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Executive Summary 
 
The Monticello Mill Tailings Site (MMTS) Operable Unit (OU) III Annual Groundwater Report 
documents remedial system performance and alluvial aquifer restoration progress for the period 
of May 2022 through April 2023. The MMTS and its companion site, the Monticello Vicinity 
Properties, are operated by the U.S. Department of Energy Office of Legacy Management as the 
Monticello, Utah, Disposal and Processing Sites. The OU III remedy is monitored natural 
attenuation and active remediation with institutional controls that restrict alluvial aquifer 
groundwater use in an area roughly corresponding to the footprint of the uranium plume. The 
active remediation component of the remedy focuses on the Area of Attainment (AOA), a 
portion of the alluvial aquifer having the highest uranium groundwater concentrations.  
 
Eight extraction wells, collectively referred to as the Groundwater Remedy Optimization (GRO) 
system, were installed in the AOA, and pumping started in 2015. Extracted water is piped to an 
evaporation pond for volume reduction. Because of a need to match extraction rates with pond 
evaporation rates and limits on the availability of groundwater, only a few of the extraction wells 
are operated at the same time. The cumulative pumping rate from the GRO system ranges 
between approximately 2 and 16 gallons per minute as a function of monthly pond evaporation 
rates. During this performance period the GRO system removed 1.5 million gallons of 
groundwater containing 8 pounds (lb) of uranium from the AOA. During the previous 
performance period from May 2021 to April 2022, the GRO system removed approximately 
3.6 million gallons of contaminated groundwater and 14 lb of uranium. Since system startup in 
2015, the GRO system has removed 29.1 million gallons of groundwater and 146 lb of uranium 
from the AOA. For comparison, an estimated 1400 lb of dissolved and solid-phase uranium are 
calculated to be remaining in the AOA. AOA uranium groundwater concentrations have been 
reduced from a maximum of 1400 micrograms per liter (µg/L) at GRO startup (January 2015) to 
a maximum of 880 µg/L in April 2023. The decline in AOA uranium concentration is primarily 
attributable to operation of the GRO system.  
 
While AOA uranium concentrations are expected to decline in response to pumping, the decline 
will be punctuated by periodic increases in uranium concentrations in response to rising water 
tables or recharge, caused primarily by snowmelt events. Rising water tables or recharge may 
dissolve solid-phase uranium stored in the vadose zone. Additionally, infiltrating snowmelt 
dissolves uranium from the margins of the former mill site and a supplemental standard area 
located outside the OU III plume footprint, and the uranium-containing water flows on the top of 
bedrock and delivers uranium to the margins of the alluvial aquifer. 
 
Bulk plume metrics, including mass, volume, and average concentration, were estimated locally 
for the AOA and for the OU III uranium plume as a whole. Comparison of 2008 and 2023 bulk 
uranium plume metrics shows continual improvement of OU III alluvial aquifer groundwater 
quality resulting primarily from natural attenuation. The OU III uranium plume mass 
decreased from a maximum of 66 lb in spring 2008 to 37 lb in April 2023. The OU III uranium 
plume volume has fluctuated between a minimum of 13.7 million gallons and a maximum of 
27.6 million gallons from 2001 to 2023, with an average volume near 20 million gallons. The 
OU III uranium plume average concentration declined from approximately 300 µg/L in 2008 to 
160 µg/L by April 2023. Although GRO system operation reduced AOA uranium groundwater 
concentrations, concentration reductions can be reversed as a function of changing 
meteorological conditions. The AOA uranium plume mass decreased from a maximum of 9.7 lb 
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in 2014 to a minimum of 2 lb in 2018. Since spring 2019, the AOA uranium plume mass has 
generally been dominated by seasonal variations ranging from springtime highs up to 7.0 lb to 
summertime lows as low as 3.5 lb. 
 
Other contaminants of concern (COCs) in the alluvial aquifer include arsenic, manganese, 
molybdenum, nitrate, selenium, and vanadium. These contaminants are present in alluvial 
groundwater at concentrations exceeding their respective remediation goals, but these 
exceedances are not as widely distributed as those of uranium. 
 
May 2016 through April 2023 Burro Canyon Formation water quality results are all below the 
OU III groundwater remediation goals, with the exception of arsenic (358 µg/L in October 2021) 
and manganese (891 µg/L in October 2021) in monitoring well 31NE93-205. The 2021 
measured arsenic and manganese concentrations are consistent with historical concentrations.  
 
Uranium concentrations in the portion of Montezuma Creek within the former mill site remain 
below the surface water remediation goal and have decreasing trends. Downstream of the 
groundwater plume, where the plume has discharged to Montezuma Creek, uranium 
concentrations in the creek exceeded the surface water remediation goal during the performance 
period and have stable trends. Nonroutine surface water samples collected more than 5 miles 
downstream of the creek monitoring network (beyond steep canyon terrain that limits access to 
the creek) were collected in October 2022. The nonroutine creek sampling results were all less 
than the surface water remediation goal for uranium. Other than uranium, surface water COCs 
include arsenic, selenium, and nitrate. Concentrations of these other surface water COCs were 
below remediation goals in Montezuma Creek. 
 
Six of the seven seep locations within OU III have declining or stable uranium concentration 
trends. An increasing uranium concentration trend was identified at Seep 6. The source of the 
Seep 6 uranium is believed to be tailings-contaminated soil used in a municipal water utility 
corridor that contains sanitary sewer and secondary water lines. Arsenic, nitrate, and selenium 
concentrations exceeded remediation goals at Seep 3 and Seep 6. One of the seven seeps was dry 
during the sampling events completed during this performance period. 
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1.0 Introduction 
 
This report provides the annual analysis (May 2022–April 2023) of water quality restoration for 
Operable Unit (OU) III at the Monticello Mill Tailings Site (MMTS). The MMTS and its 
companion site, the Monticello Vicinity Properties, are operated by the U.S. Department of 
Energy (DOE) Office of Legacy Management (LM) as the Monticello, Utah, Disposal and 
Processing Sites. The MMTS is a Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) National Priorities List site in and near the city of Monticello, San Juan 
County, Utah (Figure 1). Groundwater and surface water at the MMTS are designated as OU III, 
with water quality restoration managed by LM. 
 
The focus of the Annual Groundwater Report is OU III water quality restoration. Recent study 
findings separate from Annual Groundwater Report evaluations are reported when relevant. 
Information related to site history, compliance strategies, hydrogeology, and remedial activities 
is provided as summaries. Details related to OU III can be found in the documents referenced 
throughout the report.  
 
