

Cooper and Severn (1994) monitored surface and groundwater hydrology as part 

of an investigation of the ecological characteristics of the wetland.  Their primary goals 

were to distinguish different water sources affecting the area and determine if any 

elements or compounds were present in concentrations that could be toxic to fish.  Much 

of the hydrologic study conducted by Cooper and Severn focused on Colorado River 

hydrographs and observations of water table fluctuations.  They determined that the 

Colorado River runs overbank at flows of approximately 40,000 cubic feet per second 

(cfs) in this area and that 5 days of flooding was enough to significantly affect the 
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wetland.  Examination of historical hydrographs showed that the wetland flooded, on 

average, about once every 1.86 years prior to 1959 and that this frequency decreased to 

once every 8.5 years since then.   

Colorado River flows peaked at more than 45,000 cubic feet per second (cfs) and 

flooded the wetland for approximately 10 days in May of 1993 during their study.  

Despite the inundation of floodwater in May of 1993 from the Colorado River, water 

level and water quality monitoring in the shallow wells and at surface water sites led 

Cooper and Severn to conclude that mid to late summer water sources are independent of 

the Colorado River.  Rather, they put forth that stable sources of water to the wetland 

include irrigation return flows and springs that discharge on the east side of Spanish 

Valley near Moab.  This conclusion appears not to agree with the other estimates 

mentioned, primarily because the springs and irrigations return flows do not provide the 

flux of groundwater predicted by the model of Downs and Kovacs (2000) and the 

discharge estimates of Sumsion (1971).  Because of this disparity, further study was 

warranted. 

The projects discussed here were undertaken to develop a water budget for the 

wetland by investigating and quantifying: (1) sources of water to the wetland, (2) 

seasonal changes in hydrologic patterns, (3) bulk wetland evapotranspiration, and (4) the 

hydrologic connection between the wetland and the Moab Mill Tailings.  Because 

preliminary investigation showed the wetland hydrology to be complicated by extreme 

salinity gradients, subsurface geology, and seasonal fluctuations in water levels, 

advanced methods and time-series monitoring were employed to investigate the 

groundwater system.  Tritium, dissolved noble gas concentrations, and oxygen and 

deuterium isotope ratios were used to examine the sources and histories of waters present 

at the wetland.  Salinity and water level data were recorded approximately three times a 

year to examine directions of groundwater movement.  These methods, coupled with 

analysis of groundwater Uranium and Ammonia concentrations were used to explore the 

groundwater connection between the wetland and the Moab Mill Tailings.  In addition, 

estimates of evapotranspiration were refined using the Penman-Monteith equation and 

meteorological data for five different vegetation zones across the wetland.  This report 

summarizes the major conclusions of the studies performed between the summer of 2000 
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and 2004 by members of the Department of Geology and Geophysics and the Department 

of Biology at the University of Utah.  Further details of these conclusions along with the 

background research and the details of the methods employed are included in the 

accompanying appendices (Appendix I, II , and III). 

 

 

Subsurface Geology 

Geology of the subsurface beneath the wetland was investigated by logging core 

at three boreholes drilled during the summer of 2003 and comparing these logs with those 

of wells drilled by the U.S. Department of Energy in the summer of 2002 (U.S. DOE, 

2002) and borehole data presented by Doelling (2002).  The locations of the three drill 

sites (BL1, BL2, and BL3) along with all other surface- and groundwater sampling points 

are shown on Figure 2.  Approximately 5.5 m of fine grained sand and silty overbank 

deposits were found at BL1 and BL2 and about 8.5 m of these same deposits were found 

at BL3.  Beneath the overbank deposits, large continuous sequences of gravels and 

cobbles in a sandy matrix were found in borings BL1 and BL2 (Figure 3).  The top of the 

gravels at BL1 and BL2 is approximately 1203 m in elevation and the sequence continues 

as one highly permeable hydrogeologic unit for a total thickness of more than 40.0 m at 

these boreholes.  Although core from BL3 lacked the distinct large sequence of river 

gravels found at depth in the other two holes, a few high permeability units in the form of 

small channel deposits with sub-angular to well rounded gravels were found.  These 

small channel deposits are interbedded within finer grained material indicating that the 

location of BL3 was on the edge of the main Colorado River channel.   

The overbank and gravel deposits are clearly correlated with the DOE logs 

showing the top of the gravel deposit to be between 1200 and 1204 m in elevation across 

the site with a maximum thickness of more than 122 m.  Based on available well logs, the 

deposit of Colorado River gravels that underlies 5 to 9 m of silty overbank deposits 

across the site extends beneath the Colorado River and well beneath the mill tailings pile.  

Figure 4 shows the site map with the minimum extent of the river gravel deposit shaded. 
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            Figure 2.  Map showing the location of surface water and groundwater sampling points 
at the Scott M. Matheson Wetland Preserve and the Moab mill tailings.  Note that at 
many of the well sites shown there are two to four individual wells or piezometers 
screened at different depths.
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Figure 3.  Photograph of core recovered from borehole BL1.  Core on the right shows 
silty overbank deposits that cover the upper 5 – 8 m across the wetland and the core on 
the left is an example of the underlying gravel and cobble sequence.
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Figure 4.  Map of the Moab mill tailings and Scott M. Matheson Wetland Preserve 
showing the minimum extent of the subsurface channel gravel deposit as reconstructed 
from well logs from both sides of the Colorado River.  Also shown are lines of cross-
sections A-A’ and B-B’ which appear in subsequent figures.   



