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White Mesa

Dakota Sandstone/Burro Canyon 
Formation – Surficial Aquifer 

Aquifer in the
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Morrison Formation 

Brushy Basin Formation prevents the mixing of groundwater in the surficial aquifer with
groundwater in the underlying Morrison Formation 

Precipitation falling directly on the 
White Mesa is the only natural source 
of groundwater recharge. Artificial   
recharge may occur from unlined
ponds, reservoirs, and irrigated
agriculture in the area.
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EXPLANATION
Precipitation chemistry measured at the National Atmospheric 

Deposition Program/National Trends Network site in 
Canyonlands National Park, Utah

Projected evaporative concentration of precipitation
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Precipitation
Average pH is 5.2; average specific conductance is 7.2 µS/cm; calcium sulfate type water; 
undersaturated with respect to all minerals present in the White Mesa.

Bayless and Lyman wells, Oasis Spring, and Entrance Spring
Neutral pH; average specific conductance is 619–963 µS/cm; dissolved oxygen present; 
calcium bicarbonate sulfate type water; dissolution of calcite, sulfate, and perhaps dolomite 
are the major controls on water quality.

Mill Spring and Ruin Spring
Neutral pH; average specific conductance is 1,321–2,066 µS/cm; dissolved oxygen present; 
calcium sulfate bicarbonate water; dissolution of gypsum and cation exchange of Ca2+ for 
Na+ on the surface of kaolinite are the major controls on water quality.

Cow Camp Spring
Neutral pH; average specific conductance is 1,543 µS/cm; dissolved oxygen present; 
sodium calcium sulfate water; greater cation exchange than at Mill Spring and Ruin Spring 
and gypsum dissolution are the major controls on water quality.

East well
Neutral pH; average specific conductance is 624 µS/cm; dissolved oxygen present; sodium 
bicarbonate type water; greater cation exchange than at Cow Camp Spring and calcite 
dissolution are the major controls on water quality.

North and South wells
Neutral pH; average specific conductance is 409–467 µS/cm; dissolved oxygen absent; 
sodium bicarbonate type water; dissolution of calcite is the major control on water quality.
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EXPLANATION
Maximum contaminant level (U.S. Environmental Protection 

Agency, 2009)
Maximum contaminant level goal (U.S. Environmental 

Protection Agency, 2009)
Concentration of individual sample (insufficient data for box 

plot)
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EXPLANATION
Maximum contaminant level (U.S. Environmental Protection 

Agency, 2009)
Maximum contaminant level goal (U.S. Environmental 

Protection Agency, 2009)
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plot)
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Median NURE n=627
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Indications of offsite 
contaminant migration?  

Yes No 

δ18 O and δD

Indications of offsite
contaminant migration?  

Yes No 

Noble gases and 3H

Water samples from 
Entrance Spring are 
contained in the sample 
grouping (group 3) that 
contain the most 
isotopically enriched 
water.  Water samples 
from Entrance Spring are 
similar in isotopic 
composition to water 
from Recapture 
Reservoir, which is the 
primary water source for 
ore processing and 
facilities within the mill 
site. Isotopic mixing lines 
indicate that evaporated 
facilities water from the 
mill site has influenced 
the isotopic composition 
of water discharging from 
Entrance Spring.

Water samples from wells 
completed in the Navajo 
Sandstone plot along the 
global meteoric water line 
and have similar δ18O and 
δD values as snow in the 
Abajo Mountians, 
indicating a recharge 
elevation higher than the 
mill site. The majority of 
water samples surrounding 
the mill site plot close to 
the arid zone meteoric 
water line and indicate a 
localized, lower elevation 
recharge source with little 
evaporation or recharge of 
water used within the mill 
site. 

The “modern day” 
apparent age indicated for 
water from Entrance 
Spring indicates a 
localized and likely 
induced flowpath from 
artificial recharge to the 
aquifer. One potential 
source for this artificial 
recharge is infiltrating 
water from the unlined 
wildlife refuge ponds 
located to the northeast of 
the mill site. Hurst and 
Solomon (2008) found 
measurable levels of 3H in 
monitoring wells 
surrounding the wildlife 
refuge ponds, likely due to 
infiltrating water from the 
wildlife ponds on mill 
property. 

Wells completed in the 
Navajo Sandstone 
aquifer have low 
recharge temperatures, 
indicating recharge from 
higher elevation areas 
than White Mesa. 
Apparent ages for well 
and spring samples 
range from recent to 
very old, as indicated by 
the presence of elevated 
4Heterr.

Indications of offsite 
contaminant migration?  

Yes No 

δ34 Ssulfate and δ18Osulfate

Indications of offsite
contaminant migration?  