In addition, the Annual Groundwater Report focuses on alluvial aquifer uranium groundwater 
and surface water concentration trends within OU III. Uranium is the most widely distributed 
OU III groundwater contaminant, is confined to the alluvial aquifer and Montezuma Creek, and 
is the primary contributor to potential risk to human health. Although other OU III alluvial 
aquifer contaminants of concern (COCs) were not extensively evaluated, trend graphs and 
summary tables for those constituents can be found in Appendix A. 
 
COCs are largely absent from bedrock monitoring wells, and water quality results for these wells 
are not discussed in this report—this report focuses on uranium within the alluvial aquifer. 
Appendix B presents bedrock monitoring well COC trend graphs. Appendix C contains surface 
water and seep COC (absent uranium, which is discussed in the report) trend graphs. 
 
1.1 Site History 
 
From 1941 to 1960, a uranium and vanadium mill operated at the MMTS. The majority of 
groundwater contamination occurred during that time, primarily from infiltration of tailings 
fluids through the bottom of four unlined tailings impoundments (DOE 1998a). The mill closed 
in 1960, and the site remained idle until surface remediation began in 1990 in response to the 
MMTS being placed on the CERCLA National Priorities List in 1989. From 1992 to 1999, 
mill tailings and tailings-contaminated surface soils were collected from the MMTS (OU I) and 
peripheral properties (OU II) and encapsulated in an engineered disposal cell on DOE property 
(Figure 2). OU III sediment, groundwater, and surface water were characterized concurrently 
with tailings removal. In 1999, a permeable reactive barrier (PRB) was installed to passively 
treat uranium and vanadium groundwater contamination (Figure 2) (DOE 1998b). A 
pump-and-treat program was implemented in 2005, and the system was expanded in 2014 
(DOE 2008; DOE 2014). The original OU III remedy (2004) was monitored natural attenuation 
(MNA) with institutional controls (ICs) prohibiting alluvial aquifer groundwater use within an 
area roughly corresponding to the footprint of the uranium plume, which is contained wholly 
within the OU III boundary and includes the Area of Attainment (AOA) (DOE 2004a). In 2009, 
to improve aquifer restoration progress, the remedy was changed to MNA and active remediation 
combined with the same ICs (DOE 2009a). Section 1.3 provides additional details about OU III 
groundwater remedial activities. 
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Figure 1. Location of the Monticello Mill Tailings Site 
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Figure 2. Monticello Mill Tailings Site Features 
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1.2 Hydrologic Setting 
 
Because groundwater contamination is limited to the alluvial aquifer, the lateral extent of the 
MMTS hydrologic domain is based on the hydrologic extent of the alluvial aquifer and the 
distribution of mill-related groundwater contamination (Figure 3). The alluvial aquifer is 
bounded to the north and south by increasing bedrock elevations, which cause the unconsolidated 
silts, sands, and gravels composing the aquifer to pinch out. Because mill-related groundwater 
contamination is absent west of U.S. Highway 191, the western boundary of the MMTS 
terminates at the highway. To the east, the MMTS hydrologic domain terminates where the 
Morrison Formation subcrops, downgradient of the area where contaminated alluvial aquifer 
groundwater discharges to Montezuma Creek upon being displaced by clean Burro Canyon 
Formation groundwater. 
 
The alluvial aquifer within the MMTS hydrologic domain comprises 10–15 feet (ft) of 
unconsolidated silts, sands, and gravels. In general, the alluvial aquifer consists of an average of 
3–4 ft of sand or gravel overlain by silt extending to ground surface (Figure 3). AOA pumping 
test results indicate that the sand or gravel layer is semiconfined when groundwater levels extend 
above the sand or gravel and silt contact (DOE 2019a). Groundwater moves downward from the 
overlying silt into the underlying sand or gravel primarily during colder periods following 
recharge events and upward during the growing season in response to evapotranspiration. Within 
the sand or gravel, groundwater flow is mostly horizontal from west to east, mimicking declining 
surface topography.  
 
The alluvial aquifer is underlain by the Mancos Shale, Dakota Sandstone, Burro Canyon, and 
Morrison Formations (Figure 3). The Mancos Shale is not shown in Figure 3 because it is 
completely eroded away below the aquifer within the valley except to the west of the former mill 
site. The Dakota Sandstone forms an aquitard beneath the alluvial aquifer until about 0.6 mile 
downgradient of the former mill site. There, the formation is absent due to erosion in the 
Montezuma Creek valley. This exposes the permeable Burro Canyon Formation, a regional water 
supply aquifer, allowing direct hydraulic communication with the alluvial aquifer. Burro Canyon 
sandstone is underlain by low-permeability mudstones of the Morrison Formation, which 
subcrop approximately 2 miles east of the MMTS due to erosion in the creek valley.  
 
Due to the low hydraulic conductivity of the Dakota Sandstone, there is minimal hydraulic 
connection between the Dakota Sandstone and the overlying alluvial aquifer. At some locations 
within the MMTS hydrologic domain, lithologic logs describe the Dakota Sandstone as being 
dry. An upward hydraulic gradient develops between the Burro Canyon Formation and the 
alluvial aquifer 500–2000 ft downgradient of the eastern limit of the Dakota Sandstone in the 
Montezuma Creek valley. 
 
Montezuma Creek extends the entire length of the MMTS hydrologic domain (Figure 3). Flow in 
Montezuma Creek is highly variable depending on the season and irrigation returns. During 
summer months it is not unusual for the creek to be dry over extended lengths. Portions of 
Montezuma Creek that remain wet during summer months are locations where groundwater 
discharges to the creek. When creek levels rise in response to precipitation events or irrigation 
returns, the creek recharges the alluvial aquifer in the area of the former mill site (DOE 2004b).  
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Figure 3. MMTS Hydrogeologic Conceptual Site Model 
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In the spring following big snow years, creek levels rise enough to recharge the alluvial aquifer 
throughout OU III. Because the high creek levels temporarily prevent groundwater discharge to 
the creek, alluvial aquifer groundwater elevations rise everywhere within OU III, a condition, 
because of storage, that remains for months after creek levels decline. 
 
Precipitation recharge occurs across the entire MMTS hydrologic domain (Figure 3). Infiltration 
of irrigation water on agricultural land east of the former mill site adds additional water to 
the MMTS hydrologic domain during the growing season. Lateral inflow associated with 
precipitation runoff from the surrounding higher elevations also contributes water to the MMTS 
hydrologic domain. Evapotranspiration removes water from the hydrologic domain, primarily 
during the summer growing season when plant activity is at a maximum. The water removed by 
evapotranspiration is a combination of groundwater and percolated precipitation and irrigation 
water that has yet to reach the water table.  
 