 

 8 

 

Three samples of organic material were collected during drilling of boreholes 

BL1, BL2, and BL3 and submitted for radiocarbon dating.  One sample was collected 

from BL2 at 12.5 m (41 ft) and two samples were collected from BL3 at 7.3 m (24 ft) and 

9.1 m (30 ft) below land surface.  Radiocarbon analyses were performed by Beta Analytic 

Inc. (BAI) in Miami, Florida and the results are listed in Table 3.1.   

 
 
Table 1.  Results of radiocarbon dating of three samples of organic material collected 
from core of the BL2 and BL3 boreholes drilled in August, 2003. 
 

Sample Material 

Depth 
Below Land 

Surface 
(m) 

13C/12C 
(permil) 

Conventional 
Radiocarbon 

Age 
(years BP) 

2σ 
Calibrated 

Radiocarbon Age 
(years BP) 

BL2-41 wood 12.5 -27.2 5920 +/-40 6800 to 6660 
BL3-24 wood 7.3 -24.8 30 +/-60 Modern (ca. 1950) 
BL3-30 peat 9.1 -25 910 +/-50 935 to 715 
 

The “Conventional Radiocarbon Age” listed in Table 1 is the result after applying 
13C/12C corrections to the measured age (Talma and Vogel, 1993).  The 2-sigma 

calibrated radiocarbon age in Table 1 is the calendar age range (95% probability) of each 

sample based on the Intcal 98 database (Stuiver, 1998).  The sample BL3-24 is outside of 

the calibration range and can only be reported as modern and interpreted to be less than 

about 150 years old.   

Of particular interest are the ages from the BL3 borehole which is located about 

65 m from the present channel on the point-bar side of the river.  Radiocarbon ages of 

these two samples clearly indicate that Colorado River floods have scoured away 

sediments to the depth of the channel gravels (7 and 9 meters below land surface, Table 

1) two times in less than 1,000 years.  Flood scour of this magnitude on the opposite side 

of the river has the potential to undermine and destabilize the foundation of the tailings 

pile which would result in contaminated material spilling into the Colorado River.  

Furthermore, the depth and timing of scour indicated by these radiocarbon data suggest 

that any measure taken to stabilize the tailings pile must consider the fine-grained 

overbank deposits beneath the pile to be unstable over time spans of less than 1,000 

years.  
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Salinity and General Directions of Groundwater Flow 

Water levels and Specific Conductivity were measured in wells and piezometers 

on the wetland as many as six times between autumn 2002 and late spring 2004.  These 

measurements were made only once in wells at the Moab Mill Tailings property when 

access was granted in the summer of 2003.  Specific Conductivity (SpC) is a proxy for 

groundwater salinity and is directly correlated with total dissolved solids concentrations 

(TDS).  Aquifer dynamics at the wetland are complicated by large fluctuations in 

hydraulic heads and extreme salinity gradients.  This is illustrated in the time series plot 

of water level and SpC for selected wells from north to south in Figures 5.a and 5.b.   

Groundwater beneath the wetland and the mill tailings ranges from shallow 

freshwater with TDS values of less than 1000 mg/L to brine with TDS values of more 

than 100,000 mg/L (for comparison, the TDS of average sea water is around 30,000 

mg/L).  It appears that the fresh water – brine interface is at approximately the same 

depth as the contact between the overbank and channel gravel deposits.  Figure 6 displays 

the concentration of total dissolved solids in groundwater during summer of 2003 in the 

cross section of A-A’.  Seasonal variations in the TDS of wells M11-14, and N7-10 are 

on the order of 20,000 to 50,000 mg/L, indicating that they span the fresh water – brine 

interface and that this boundary is dynamic.  Notable seasonal variations in the salinity of 

shallow fresh groundwater on the preserve also occur (e.g. wells nests N4 and N5).  

These smaller shifts are attributed to the build up salts from agriculture and tamarisk leaf 

litter and subsequent dilution with seasonal water table fluctuations.  

Water level measurements alone cannot be used to examine directions of ground 

water flow when the groundwater salinities (thus water densities) vary as they do across 

this site.  Rather, the measurements must be corrected for salinity to a value referred to as 

the equivalent freshwater hydraulic head (EFH).  Once the correction is made, values of 

EFH can be contoured and examined in a similar way that a contour map of land surface 

elevation is examined where groundwater flows perpendicular to contour lines from high 

hydraulic heads (EFH in this case) to low hydraulic heads.  Figures 7 shows EFH 

contours compiled for the shallow, freshwater system in spring and summer of 2003.
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Figure 5.a.  Water level elevations in selected wells from autumn 2002 to spring 2004. 
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Figure 5.b.  Specific conductivity values in selected wells from autumn 2002 to spring 
2004. 



 

 

 

Figure 6.  Cross section A-A’ showing TDS (g/L) values of groundwater 
during the summer of 2003 displayed at sampling points (well screens) in 
the subsurface.  Refer to Figure 4 for location of cross section.