Yes No 

U isotopes

As a result of evapora-
tion, samples from the
tailings cells were found
to be enriched in
δ18Osulfate relative to
other water samples on
the mill property. The
use of sulfuric acid
during ore processing
results in relatively
consistent δ34Ssulfate
values ranging from 
-1.04 to -0.89 permil.
Similarities in the
δ34Ssulfate values in water
samples from the
wildlife ponds and
tailings cells indicate a
potential contaminant
linkage originating from
the tailings cells (Hurst
and Solomon, 2008).

To date (2010), the
δ34Ssulfate or δ18Osulfate
values measured in
wells and springs
surrounding the White
Mesa mill site do not
have an isotopic
signature characteristic
of the tailings cells.
Because the wildlife 
ponds are actively 
leaking (Hurst and 
Solomon, 2008), it is 
likely that future 
groundwater samples 
from the surficial aquifer 
at sites within and 
adjacent to the mill site 
could exhibit decreasing 
δ34Ssulfate values 
indicative of leakage 
from the tailings cells 
and/or the wildlife
ponds.

The 234U/238U activity ratio values 
for water-quality samples collected 
at Entrance Spring and the 
decrease in this ratio concomitant 
with an increase in the concentra-
tion of dissolved uranium indicate 
that small sized particles are being 
blown off the ore storage pads, 
deposited in the Entrance Spring 
drainage, and dissolve in the 
groundwater. This occurs by one 
of two, or both, mechanisms: the 
particles can be deposited directly 
into Entrance Spring downstream 
from where it flows out of the 
Dakota Sandstone, and dissolves 
directly in the spring water as it 
flows across the ground, or the 
particles can be deposited on the 
surface of the soil adjacent to 
Entrance Spring and dissolve in 
and/or be deposited into Entrance 
Spring by precipitation that runs 
off the soil surface and enters 
Entrance Spring.

The 234U/238U and 
235U/238U activity ratio 
values at all other 
sampling sites are 
indicative of natural 
sources of uranium and 
are not evidence of 
offsite migration of 
uranium.
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Indications of offsite 
contaminant migration?

Yes No 

Trace-element data

Indications of offsite
contaminant migration?

Yes No 

Geochemical modeling

Water samples from 
Entrance Spring had the 
highest median uranium 
concentration (26 µg/L, 
n = 8) compared to 
water samples collected 
from the other wells and 
springs monitored 
during the study. Water 
samples collected from 
Entrance Spring also 
contained elevated 
concentrations of 
selenium and vanadium. 
Both elements are 
commonly associated 
with uranium deposits. 
The occurrence of these 
elements in water 
samples from Entrance 
Spring may indicate 
contaminant migration 
from within the mill 
boundaries.

With the exception of 
arsenic, thallium, and 
uranium, the concentra-
tion of most trace 
elements in water 
samples collected during 
the study were below 
both the maximum 
contaminant levels and 
maximum contaminant 
level goals established 
by the U.S. Environmen-
tal Protection Agency.

The presence of 
dissolved oxygen and the 
dissolution of calcite, 
resulting in groundwater 
with a neutral pH and a 
high concentration of 
bicarbonate, enhances 
the mobility of uranium 
in solution because
1) Groundwater is 
extremely undersaturated 
with respect to common
uranium bearing 
minerals and
2) The formation of 
uranyl carbonate and 
phosphate complexes 
limit adsorption of 
uranium to kaolinite and 
iron oxides.

Although the
groundwater in the
Dakota Sandstone/
Burro Canyon
Formation aquifer
enhances the mobility
of uranium in
groundwater, there is no
evidence of offsite
migration of uranium at
any site with the
possible exception of
Entrance Spring.

Indications of offsite 
contaminant migration?

Yes No 

Sediment data

Indications of offsite
contaminant migration?  

Yes No 

Plant tissue data

Sediment samples with 
U concentration 
exceeding background 
cluster in the three 
ephemeral drainages 
east of the eastern mill 
boundary, which is 
downwind from the 
uncovered ore materials 
that are stockpiled at the 
mill. Principal 
component analysis of 
the multi-element 
sediment data resulted in 
a subset of samples with 
elevated ore-migration 
factor scores. The 
locations of the samples 
with high ore-migration 
scores are located in the 
ephemeral drainages 
directly east of the mill 
site.

With the exception of 
one sample, samples 
collected from 
ephemeral drainages on 
the south and west 
boundaries of the mill 
site do not exceed 
background uranium 
concentrations.

Elevated concentrations 
of uranium and 
vanadium were found in 
sagebrush samples 
collected 
north-northeast, east, 
and south of the mill 
site, indicating offsite 
transport in the wind 
directions with the 
highest frequency and 
velocities. The uranium 
and vanadium 
concentrations in plant 
samples collected west 
of the mill site were low. 
Both of these elements 
are elevated in ore 
material transported to 
the mill site for 
processing.

Chemical analyses of 
the outer 2 cm of tree 
cores collected from 
five spring sites near the 
mill site all contained 
uranium concentrations 
below the lower 
reporting limit of 0.1 
µg/g (dry weight).
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