1.3 Site Remediation, Compliance Strategy, and Water Quality Monitoring 
 
Groundwater and surface water quality characterization performed in the 1990s identified COCs 
at the MMTS. In 2004, based on evaluations of COC migration and attenuation potentials, 
groundwater remedial undertakings, risk assessment, groundwater flow and transport modeling, 
and COC trend evaluations, MNA with ICs prohibiting alluvial aquifer groundwater use within 
an area roughly corresponding to the uranium plume footprint was selected as the remedy 
(DOE 2004a). In 2009, the remedy was modified to include active remediation (DOE 2009a). 
Groundwater and surface water quality sampling is routinely performed to assess COC 
concentration trends and remedy performance.  
 
1.3.1 COCs and Remedial Goals 
 
Surface water and groundwater sampling conducted during characterization activities identified 
arsenic, manganese, molybdenum, nitrate, selenium, uranium, vanadium, and gross alpha and 
gross beta activity as OU III COCs (DOE 2004a). Table 1 lists the remediation goals for these 
constituents in groundwater and surface water. 
 

Table 1. OU III COCs and Groundwater and Surface Water Remediation Goals
 

COCa OU III Groundwater 
Remediation Goalsa 

Surface Water 
Remediation Goalsa,b 

Arsenic 10 µg/Lc 10 µg/L 
Manganese 880 µg/Ld -- 
Molybdenum 100 µg/Le -- 
Nitrate (as nitrogen) 10,000 µg/Lc 4000 µg/L 
Selenium 50 µg/Lc 5 µg/L 
Uranium—metal toxicity 30 µg/Lc -- 
Vanadium 330 µg/Ld -- 



 
 

Table 1. OU III COCs and Groundwater and Surface Water Remediation Goals (continued) 
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COCa OU III Groundwater 
Remediation Goalsa 

Surface Water 
Remediation Goalsa,b 

Uranium-234 plus 
Uranium-238—radiological dose 30 pCi/Le 30 pCi/Lb 

Gross alpha activity 15 pCi/Lc,f 15 pCi/Lg 
Notes: 
--No goal 
a From DOE (2004a). 
b State of Utah’s standard for surface water; Utah’s uranium standard postdates the OU III Record of 
Decision (DOE 2004a). 

c U.S. Environmental Protection Agency’s (EPA) maximum contaminant level in the Safe Drinking Water Act. 
d Based on OU III human health risk assessment. 
e EPA’s maximum concentration limit established for the Uranium Mill Tailings Remedial Action Project. 
f Excluding uranium and radon. 
g Excluding uranium and radon for MMTS OU III. 
 
Abbreviations: 
µg/L = micrograms per liter 
pCi/L= picocuries per liter
 
 
1.3.2 Timeline 
 
Table 2 provides a timeline of MMTS remedial activities and when various compliance remedies 
were adopted. Note that neither the 1999 PRB installation nor the extraction well installed in 
2005 was a requirement of the original MNA with ICs remedy. OU III ICs prohibit alluvial 
aquifer groundwater use within an area roughly corresponding to the footprint of the uranium 
plume. The decision to change the remedy from MNA with ICs to MNA and active remediation 
was based on a 2007 evaluation (DOE 2007) that showed COC concentrations were not 
declining within OU III at the rate predicted by modeling. To increase uranium mass removal, 
eight extraction wells were installed and pumped in an area within OU III having the highest 
alluvial aquifer uranium concentrations (DOE 2014). Additional details related to remediation 
and compliance remedies can be found in the references listed in Table 2.  
 

Table 2. Summary of Site Remedial Activities and Compliance Remedies 
 

Activity Date References 
MMTS OU I and OU II remedial actions initiated. 1992 DOE 1990; DOE 2002a 
Surface remediation of mill site started. May 1997 DOE 2000; DOE 2001 

PRB treatability study started for OU III. June 1999 DOE 1998b; DOE 2002b; 
DOE 2006a; DOE 2006b 

Tailings removal completed from OU I and OU II. August 1999 DOE 2002a; DOE 2004b 
Mill site restoration completed (OU I). August 2001 DOE 2004b 
Record of Decision (ROD) for OU III signed. The ROD documented 
monitored natural attenuation and continued maintenance of ICs as 
the selected remedy for OU III. 

May 2004 DOE 2004a 

Ex situ groundwater treatment system installed as a treatability 
study for OU III. 2005 DOE 2008 

Ex situ groundwater treatment system expanded. 2007 DOE 2008 
Explanation of Significant Difference issued to implement a 
pump-and-treat contingency remedy for MMTS OU III. January 2009 DOE 2009a 

Groundwater remedy optimization system installed in the AOA. 2014 DOE 2014; DOE 2016 
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1.3.3 AOA Extraction Well Field, Monitoring Well Network, and Pumping Schedule 
 
In 2014, eight extraction wells, collectively referred to as the Groundwater Remedy Optimization 
(GRO) system, were installed upgradient of the PRB (Figure 4) to improve uranium mass 
removal rates from groundwater in a portion of the alluvial aquifer having the highest uranium 
concentrations and the greatest saturated thickness (i.e., in the AOA) (Figure 2). The concept 
behind the GRO system was that focused pumping in the AOA would increase uranium mass 
removal rates relative to ambient mass removal rates and lessen the time required to reach the 
OU III uranium groundwater remediation goal of 30 micrograms per liter (µg/L).  
 
In 2014, 16 monitoring wells (Figure 4) were installed in the AOA to monitor trends in 
groundwater levels and groundwater quality. Six additional monitoring wells were installed in 
2017 north of Montezuma Creek (Figure 4) to assess uranium groundwater concentration and 
groundwater elevation trends in an area that may or may not be influenced by GRO system 
operation. When Montezuma Creek is dry, it may be possible that groundwater in the area of the 
six monitoring wells flows under the creek and is captured by the GRO system. When 
Montezuma Creek levels are sufficiently high, the creek recharges the alluvial aquifer, which 
might prevent groundwater from flowing under the creek to the GRO extraction wells. 
 