 

 

 
 Figure 7.  EFH contours (meters above mean sea level) of shallow, fresh groundwater in March and July, 2003. 
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 The highest hydraulic heads in this freshwater system are always located on the 

eastern edge of the wetland preserve and the direction of groundwater flow is always to 

the west and south, generally toward the Colorado River.  The water table near the 

bedrock walls of the valley maintains relatively constant elevation.  Well nests N6 and 

N3 are located along the northeast canyon wall where spring water of the Glen Canyon 

Group aquifer is known to discharge.  The largest variation in water table elevation in the 

shallow system occurred at well nests located nearest to the irrigated fields on the eastern 

margin of the preserve.  Between March and July of 2003, while head values remained 

fairly constant along the northeast valley wall, the hydraulic head in well nest N5 and N4 

dropped by 1.2 m.  This pattern of groundwater levels along the eastern edge of the 

preserve (dropping in the summer and recovering in the winter) is repeated seasonally 

and illustrates that while the component of groundwater from spring discharge remains 

relatively stable throughout the year, the component from irrigation returns are seasonally 

variable.  

Seasonal monitoring has shown the shallow freshwater and deeper brine systems 

to be relatively independent of one another.  Figure 8.a and 8.b show EFH contours of the 

brine system within the permeable channel gravels during the summer of 2003 and in 

March and May of 2004.   In the summer of 2003 (Figure 8.a), EFHs are higher toward 

the northwest and lower toward the southeast and appear to drop uniformly across the 

river.  This gradient is not steep; however, the pattern shows that deep ground water in 

these river gravels has the potential to move beneath the river.  Figure 8.b illustrates the 

dynamic nature of this hydraulic potential by showing the reversal of brine EFH gradients 

the following spring.  Although it is possible that the shift in brine hydraulic gradient 

occurs periodically due to seasonally changing driving forces, there are three reasons to 

believe that the brine hydraulic gradient was more often from the northwest during the 

recent past. First, the saturated tailings pile provided 80 feet of head as a driving force in 

that direction for decades during uranium mill operation.  Second, the DOE may have 

induced the gradient reversal when 20 groundwater remediation wells between the pile 

and the river began pumping in the fall of 2003.  Third, stable isotope data indicate that  
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Figure 8.a.  Equivalent freshwater hydraulic head (EFH) contours (meters above mean 
sea level) of brine system in August, 2003.



 

   

   
 

Figure 8.b.  Equivalent freshwater hydraulic head (EFH) contours (meters above mean sea level) of brine system in March and 
May, 2004.
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brine beneath the wetland was derived from recharge occurring north of the river 

(discussed later).  The stresses that influence the brine system and the time required for 

the system to respond are not well understood at this time. 

 

 

Sources of Groundwater to the Scott M. Matheson Wetland Preserve 

Mixing of variably dense waters is difficult to interpret physically and biological 

and chemical reactions in the wetland subsurface are certain to alter groundwater 

chemistry.  However, when considered together at this site, the geochemical labels of 

oxygen isotopes, tritium, helium isotopes and salinity illustrate that there are essentially 3 

water types and various mixtures between them present at the wetland.   

Isotopes of oxygen (δ18O), tritium (3H), and helium (R/Ra) are useful in 

distinguishing GCG from valley-fill aquifer water.  Isotopic values from three springs 

and two wells that discharge from the GCG aquifer were measured by Solomon (2002) 

and are listed in Table 2. 

 

Table 2.  Isotopic values measured in springs and wells of the Glen Canyon Group 
Aquifer near Moab, Utah. 
 

 
  

δ18O 
(permil) 3H (TU) R/Ra 

Pioneer Spring -14.3 0.3 0.985 
Moab City Spring 3 -14.6 0.72 0.811 
Lloyd Somerville Spring -14.3 0.4 0.68 
George White Well 4 -14.6 1.2 0.571 
George White Well 4 -14.5 1.7 0.656 

 

The isotopic geochemical signature of the GCG water is clear: δ18O is close to 

14.5 permil, 3H is always less than 2 TU, and R/Ra is always less than one.  These same 

isotopes along with TDS values are presented in Table 3 and Figure 9 for the three 

distinct water types found at the Matheson Preserve.   

Group 1 water is found in wells closest to the northeast canyon wall of the valley 

(nests N3 and N6) where springs of the GCG aquifer are known to discharge.  Oxygen 

isotope values are in the range of -14.5 to -15 permil, slightly more enriched than those in 
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GCG waters listed in Table 2.  Water in the group has 3H concentrations of less than 2 

TU, R/Ra values less than 1, and TDS values between about 2,000 and 4,000 mg/L.  This 

is somewhat saltier than expected for GCG water.  Steiger and Susong (1997) report 

 

 

Table 3.  Isotopic and TDS values from wells that delineate three types of groundwater 
found on the Matheson Wetland Preserve.  Minimum and maximum values are reported 
for wells where multiple measurements were made over the two year period from autumn 
of 2002 to spring 2004. 
 