Groundwater extracted by the GRO extraction wells is piped to Pond 4 (Figure 2), where the 
extracted volume is reduced by evaporation. Maintaining the Pond 4 level at a constant elevation 
requires matching the GRO system monthly cumulative extraction rates to mean monthly pond 
evaporation rates, which can be zero when the pond is frozen, but generally range between 
2 gallons per minute (gpm) during cooler months and 16 gpm during warmer months (Figure 5). 
In 2017, an evaluation (ranking test) assessed individual extraction well uranium mass removal 
rates at different pumping rates (DOE 2018a). The evaluation found that extraction well uranium 
effluent concentration was independent of the pumping rate, suggesting that individual extraction 
wells should be pumped at the highest rate possible. The evaluation also determined that to 
maximize uranium mass removal, priority should be given to pumping the extraction wells 
having the highest uranium effluent concentrations. Based on the evaluation results, a monthly 
pumping schedule was developed that maximizes AOA uranium mass removal while matching 
monthly pond evaporation rates (Table 3). Because the listed pumping schedule is based on 
mean monthly pond evaporation rates, and the actual monthly pond evaporation rates will differ 
from the mean values, the pumping schedule is adjusted each month to match actual pond 
evaporation rates, based on the concept that extraction wells having the highest effluent uranium 
concentrations should be preferentially operated over extraction wells having lower effluent 
concentrations. Thus, when pond levels drop below a prescribed elevation (approximately 
50% capacity), GRO pumping is increased, and when pond levels rise above the prescribed pond 
elevation, GRO pumping is decreased. GRO system operation also depends on the availability of 
groundwater in the alluvial aquifer. During dry conditions, there may be insufficient groundwater 
in the AOA to match pumping rates to pond evaporation rates. Under these circumstances, the 
pond level drops until wetter conditions prevail, when pumping rates can be increased to exceed 
evaporation rates and return the pond level to its target elevation. 
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Figure 4. AOA Extraction and Monitoring Well Locations  
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Figure 5. Pond 4 Monthly Average Evaporation Rates 
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Table 3. Nominal Monthly GRO Pumping Schedule 
 

Month 

Extraction Well OR-2 OR-3 OR-5 OR-6 OR-7 OR-8 
Uranium Concentration, 

µg/L 675 550 675 675 700 475 
Average 

Pond 
Evaporation 

Rate, 
gpm 

Total 
Extraction 

Rate, 
gpm 

Total Mass 
Uranium 

Removed, 
lb 

Extraction 
Rate, 
gpm 

Mass 
Uranium 

Removed,  
lb 

Extraction 
Rate, 
gpm 

Mass 
Uranium 

Removed, 
lb 

Extraction 
Rate, 
gpm 

Mass 
Uranium 

Removed, 
lb 

Extraction 
Rate, 
gpm 

Mass 
Uranium 

Removed, 
lb 

Extraction 
Rate, 
gpm 

Mass 
Uranium 

Removed,  
lb 

Extraction 
Rate, 
gpm 

Mass 
Uranium 

Removed,  
lb 

Jan 2.2 2.2 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.6 0.0 0.0 
Feb 3.8 3.8 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.8 0.9 0.0 0.0 
Mar 7.0 7.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.8 4.0 1.0 0.0 0.0 
Apr 4.2 4.2 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 1.1 0.0 0.0 
May 13.2 13.2 3.4 2.5 0.6 0.0 0.0 3.0 0.8 3.5 0.9 4.2 1.1 0.0 0.0 
Jun 14.6 14.6 3.5 2.5 0.6 1.4 0.3 3.0 0.7 3.5 0.9 4.2 1.1 0.0 0.0 
Jul 13.5 13.7 3.5 2.5 0.6 0.5 0.1 3.0 0.8 3.5 0.9 4.2 1.1 0.0 0.0 
Aug 15.1 14.1 3.5 1.5 0.4 2.1 0.4 3.0 0.8 3.5 0.9 4.0 1.0 0.0 0.0 
Sep 15.9 14.9 3.5 1.5 0.4 2.0 0.4 3.0 0.7 3.5 0.9 4.0 1.0 0.9 0.2 
Oct 9.0 9.1 2.3 0.8 0.2 0.0 0.0 0.8 0.2 3.5 0.9 4.0 1.0 0.0 0.0 
Nov 5.2 5.2 1.3 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.3 4.0 1.0 0.0 0.0 
Dec 1.9 1.9 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.5 0.0 0.0 

Abbreviations:  
gpm = gallons per minute 
lb = pounds 
µg/L = micrograms per liter 
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1.3.4 Groundwater and Surface Water Monitoring Schedule and Locations 
 
OU III groundwater and surface water samples were collected in October 2022 (fall) and 
April 2023 (spring), as listed in Table 4. In addition, a number of monitoring wells are sampled 
once every 5 years (Table 4). Figure 6 shows the OU III monitoring well locations and surface 
water sampling locations, and Figure 7 shows monitoring locations within and adjacent to 
the PRB.  
 

Table 4. OU III Monitoring Well Sampling Schedule
 

Well Aquifer/Formation 
Monitored 

October 2022 
(Fall) 

April 2023 
(Spring) 

Every 5 Years, 
Last Sampled 
October 2021 

0200 Alluvial Yes Yes No 
0202 Alluvial Yes Yes No 
82-08 Alluvial Yes Yes No 
83-70 Burro Canyon Yes No No 
88-85 Alluvial Yes Yes No 
92-07 Alluvial Yes Yes No 
92-08 Alluvial Yes Yes No 
92-09 Alluvial Yes Yes No 
92-10 Burro Canyon Yes No No 
92-11 Alluvial Yes Yes No 
93-01 Burro Canyon Yes No No 
95-01 Alluvial Yes No No 
95-03 Alluvial Yes No No 

MW00-01 Alluvial Yes Yes No 
MW00-06 Alluvial Yes Yes No 
MW00-07 Alluvial Yes No No 
MW-01 Alluvial Yes Yes No 
MW-03 Alluvial Yes Yes No 
MW-04 Alluvial Yes Yes No 
MW-05 Alluvial Yes Yes No 
MW-06 Alluvial Yes Yes No 
MW-07 Alluvial Yes Yes No 
MW-08 Alluvial Yes Yes No 
MW-09 Alluvial Yes Yes No 
MW-10 Alluvial Yes Yes No 
MW-11 Alluvial Yes Yes No 
MW-12 Alluvial Yes Yes No 
MW-13 Alluvial Yes Yes No 
MW-14 Alluvial Yes Yes No 
MW-15 Alluvial Yes Yes No 
MW-16 Alluvial Yes Yes No 
MW-17 Alluvial Yes Yes No 
MW-18 Alluvial Yes Yes No 



  
 
 

Table 4. OU III Monitoring Well Sampling Schedule (continued) 
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Well Aquifer/Formation 
Monitored 

October 2022 
(Fall) 

April 2023 
(Spring) 

Every 5 Years, 
Last Sampled 
October 2021 

MW-19 Alluvial Yes Yes No 
MW-20 Alluvial Yes Yes No 
MW-21 Alluvial Yes Yes No 
MW-22 Alluvial Yes Yes No 
MW-23 Alluvial Yes Yes No 
OR-01 Alluvial Yes Yes No 
OR-02 Alluvial Yes Yes No 
OR-03 Alluvial Yes Yes No 
OR-04 Alluvial Yes Yes No 
OR-05 Alluvial Yes Yes No 
OR-06 Alluvial Yes Yes No 
OR-07 Alluvial Yes Yes No 
OR-08 Alluvial Yes Yes No 
P92-06 Alluvial Yes Yes No 
PW-10 Alluvial Yes Yes No 
PW-17 Alluvial Yes Yes No 
PW-28 Alluvial Yes Yes No 
R10-M1 Alluvial Yes Yes No 
R1-M3 Alluvial Yes Yes No 
R1-M4 Alluvial Yes Yes No 
R3-M2 Alluvial Yes Yes No 
R3-M3 Alluvial Yes Yes No 
R4-M3 Alluvial Yes No No 
R4-M6 Alluvial Yes Yes No 
R6-M3 Alluvial Yes No No 
R6-M4 Alluvial Yes No No 
T00-01 Alluvial Yes No No 
T00-04 Alluvial Yes No No 
T01-01 Alluvial No Yes No 
T01-02 Alluvial Yes Yes No 
T01-04 Alluvial Yes Yes No 
T01-05 Alluvial Yes Yes No 
T01-07 Alluvial Yes Yes No 
T01-12 Alluvial Yes Yes No 
T01-13 Alluvial Yes No No 
T01-18 Alluvial Yes No No 
T01-19 Alluvial Yes Yes No 
T01-20 Alluvial Yes No No 
T01-23 Alluvial Yes No No 
T01-25 Alluvial Yes No No 



  
 
 

Table 4. OU III Monitoring Well Sampling Schedule (continued) 
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Well Aquifer/Formation 
Monitored 

October 2022 
(Fall) 

April 2023 
(Spring) 

Every 5 Years, 
Last Sampled 
October 2021 

T01-35 Alluvial Yes Yes No 
31NE93-205 Burro Canyon No No Yes 

95-06 Burro Canyon No No Yes 
95-07 Burro Canyon No No Yes 
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 Abbreviation: ZVI = zero-valent iron 
 

Figure 6. OU III Water Quality Monitoring Locations 
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Figure 7. Location of PRB Monitoring Wells 
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1.4 Source Area Geometry and Mass 
 
The locations of historic uranium sources at the MMTS are shown in Figure 8. The primary 
source of uranium and other contaminants to the alluvial aquifer was the four unlined tailings 
impoundments that were active during milling operations (1941 to 1960). The tailings 
impoundments covered approximately 44 acres and were removed between 1997 and 1999 
during surface remediation activities. Tailings and contaminated soils associated with the tailings 
impoundments were removed and encapsulated in the onsite disposal cell. The estimated 
uranium mass associated with the tailings and contaminated soils removed from the mill site 
during surface remediation is 2 million pounds (lb) (DOE 2021). 
 
Soils beneath portions of the MMTS tailings impoundments were removed down to or near 
bedrock (Figure 8), thus removing a significant mass of solid-phase uranium that is an ongoing 
source at other sites (DOE 2018b). During milling, tailings fluids were either very acidic 
(pH approximately 2) or very basic (pH approximately 11), depending on the milling process. 
Because of pH extremes, infiltrating fluids originating from the different tailings impoundments 
contained high concentrations of dissolved metals. Soils beneath and downgradient of the 
tailings impoundment buffered the tailings fluids to near neutral pH, potentially causing uranium 
to sorb to iron precipitating from solution onto the aquifer solids. Clean groundwater or 
precipitation infiltration flowing through the sorbed uranium can remobilize this uranium and 
continue to feed the uranium plume. 
 
Because soils beneath portions of the former tailings impoundments were excavated to or near 
bedrock, uranium source mass associated with the former tailings impoundments was greatly 
reduced. However, for those portions of the former mill site that were not excavated to bedrock, 
uranium was left in place at concentrations up to 10–12 milligrams per kilogram (mg/kg), and 
these soils are continuing sources of uranium to OU III groundwater. In comparison, background 
uranium levels are typically less than 2 mg/kg (DOE 2020). The estimated total mobile uranium 
mass remaining at the MMTS is approximately 24,000 lb (DOE 2021). Of this amount, 
approximately 8000 lb are associated with saturated zone solids in the uranium plume, 10,000 lb 
are diffused throughout portions of the former mill site vadose zone that were not excavated to 
bedrock, 5000 lb are associated with vadose zone solids in the plume area downgradient of the 
PRB, and 1000 lb are associated with supplemental standards areas. On the hillsides of the former 
mill site, snowmelt dissolves uranium and flows for a brief period in the spring along the bedrock 
surface to the margins of the alluvial aquifer. This flow path is incomplete for the rest of the year. 
There are supplemental standards areas south of the former mill site that may also contribute 
uranium by this mechanism (Figure 8). Additionally, downgradient vadose zone uranium 
secondary sources associated with the precipitation and evapotranspiration cycle continue to store 
and release uranium to OU III groundwater as a function of snowmelt (DOE 2020).  
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Figure 8. MMTS OU III Historical Source Areas 
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1.5 Evaluations Conducted This Performance Period 
 
The Sixth CERCLA Five-Year Review for the MMTS was completed in July 2022 
(DOE 2022a). The Sixth Five-Year Review covered the period June 2017–June 2022. The 
report concluded that a protectiveness determination cannot be made for OU III until LM 
obtains further information regarding the potential risks posed by surface water contaminants. 
LM is currently addressing the issues and recommendations for OU III documented in the 
Sixth Five-Year Review report by continuing work on a Feasibility Study (FS), evaluating 
ecological risks of uranium in Montezuma Creek, assessing IC options to prevent human 
consumption of Montezuma Creek water as a domestic drinking water source, and continuing a 
climate vulnerability and resilience assessment for the MMTS. The objective of the FS is to 
perform a more robust remedial alternatives evaluation for groundwater and surface water that 
incorporates recent, significant updates to the conceptual site model for the MMTS. The 
ecological risk evaluation will use a weight-of-evidence approach to assess the protectiveness of 
the OU III remedy to ecological receptors in Montezuma Creek. Although Montezuma Creek is 
not currently used as a drinking water source, it is classified as Class 1C for domestic use, and 
LM is evaluating surface water use restrictions that will prevent its future use for drinking water. 
The climate vulnerability and resilience assessment is being conducted because the MMTS was 
identified as at medium to high vulnerability for climate change in a screening assessment 
(DOE 2019b). 
 
Nonroutine water quality samples were collected in October 2022 to support the FS, ecological 
risk evaluation, and Montezuma Creek IC assessment. Because uranium concentrations exceeding 
the remediation goal for surface water are present at the farthest downstream Montezuma Creek 
sampling location in the semiannual monitoring network (Figure 6, SW94-01), three additional 
nonroutine samples were collected farther downstream to determine the extent of creek 
contamination. These nonroutine surface water samples are discussed further in Section 2.6, and 
the full analytical results are provided in Appendix D. Additionally, filtered and unfiltered 
samples were collected at each Montezuma Creek sampling location during the April 2023 event. 
Typically, either a filtered or unfiltered sample (depending on turbidity), but not both, is collected 
from each monitoring location. However, for the evaluation of exposure to strictly aquatic 
receptors, dissolved (filtered) metal results are more appropriate than total (unfiltered) metal 
results because metals in particulate form are not bioavailable to aquatic receptors. Hence, 
collecting both filtered and unfiltered samples at each location can help distinguish the dissolved 
and particulate uranium fractions to aid ecological risk evaluations. A comparison of the filtered 
versus unfiltered results is provided in Section 2.6. 
 