Group 1: Freshwater of the GCG aquifer 

  δ18O (permil) 3H (TU) R/Ra TDS (mg/L) 

  min max min max min max min max 

N3-4 -- -14.7 0.96 1.53 -- 0.49 3100 3870 
N3-8 -- -15.2 < 0.10 1.43 -- 0.93 2060 2440 
N6-A4 -- -- -- 0.88 -- 0.48 2370 3210 
N6-6 -- -14.9 0.88 1.38 0.39 0.40 2290 3170 
N6-9 -- -15.2 0.84 1.13 0.39 0.39 2810 3320 
         

Group 2: Freshwater of the valley-fill aquifer and irrigation return flows 

  δ18O (permil) 3H (TU) R/Ra TDS (mg/L) 
  min max min max min max min max 

N4-3 -- -14.1 -- 10.44 -- 1.67 284 730 
N4-6 -14.2 -14.7 6.47 17.54 0.93 1.32 421 718 
N4-12 -14.0 -14.5 10.46 13.29 1.01 1.79 334 636 
N5-4 -- -- -- -- -- 1.55 604 1022 
N5-7 -- -14.6 12.13 14.09 -- 1.15 636 1090 
N5-10 -- -14.5 9.16 11.69 -- 1.07 688 1140 
N5-14 -- -14.7 9.45 12.82 1.04 1.10 592 1030 
                  

Group 3: Deep brine 

  δ18O (permil) 3H (TU) R/Ra TDS (mg/L) 
  min max min max min max min max 

BL1-D -- -13.5 -- <0.1 -- 0.079 69400 104000 
BL2-M -- -13.5 -- <0.1 -- 0.074 92700 105000 
BL2-D -- -13.2 -- <0.1* -- 0.069 97100 109000 
BL3-D -- -13.1 -- <0.1* -- 0.065 107000 123000 

 
* Values estimated.  Attempts to analyze these water samples for 3H failed due an air leak in the Cu holding 
flask.  However, R/Ra values (from independent samplers) for both of these waters are < 0.1 suggesting 
that very little, if any, 3H is truly present.  As a result, the assumption is made that these waters are as low 
in 3H as other brines from this depth, i.e. < 0.1.  
 



 

 

Figure 9.  Isotopic and TDS values from wells that delineate three types of groundwater found on the Scott M. Matheson Wetland 
Preserve. Group 1 (Blue) represents freshwater of the GCG aquifer.  Group 2 (Yellow) represents freshwater of the valley-fill aquifer 
and irrigation return flows.  Group 3 (Red), represents deep brine.  Minimum (light color) and maximum (dark color) values are 
reported for wells where multiple measurements were made over the two year period from autumn of 2002 to spring 2004.
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specific conductivity values of less than 1,000 µS/cm for 28 wells and springs in the 

regional GCG aquifer.  However, highly fractured rock exists along the boundary of the 

salt collapse valley where the GCG and the valley-fill aquifers meet.  Glen Canyon 

Group water could acquire salt as it passes through isolated outcrops of the Paradox 

formation that exist along the northeast margin of the valley near Moab (Doelling, 2002).  

Group 2 water has δ18O values in the range of -14 to -15 permil indicating high 

elevation precipitation.  It is also the freshest groundwater found on the preserve with 

about 200 to1200 mg/L TDS.  Water in this group contains substantial 3H (6.5 to 17.5 

TU) with corresponding helium isotope ratios, R/Ra > 1. Moderate to high 3H suggest that 

Group 2 groundwater is water is young and sourced from within Spanish Valley; either as 

water from the valley-fill aquifer or as local irrigation return flows. 

  Wells chosen to represent Group 3 water are all brine with a TDS values of more 

than 100,000 mg/L (at least in certain times of the year), very low 3H and R/Ra of less 

than 0.1.  Oxygen isotopes of these deep brines are more enriched (δ18O  = -13 to -13.5).   

With these end-member water types defined, groundwater in all other wells across 

the wetland can be explained as mixtures of water from Group 1 – GCG water, Group 2 – 

valley-fill and irrigation return water, and Group 3 – deep brine.  Figures 10.a through 

10.d illustrate these mixtures by grouping waters together between a set of end-member 

groups to show the intermediate values of the four constituents considered (3H, δ18O, 

R/Ra, and TDS).  Refer to Figure 2 for well locations. 

 Water in the vicinity of the N2 and N9 well nests, near the northwest edge of the 

large pond, appears to be a mixture of Group 1 and Group 2 waters. Figure 10.a shows 

minimum and maximum values of the four tracers for samples from these wells in green 

compared to Group 1 (blue) and Group 2 (yellow) waters.  Values of TDS, 3H, R/Ra, and 

δ18O are intermediate between the two Groups. 

 Samples of the four tracers collected throughout most of the cent ral and southern 

portion of the wetland indicate that water above the brine in these areas is a mixture of 

Group 2 waters with brine of Group 3.  In the north-central section, near BL1, these two



 

 

Figure 10.a.   Values of 3H, δ18O, R/Ra, and TDS in water from the N2 and N9 well nests (green) compared to Group 1 (blue) and 
Group 2 (yellow) source waters.   



 

 

Figure 10.b.  Values of 3H, δ18O, R/Ra, and TDS in water from the N7, N11, W1 well nests and shallow wells at BL1, BL2, and BL3 
(orange) compared to Group 2 (yellow) and Group 3 (red) source waters.   