 

2.0 Compliance Remedy Performance 
 
The current OU III remedy is MNA and active remediation with ICs. To assess the effectiveness 
of the OU III remedy, current and historical trends of alluvial aquifer groundwater levels and 
flow directions, uranium plume geometry and concentrations, and uranium plume mass, volume, 
and average concentrations are compared to baseline conditions. OU III baseline conditions 
correspond to 2001 when the mill site reconstruction was completed and the current monitoring 
well network was first established. Although monitoring wells have been abandoned and 
installed since 2001, the overall coverage of the monitoring well network has remained relatively 
consistent, which allows conditions in 2001 to be compared to subsequent years. AOA baseline 
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conditions correspond to 2014, the year before the GRO system became operational. To 
complete the evaluation, current and historical surface water concentration trends are also 
compared to baseline conditions. In addition to comparison to baseline conditions, GRO system 
performance was evaluated by examining historical extraction volumes and uranium mass 
removal rates.  
 
MNA is an in situ remediation technique that relies on natural processes in soil and groundwater 
to reduce, without active intervention, uranium mass in the subsurface. Because of a long 
radioactive half-life (245,500 years for uranium-234 and 4.5 billion years for uranium-238), the 
only natural attenuation mechanisms available to reduce OU III subsurface uranium mass are 
discharge to Montezuma Creek, dispersion along the plume flow path, sorption, and mineral 
precipitation due to changing geochemical conditions. Active remediation at OU III is 
accomplished by pumping, which removes COC mass from the aquifer. Subsurface physical and 
chemical processes that retard uranium plume movement relative to corresponding OU III 
groundwater movement reduce the efficiency of the remedy. This evaluation examines remedy 
efficiency and the progress of alluvial aquifer water quality restoration. 
 
2.1 GRO System Pumping Volumes and Uranium Mass Removal 
 
Since 2015, the GRO system has removed 29.1 million gallons of contaminated groundwater 
and approximately 146 lb of uranium (Figure 9). Current estimates suggest that 1400 lb of 
uranium are remaining in the AOA as solid-phase and dissolved mass. From May 2022 to 
April 2023, the GRO system removed approximately 1.5 million gallons of contaminated 
groundwater and 8 lb of uranium. In comparison, from May 2021 to April 2022, the GRO system 
removed approximately 3.6 million gallons of contaminated groundwater and 14 lb of uranium.  
 
2.2 Alluvial Aquifer Groundwater Levels 
 
The 2014 AOA water table is shown in Figure 10. Groundwater levels are higher upgradient than 
downgradient of the PRB, showing that the permeability of the PRB, installed in 1999, is 
reduced relative to design specification and has restricted groundwater movement through the 
treatment zone. The water table also shows that groundwater is migrating around the southern 
end of the PRB in response to higher groundwater levels caused by declining PRB permeability. 
In addition, reduced PRB permeability directs groundwater flow around the northern end of the 
PRB. Downgradient of the PRB, the water table shows groundwater flowing to the east. 
 
The April 2023 AOA water table is shown in Figure 11. Similar to the case in 2014 and the 
following years, groundwater levels are higher upgradient relative to downgradient of the PRB. 
As before, the difference in upgradient and downgradient water levels results from reduced PRB 
permeability. GRO system pumping lowers the water table in the vicinity of the AOA extraction 
well that was operating during the measurement period (OR-07). Operation of the GRO system 
results in groundwater capture from an extensive region surrounding the pumping well 
(Figure 11). Some groundwater still flows around the southern end of the PRB but at a reduced 
rate relative to 2014, due to pumping. Downgradient of the PRB, the water table shows 
groundwater flowing to the east. 
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Figure 9. Cumulative Extraction Volumes, Uranium Mass Removed, and Monthly Pumping Performance 
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Abbreviation: NAVD88 = North American Vertical Datum of 1988 

 
Figure 10. 2014 AOA Water Table 
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Abbreviation: NAVD88 = North American Vertical Datum of 1988 

 
Figure 11. 2023 AOA Water Table
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2.3 Alluvial Aquifer Monitoring Well Uranium Concentration Trends 
 
Uranium groundwater concentration trends for the monitoring wells listed in Table 5 are shown 
in Figure 12 through Figure 16. Mann-Kendall trend analysis was performed to characterize 
whether uranium concentration trends were upward, stable (no trend), or declining. For the wells 
identified as having declining trends, linear regression of the log-transformed concentration data 
was performed to determine when a well’s uranium concentration was expected to decline below 
the groundwater standard. Both the Mann-Kendall trends and linear regression analysis 
predictions are representative of conditions spanning the duration of the measurements. 
 
For the statistical trend analyses, the number of samples used for each well was reduced to a 
bimonthly sample frequency as necessary to ensure statistical independence. Figure 17 shows the 
location of the wells, color codes identifying uranium concentration trends, and estimated range 
in years, for wells having declining trends, until the remediation goal of 30 µg/L is reached. 
Mann-Kendall trend analysis using a 0.05 significance level identified 16 of the 23 AOA 
monitoring wells as having decreasing uranium concentration trends (Figure 12 and Figure 13, 
Table 5). An increasing trend was identified at one well (MW-15) that is outside the capture zone 
of the GRO system (Figure 11). The remaining six monitoring wells were identified as having no 
significant statistical trends. While having trends that could not be identified statistically, the 
tau values (tau characterizes the relationship between a series of values) for four of six AOA 
monitoring wells are negative, indicating decreasing tendencies. Although not all the trends may 
be statistically identifiable, the fact that the tau values for 20 of 23 AOA monitoring wells are 
negative suggests that, overall, uranium concentrations are decreasing throughout the AOA, 
likely in response to GRO system pumping.  
 
In the upgradient portion of OU III, Mann-Kendall trend analysis results identified 14 of the 
16 monitoring wells as having decreasing uranium concentration trends (Figure 14, Table 5). 
Monitoring well T01-18, identified as having no significant trend overall, shows uranium 
concentrations initially increasing followed by decreasing concentrations. The recent decreases 
in concentration in this well suggest that uranium concentrations are decreasing throughout the 
upgradient portion of OU III. The second monitoring well (MW00-01) identified as having no 
significant trend is a background monitoring well that has uranium concentrations below the 
30 µg/L uranium standard. 
 