 

 

Figure 10.c.  Values of 3H, δ18O, R/Ra, and TDS in water from the N8 and M11 well nests (orange) compared to Group 2 (yellow) and 
Group 3 (red) source waters.   



 

 

Figure 10.d.  Values of 3H, δ18O, R/Ra, and TDS in water from the CR1-3 well (purple) compared to Group 1 (blue) and Group 3 (red) 
source waters.  
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waters appear to be mixed to a depth of more than 30 m (BL1-M).  Farther south and 

closer to the river this mixed water above the brine is found at shallower depths, from 

about 17 m near BL2 to around 10 m at N7.  Figure 10.b shows minimum and maximum 

values of the four tracers for samples from wells at N7, N11, W1, and shallow wells from 

BL1,BL2, and BL3 in orange compared to Group 2 (yellow) and Group 3 (red) waters.   

Figure 10.c is similar to 10.b in that it displays mixtures of waters from Group 2 

and Group 3 with the significant difference being the δ18O values.  Water from the N8 

and M11 wells are down gradient of the central pond and an area of shallow marsh that is 

flooded and dries up seasonally.  Oxygen isotopes in these waters are the most enriched 

of any on the preserve.  This suggests that water at N8 is essentially shallow Group 2 

water that has spent enough time in the central pond to have undergone substantial 

evaporation.  Shallow water in the M11 nest, although less enriched, is similar in 

character to water from N8 but appears to be noticeably influenced by the underlying 

brine.  This well nest is close to the river on the southern half of the preserve where brine 

encroachment occurs at shallower depths.  As an example, water in well M11-14 is 

generally between 35,000 and 50,000 in TDS. 

 Well nest CR1 is located directly on the east bank of the Colorado River in the 

only place where Group 1 (GCG ) and Group 3 (brine) waters are seen mixing.  Figure 

10.d shows that samples collected from CR1-3 (only 2 m beneath the river bed) are 

similar to the brine in their TDS and R/Ra values, but closer to Group 1 water in 3H and 

intermediate in δ18O.   It is clear that freshwater beneath the wetland exists as a shallow 

lens perched on top of old brine.  Figures 4.7 is a conceptual box model summarizing 

how different sources of water move and mix across the site.
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Figure 11.  Conceptual summary of wetland hydrology.  Shallow fresh groundwater generally moves 
from east to west (perpendicular to potentiometric contours) toward the Colorado River.  Group 1 
water enters the wetland from the northeast and mixes with Group 2 water in the northern portion of 
the preserve.  Shallow Group 2 water discharges into wetland ponds where it is evaporatively 
concentrated, re-enters the shallow aquifer, and moves toward the Colorado River.  Fresh 
groundwater from Group 1 and 2 mix with Group 3 brine near the river gravel contact and this 
mixing becomes shallower toward the river.  Brine movement is oblique to the figure and has been 
observed to change direction 
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Hydrologic connection between the Scott M. Matheson Wetland Preserve and the Moab Mill 
Tailings 
 
 Under many common hydrologic conditions, a major river would act as a groundwater 

divide (i.e. flows from both sides would converge and discharge into the river).  However, the 

spatial distribution of uranium (U) and ammonia (NH3) found by the DOE (2003) in wells on the 

Matheson preserve suggest that a pathway exists for groundwater to pass beneath the Colorado 

River (Figure 12).  Although the concentrations of both contaminants are considerably lower in 

groundwater at the wetland than in groundwater at the mill tailings, the highest concentrations of 

both are generally found close to the river near the depth of the permeable channel gravels.  

Furthermore, investigation of subsurface lithology and groundwater conditions across the 

Colorado River corroborate the evidence of this pathway. 

Borehole logs from the BL wells drilled during the summer of 2003 were used in 

conjunction with logs from boreholes at the mill site (DOE, 2002) to determine that a continuous 

deposit of high-permeability gravels exists beneath the entire area that is more than 1.5 km wide 

in the center of the valley (Figure 4) and reaches a maximum thickness of more than 122 m in 

the ATP-1 borehole on the mill tailings property (Doelling, 2002).  The top of the gravels is at 

1200 to 1204 m elevation across the site, beneath an average of 5.5 m of silty, low-permeability 

overbank deposits.    

While shallow groundwater on both sides of the Colorado River is relatively fresh with 

TDS values around 1,000 to 3,000 mg/L, the gravel deposit is saturated with dense brine having 

TDS values as high as 110,000 mg/L.  High dissolved helium concentrations and essentially no 

tritium are found throughout the deep brine suggesting it is from the same source.  Shallow fresh 

ground water and shallow brine on the Matheson preserve have δ18O values around -15 to -14 

permil indicating high elevation source waters.  Fresh waters and brines from the mill tailings 

side of the river tend to have δ18O values around -13 to -12 permil signifying source waters from 

a lower elevation.  Isotopic signatures of deep ground water flowing toward the river do not 

indicate that the river is a distinct hydrologic divide.  Rather, brine beneath the wetland is 

enriched in the heavy isotopes relative to the overlying fresh groundwater signifying that the 

source of the brine beneath the wetland is low elevation precipitation that recharged the aquifer 

on the northwest side of the river (Figure 13.a and 13.b). 