The downgradient portion of OU III has variable uranium concentration trends (Figure 15, 
Table 5). Mann-Kendall trend analysis results for the downgradient portion of OU III identified 
7 of 14 monitoring wells as having no significant trend, 4 of 14 monitoring wells as having 
downward trends, and 3 monitoring wells as having an increasing trend. The increasing trends 
at wells R6-M4 and R10-M1 are likely related to PRB performance. These wells are located 
immediately downgradient of the PRB. As mineralization has reduced the flow of treated water 
through the PRB, more contaminated water has been forced around the northern slurry wall 
(DOE 2019a). The increasing uranium concentration trend at wells R6-M4 and R10-M1 may be 
caused by this increasing volume of flow around the northern slurry wall relative to the 
decreasing volume of treated water flowing through the PRB. The increasing trend at  
well 82-08 might also be the result of changing flow patterns around the PRB. Well R6-M3 is 
also directly downgradient of the PRB, but it is closer to the southern end of the PRB. The lack 
of a statistical trend at well R6-M3 indicates that this location is still influenced more by the 
flow of treated water through the PRB than by flow of contaminated water around the slurry 
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walls. Two monitoring wells (MW00-06 and MW00-07) previously had increasing 
concentration trends caused by higher AOA concentrations that migrated around the southern 
slurry wall (Section 2.4). Currently, both monitoring wells visually have decreasing trends, 
although the Mann-Kendall results indicate no trend. Wells 95-01 and 95-03 are downgradient 
monitoring wells with uranium concentrations below the 30 µg/L uranium standard, and the 
stable trends at these wells indicate that the plume is not expanding.   
 
Well PW-10 is representative of flow around the southern slurry wall, and the visual change in 
trend slope around 2015 may indicate that the GRO system is responsible for the statistically 
decreasing concentration trend at this well. As pumping has captured the more contaminated 
groundwater within the southern portion of the AOA, relatively cleaner water has begun to flow 
around the southern slurry wall. The other three decreasing trends (wells 0200, 0202, and 92-08) 
reflect uranium plume attenuation. Because these three wells are located near Montezuma Creek 
along a losing reach of the stream (DOE 2019a), they receive more volume of clean recharge 
than other downgradient wells, resulting in greater attenuation rates. The other two downgradient 
wells with stable trends are located near the margin of the aquifer (well P92-06) or at the 
downgradient end of the plume near a gaining reach of Montezuma Creek (well 92-09). Uranium 
concentrations at these wells are also expected to decrease eventually as the downgradient 
portion of the aquifer continues to slowly respond to the upgradient remedial efforts, particularly 
the tailings removal. 
 
The four monitoring wells located within the PRB did not have significant uranium 
concentration trends (Figure 16, Table 5). Wells R3-M2 and R3-M3 in the upgradient 
gravel/zero-valent iron (ZVI) portion of the PRB show stable uranium concentrations. Likewise, 
wells R4-M3 and R4-M6 within the 100% ZVI portion of the PRB show no significant trend. 
Note that measurements taken before October 2009 were not used in the trend analysis for 
wells R4-M3 and R4-M6 because of the high number of results below the detection limit and a 
change in the analytical detection limit. The concentrations remain below the uranium standard 
at R4-M3 and R4-M6 (Figure 16). 
 
For the 33 monitoring wells identified as having decreasing trends with concentrations above the 
remediation goal, linear regression of the log-transformed concentration data was performed to 
determine the uranium attenuation half-lives and associated upper and lower 95% confidence 
intervals (CI) (Table 5). Based on the attenuation half-lives and CIs, the year that average 
uranium levels in individual monitoring wells would decrease below the remediation goal of 
30 µg/L was calculated (Table 5). The attenuation half-lives are applicable to current site 
conditions. Changing site conditions—such as removal of the PRB, termination of the GRO 
system, or variable temporal recharge rates—could change the half-lives. To account for 
uncertainty, upper and lower 95% confidence level predictions that bracket the year that the 
uranium remediation goal concentration would be reached were also calculated. For some wells 
where the measured uranium concentration is near the remediation goal but not below the goal, 
the lower confidence level for remediation is in a past year. These unintuitive results reflect 
(1) the statistical variability of concentration measurements and (2) the imperfect fit between the 
exponential decay model and the concentration data. 
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Table 5. AOA and OU III Monitoring Well Uranium Concentration Trends and Year Remediation Goal Is Reached 
 

Monitoring 
Well 

Initial 
Trend 

Analysis 
Date 

Final Trend 
Analysis 

Date 
Number of 
Samples 

Mann-Kendall Half-Life (years) Year Remedial Goal  
of 30 µg/L Reached 

Concentration 
Trend 

Tau 
Value 

Trend 
Line 

Lower 95% 
Confidence 

Interval 

Upper 95% 
Confidence 

Interval 
Trend 
Line 

Lower 95% 
Confidence 

Interval 

Upper 95% 
Confidence 

Interval 
AOA 

MW-01 3/31/2015 4/18/2023 13 None -0.19 Not applicable, no trend 

MW-03 3/31/2015 4/18/2023 30 None 0.16 Not applicable, no trend 

MW-04 3/31/2015 4/18/2023 25 Decreasing -0.41 14.6 8.2 70.3 2080 2053 2318 

MW-05 3/31/2015 4/18/2023 18 None -0.11 Not applicable, no trend 

MW-06 4/1/2015 4/18/2023 30 Decreasing -0.66 7.0 5.4 10.1 2047 2040 2059 

MW-07 4/1/2015 4/18/2023 29 Decreasing -0.49 14.5 10.0 26.7 2080 2061 2132 

MW-08 4/1/2015 4/19/2023 30 Decreasing -0.39 18.0 11.5 40.8 2100 2070 2203 

MW-09 4/1/2015 4/18/2023 27 Decreasing -0.47 11.8 8.1 21.5 2064 2049 2101 

MW-10 4/1/2015 4/18/2023 29 Decreasing -0.81 6.9 5.8 8.7 2050 2045 2058 

MW-11 4/1/2015 4/19/2023 29 Decreasing -0.76 12.0 9.7 16.0 2077 2065 2096 

MW-12 4/1/2015 4/18/2023 30 None -0.02 Not applicable, no trend 

MW-13 4/1/2015 4/18/2023 30 Decreasing -0.43 15.8 9.7 42.3 2076 2053 2172 

MW-14 3/31/2015 4/18/2023 30 Decreasing -0.59 8.2 5.8 13.9 2050 2040 2072 

MW-15 3/31/2015 4/18/2023 30 Increasing 0.31 Not applicable, increasing trend 

MW-16 3/31/2015 4/18/2023 30 None -0.08 Not applicable, no trend 

MW-17 3/31/2015 4/18/2023 25 None 0.24 Not applicable, no trend 

88-85a 10/17/2001 4/19/2023 50 Decreasing -0.66 18.5 15.4 23.0 2067 2058 2081 

92-07a 10/16/2001 4/19/2023 50 Decreasing -0.37 12.0 9.5 16.3 2064 2053 2083 

92-11a 10/15/2001 4/19/2023 49 Decreasing -0.55 18.1 14.8 23.5 2062 2053 2077 

PW-17a 10/16/2001 4/19/2023 49 Decreasing -0.28 14.8 11.3 21.4 2079 2063 2110 

PW-28a 10/16/2001 4/19/2023 46 Decreasing -0.61 30.1 24.4 39.2 2092 2077 2116 

R1-M3 10/15/2001 4/19/2023 49 Decreasing -0.40 14.5 11.3 20.2 2065 2053 2086 

R1-M4 10/11/2001 4/19/2023 49 Decreasing -0.30 22.3 16.2 35.9 2092 2070 2140 
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Monitoring 
Well 