 

 

   
 
Figure 12.  Ammonia and Uranium concentrations in groundwater across the Moab Mill site and the Scott M. Matheson Wetland 
Preserve during the summer of 2003.  Values shown are the maximum concentration at each well nest.



 

 

 

Figure 13.a.  Cross section A-A’ showing δ18O values of surface water and groundwater displayed at sampling points in the 
subsurface during the summer of 2003.
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Figure 13.b.  Cross section B-B’ showing δ18O values of surface water and groundwater 
displayed at sampling points in the subsurface during the summer of 2003.
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Equivalent freshwater hydraulic heads from both sides of the river show that the 

horizontal direction of shallow fresh groundwater is generally toward the river, but that 

movement of the brines within the channel gravels was more southeasterly during the summer of 

2003.  Uranium concentrations in the highly contaminated SMI wells near the mill tailings 

ranged from 1,280 to 3,940 µg/L.  Elsewhere, levels spanned a range from < 0.3 to 111 µg/L.    

Although its subsurface transport behavior is complex, uranium is generally insoluble at non-

extreme pH values under reducing conditions (Drever, 1997).  Thus, higher concentrations are 

not expected beneath the wetland.  Despite levels of uranium that are orders of magnitude lower 

than in source waters beneath the mill tailings, the spatial distribution of uranium concentrations 

coupled with the apparent direction of brine movement suggests that uranium found in wells near 

the river on the wetland preserve (between 5.5 and 111 µg/L) are derived from the Moab mill 

tailings site (Figure 14).  For contaminants to have traveled beneath the river in the high-

permeability gravel deposit, contaminated uranium mill process waters, which are also high in 

TDS, would have to have penetrated the fresh water brine interface.  High tritium concentrations 

in waters of the SMI-PZ1 well nest decrease with depth and are evidence that this highly 

contaminated water  is relatively modern (< 50 years) and has penetrated the brine (Figure 15).   

  There exists a clear boundary below which brine has a relatively constant 4He 

concentration of around 4x10–6 to 5x10– 6 cc STP/g.  This line appears to mark a significant 

lower limit in the actively mixed portion of the aquifer below which waters are relative ly 

homogeneous.  Beneath the mill tailings and extending beneath portions of the river, this 

boundary appears to have been depressed (Figure 16).  Aerial photographs of the mill site show 

that the 20 m high tailings pile, while in operation, was saturated much of the time.  It seems 

likely that a high hydraulic head on the tailings pile forced the downward movement of 

groundwater that diluted the high 4He in this area.   

It remains uncertain whether the passage of fluids beneath the river through highly 

conductive channel deposits is ongoing or a response to discontinuous driving forces (seasonal or 

otherwise).  Regardless, the distribution of contaminants and geochemical tracers measured 

during this study indicate that fluids have, at some point, migrated from north to south beneath 

the Colorado River.
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Figure 14.  Maximum uranium concentrations in groundwater and brine-system EFH contours 
across the Moab mill site and the Scott M. Matheson Wetland Preserve during the summer of 
2003. 
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      Figure 15.  Cross section A-A’ showing tritium values of surface water and groundwater during the summer of 2003  
      displayed at sampling points in the subsurface. Notice high 3H values in groundwater of the SMI-PZ1 well nest indicating that  
      contaminated water beneath the mill tailings has penetrated the freshwater-brine interface and moved into the channel gravels.    
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Figure 16.  Cross section A-A’ showing total dissolved helium-4 concentrations in groundwater measured during the summer 
of 2003.
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Although it does appear that ground water passes beneath the Colorado River in 

the channel gravel deposits, there is no doubt that a substantial fraction of the 

groundwater does discharge directly into the river.  Lambs (2003) has utilized oxygen 

isotopes to demonstrate that discharge of groundwater into rivers is localized along the 

banks at a few places and not diffuse on a large scale.  In all probability, areas where the 

silt layer is thick enough to isolate the river from the underlying channel gravels are the 

areas where ground water has the potential to pass beneath the river.  During annual peak 

flows and other flood events, the silt in the main channel could be scoured down to the 

top of the gravel deposit creating conductive pathways for ground water to discharge 

directly into the river. 

 

 

Water Budget for the Scott M. Matheson Wetland Preserve  

With sources of wetland water defined, a budget of estimated gains and losses can 

assist the Nature Conservancy and UDWR with the planning of future water related 

management strategies.  This water budget also has implications on a valley-wide scale 

since the wetland covers the downstream boundary of the valley-fill aquifer. 

Evapotranspiration (ET) rates for the entire area of the wetland were calculated by 

Erin Crowley to be about 3,200 acre-ft/yr (see Appendix II).  This was accomplished by 

dividing the wetland into separate vegetation zones with corresponding crop coefficients.  

The Penman-Monteith equation was then used with meteorological data for the entire 

year of 2003 to determine daily values of reference crop evapotranspiration (ETO, Figure 

17).  Multiplying the reference crop ETO for each day by the area and crop coefficient for 

each of the five vegetation zones and taking the sum resulted in the total ET for the year.  

Sumsion (1971) reports ET rates of about 3,000 acre-ft/yr for the wetland area which is in 

good agreement with the more recent estimate.  Furthermore, Pataki (2004) confirmed the 

ET rates for the cottonwood stands by directly measuring sap flow in a separate study 

pertaining to the health of cottonwood trees in the area (see Appendix III).  These high 

rates of ET are evident as the water table declines by more than a meter and a half in 

central portion of the wetland during late summer (Figure 18).  
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Skakel and Watercress Springs emerge from the GCG aquifer across Highway 

191 from the wetland.  Presently, most of the water from these springs enters the wetland 

in the surface water ponds north of well nest N5.  Sumsion (1971) and Christie (2003) 

report stable discharge flows of about 240 gallons per minute for Skakel Spring.   

 

 
Figure 17.  Reference crop evapotranspiration (ETO) for the Scott M. Matheson Wetland 
Preserve during the year 2003.  
 

 
Figure 18.  Elevation of water surface in the central pond on the Scott M. Matheson 
Wetland Preserve for periods of 2002, 2003, and 2004. 
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Christie (2003) has gauged the flow of water from Watercress Spring that enters 

these ponds through an 8- inch pipe and reports a discharge of about 30 gallons per 

minute.  Assuming all of the water from Skakel Spring feeds these surface water ponds or 

infiltrates as shallow groundwater, the combined contribution of these springs is about 

1,490 m3/ day or 440 acre-ft/yr.  

Jim Walker (2004)  and George Roberts of the Moab Irrigation Company mapped 

out the Mill Creek irrigation diversion and explained that unused water in two of the 

three diversion pipelines enters the wetland as surface water.  Flow records (Utah 

Division of Water Resources, 2004) for the years 1983-1999 were used to determine that 

an average of 10,990 m3/ day or 3,240 acre-ft/yr of surface water is diverted from Mill 

Creek into these pipelines.  The area of land irrigated by these diversions was estimated 

using aerial photographs with the help of Jim Walker (2004).  Annual ET was calculated 

to be 1,590 acre-ft/yr by multiplying the area of land irrigated by the reference crop ET 

(Figure 17) for each day in 2003 and summing these amounts for the year.  This 

difference leaves approximately 5,600 m3 / day or 1,650 acre-ft/yr of irrigation return 

water that enters the east-central portion of the wetland as surface water in ditches.   

Groundwater discharge (of freshwater) along this stretch of river was estimated 

with the knowledge that dense brine exists only a couple of meters below the water table.  

The assumption was made that discharge occurs along a cross section that is the length of 

the shore between canyon walls (4.4 km) and the depth of saturated sediments 

(generously 10 m).  The U.S. DOE (2002) performed pumping tests in the shallow 

sediments on the northwest side of the river and estimated that hydraulic conductivity 

ranged from 1.9x10-5 to 2.7x10-4 m/s.  Using these values of conductivity and a hydraulic 

gradient of 0.005, measured using the hydraulic head contour maps in the vicinity of BL3 

(Figure 7), estimates of discharge are between 361 and 5,132 m3/day which is equivalent 

to 106 to 1,512 acre-ft/yr.  The stable components of the wetland water budget, 

irrespective of the intermittent contribution of Colorado River floodwaters, are 

summarized in Table 4.   

The groundwater model of Downs and Kovacs (2000) has 13,000 acre-ft/yr of 

water coming mostly from the GCG aquifer and moving across the wetland to be 

consumed by ET or discharged to the Colorado River.  Subtracting wetland ET and 
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groundwater outflow from the known gains to the wetland (precipitation, springs, and 

irrigation return flows) yields an updated estimate for the groundwater entering the 

wetland of between 66 and 2,672 acre-ft/yr: that is between about 1 and 20 percent of the 

predicted 13,000 acre-ft/yr.  Although there is a modest amount of uncertainty in this 

estimate, increasing the outflows and reducing the spring discharge and irrigation inflows 

in Table 4 by 50 percent only increases the wetland groundwater inflow to 6,320 acre-

ft/yr.  Even within the limits of uncertainty, it seems that no more than about 49 percent 

of predicted the 13,000 acre-ft/yr of fresh groundwater enters the wetland and very little 

of it has the geochemical signature of GCG water.  The majority of inflow (ca. 9,500 

acre-ft/yr) in the Downs and Kovacs (2000) model is assumed to come from the GCG 

aquifer along the eastern margin of Spanish Valley.  Unless there is a considerable 

amount of GCG water that is discharging at an unknown location, it appears that the total 

flow from the GCG aquifer has been significantly overestimated.



 

 

  

 

 

 

 

Table 4.  Water budget for the Scott M. Matheson Wetland Preserve. 

INFLOW COMPONENTS  (acre-ft/year) Source Degree of Uncertainty 
Precipitation  450 Steiger and Susong, 1997 Low 
Major Spring Waters:     

Skakel   390 Christie, 2003; and Sumsion, 1971  Moderate 
Watercress  50 Christie, 2003;  

Mill Creek Irrigation Returns  1,650 Jim Walker, 2003 (with this study)   Moderate 
Groundwater  66 – 2,672 Balance of outflows - inflows  Moderate - High 
Total In  2,606 – 8,807   
 
 
     
OUTFLOW COMPONENTS     

Evapotranspiration  2,500 – 3,700 

Average from Crowley, 2004, App. E; and 
Sumsion, 1971,  

(3,100 acre-ft/yr, + or  – 20%) Moderate 
Groundwater  106 – 1,512 this study Moderate - High 
Total Out  2,606 – 8,807   
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Summary  

 The groundwater system at the Scott M. Matheson Wetland Preserve was 

monitored closely for a two year period in order to define source waters and to develop a 

conceptual model that describes patterns of flow.  Total dissolved solids measurements 

show that shallow, fresh groundwater overlies deeper brine across the site.  

Concentrations of dissolved helium-4 are two orders of magnitude above atmospheric 

solubility in the deep brine and delineate the lower boundary of effective mixing between 

brine and fresh groundwater.     

 Measurements of groundwater salinity, when examined with tritium 

concentrations, oxygen isotopes, and helium isotopes demonstrate that there are three 

distinct groups of water present at the wetland: (1) freshwater from the Glen Canyon 

Group Aquifer, (2) freshwater from the valley-fill aquifer and irrigation return flows, and 

(3) deep brine.  This collection of environmental tracers is also used to determine where 

distinct source waters are mixing.  Additionally, tritium-helium ages and noble gas 

recharge temperatures support the conclusion that most fresh water on the wetland is 

sourced from within Spanish Valley. 

 Equivalent freshwater hydraulic heads are compared to examine horizontal 

hydraulic gradients in the shallow freshwater system and in the brine.  Shallow, fresh 

groundwater always moves in a general east to west direction toward the Colorado River.  

Water levels in areas of Group 1 water, near the northeast canyon wall of Spanish Valley, 

remain relatively stable throughout the year.  Water table declines always occur in the 

summer months across the central portion of the wetland and are evidence that a 

substantial amount of Group 2 water is seasonally intercepted by pumping and consumed 

by evapotranspiration. 

 Deep brines beneath the wetland and the Moab mill tailings have stable isotopic 

signatures of meteoric precipitation.  Oxygen isotopes in groundwater beneath the 

wetland become more enriched with depth and are strong evidence that brine sourced 

from the opposite side of the Colorado River has migrated beneath the river in the high-

permeability channel gravels.  Equivalent freshwater hydraulic head gradients have been 

observed to reverse direction, but indicate that the potential exists for brine to underflow 

the Colorado River in channel gravel deposit.  Evidence of brine migration beneath the 
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river is further substantiated by the uranium distribution that is coincident with equivalent 

freshwater head gradients in brine during the summer of 2003. 

 The Scott M. Matheson Wetland Preserve is located at the low end of the Spanish 

Valley alluvial aquifer and has been noted as the discharge point for a mixture of Glen 

Canyon Group and valley-fill aquifer water.  The conceptual model developed in this 

study makes it possible to look at groundwater discharge to the Colorado River.  The 

saturated thickness of the shallow freshwater system along the shore of the Colorado 

River is less than 10 m and revised estimates of groundwater discharge indicate that 

much less water is moving into the wetland than previously thought.  Furthermore, very 

little of the wetland groundwater has the geochemical signature of water from the Glen 

Canyon Group aquifer. 

 Examination of the wetland water budget presented here shows that the largest 

sources contributing water to the wetland are (1) Mill Creek irrigation return flows (either 

as surface tail-waters or as shallow groundwater) and (2) groundwater of the alluvial 

aquifer.  Because water from these two sources is used primarily for irrigation, it seems 

likely that they will remain stable sources of water to the wetland in the near future.  

However, if water diverted from Mill Creek were used for purposes other than irrigation, 

its significant contribution to the wetland could be lowered.   Most municipal water used 

in and around Moab is sourced from the GCG aquifer.  As mentioned, water from the 

GCG aquifer does appear to enter the valley along the northeast wall and mix with water 

in the alluvial aquifer.  It then stands to reason that increased pressure on the GCG 

aquifer could result in somewhat reduced groundwater flow from the alluvial aquifer 

entering the wetland as well as reduced discharges from Skakel and Watercress springs. 
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Recommendations 

 Much has been learned about the complicated and dynamic nature of this 

hydrologic system.  While the areas of uncertainty have been narrowed, future focus on 

these areas could improve understanding and help tighten the water budget for the 

wetland as follows:   

 

- Installation of gauging devices to monitor the irrigation return flows would allow 

this important component of the water budget to be accurately measured. 

- Installation of more deep wells to the on the southern portion of the preserve 

might reveal groundwater with the geochemical signature of GCG water that was 

not found during this study. 

- Continued measurements of water levels in the existing network of monitoring 

wells would augment the existing data set that was used to examine the wetland’s 

response to seasonal stresses. 

 

Finally, a clear understanding of the connection between the alluvial- fill aquifer of 

Spanish Valley and the underlying brine system that extends beneath the Colorado River 

in the channel gravel deposit is important to the wetland as well as to the city of Moab. 

 

- Continued measurements of water levels and salinity in wells screened in the 

brine (on both sides of the river) are necessary in order to understand what 

stresses the brine system responds to and the time required for this response. 

- Determination of the southern extent of high permeability Colorado River channel 

gravels could be made by drilling and logging more deep wells to the on the 

southern portion of the preserve or by shallow geophysical investigation.  
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