Initial 
Trend 

Analysis 
Date 

Final Trend 
Analysis 

Date 
Number of 
Samples 

Mann-Kendall Half-Life (years) Year Remedial Goal  
of 30 µg/L Reached 

Concentration 
Trend 

Tau 
Value 

Trend 
Line 

Lower 95% 
Confidence 

Interval 

Upper 95% 
Confidence 

Interval 
Trend 
Line 

Lower 95% 
Confidence 

Interval 

Upper 95% 
Confidence 

Interval 

PRB Wells 
R3-M2 9/30/2002 4/19/2023 43 None -0.16 Not applicable, no trend 

R3-M3 9/30/2002 4/19/2023 43 None 0.09 Not applicable, no trend 

R4-M3 10/6/2009 4/19/2023 23 None 0.16 Not applicable, concentration less than remediation goal 

R4-M6 10/6/2009 4/19/2023 28 None 0.25 Not applicable, concentration less than remediation goal 

OU III Upgradient, Former Mill Site 

MW00-01 10/8/2001 4/17/2023 45 None -0.02 Not applicable, concentration less than remediation goal 

T00-01 10/9/2001 10/13/2022 30 Decreasing -0.64 5.7 4.5 7.7 2023 2021 2028 

T00-04 10/15/2001 10/13/2022 28 Decreasing -0.83 4.3 3.9 4.8 2024 2023 2025 

T01-01a 10/9/2001 4/19/2023 42 Decreasing -0.61 7.7 6.1 10.4 2025 2022 2030 

T01-02a 1/30/2002 4/18/2023 46 Decreasing -0.66 14.3 11.8 18.2 2047 2041 2057 

T01-04a 10/10/2001 4/18/2023 46 Decreasing -0.54 26.1 19.3 40.4 2074 2058 2109 

T01-05a 10/9/2001 4/18/2023 47 Decreasing -0.68 25.1 20.6 32.0 2068 2058 2083 

T01-07a 10/9/2001 4/18/2023 46 Decreasing -0.65 20.7 17.0 26.4 2059 2051 2072 

T01-12a 10/9/2001 4/19/2023 41 Decreasing -0.33 39.0 24.2 100.4 2104 2069 2251 

T01-13 4/3/2002 10/14/2022 18 Decreasing -0.86 10.5 8.8 13.2 2038 2034 2045 

T01-18 10/10/2001 10/13/2022 25 None -0.05 Not applicable, no trend 

T01-19a 10/10/2001 4/18/2023 44 Decreasing -0.32 47.8 29.1 133.7 2084 2056 2215 

T01-20 10/11/2001 10/14/2022 26 Decreasing -0.43 19.2 12.3 43.6 2070 2049 2146 

T01-23 10/8/2001 10/13/2022 28 Decreasing -0.52 34.5 23.9 62.1 2020 2017 2027 

T01-25 10/11/2001 10/14/2022 27 Decreasing -0.67 Not applicable, concentration less than remediation goal 

T01-35a 10/23/2001 4/18/2023 49 Decreasing -0.58 26.3 20.7 35.9 2059 2049 2076 

I I I I I I I I I I I I I 
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Monitoring 
Well 

Initial 
Trend 

Analysis 
Date 

Final Trend 
Analysis 

Date 
Number of 
Samples 

Mann-Kendall Half-Life (years) Year Remedial Goal  
of 30 µg/L Reached 

Concentration 
Trend 

Tau 
Value 

Trend 
Line 

Lower 95% 
Confidence 

Interval 

Upper 95% 
Confidence 

Interval 
Trend 
Line 

Lower 95% 
Confidence 

Interval 

Upper 95% 
Confidence 

Interval 
OU III Downgradient of PRB 

0200 10/5/2004 4/19/2023 38 Decreasing -0.57 18.4 13.8 27.3 2069 2056 2097 

0202 10/5/2004 4/18/2023 38 Decreasing -0.60 17.9 14.2 24.2 2060 2051 2077 

82-08a 10/17/2001 4/19/2023 46 Increasing 0.21 Not applicable, increasing trend 

92-08a 10/16/2001 4/18/2023 45 Decreasing -0.57 19.4 15.2 26.5 2072 2060 2094 

92-09a 10/16/2001 4/19/2023 44 None -0.07 Not applicable, no trend 

95-01 10/17/2001 10/12/2022 21 None -0.23 Not applicable, concentration less than remediation goal 

95-03 10/11/2001 10/12/2022 22 None 0.04 Not applicable, concentration less than remediation goal 

MW00-06a 10/16/2001 4/18/2023 47 None 0.00 Not applicable, no trend 

MW00-07a 10/16/2001 10/12/2022 21 None 0.04 Not applicable, no trend 

P92-06a 10/16/2001 4/18/2023 46 None -0.06 Not applicable, no trend 

PW-10 10/16/2001 4/19/2023 37 Decreasing -0.39 14.1 10.4 21.9 2076 2059 2110 

R10-M1a 10/11/2001 4/19/2023 49 Increasing 0.29 Not applicable, increasing trend 

R6-M3 10/16/2001 4/19/2023 43 None 0.01 Not applicable, no trend 

R6-M4 10/11/2001 4/19/2023 46 Increasing 0.36 Not applicable, increasing trend 
Note: 
a Monitoring well identified for trend analysis in Appendix B of the 2004 Record of Decision (DOE 2004a). 
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Figure 12. AOA Monitoring Well (Installed 2014) Uranium Concentration Trends 
 

MW-01 
10,000 -

1,000 - _...,_ ...... _ _ _ 

100 -

10 -

MW-06 
10,000 -- 1,000 -...J • ..._ 

en 100 -
::::L - - - - - - - - - - - - -- 10 -
E MW-10 ::s 10,000 -·-C: 1,000 -co 
I,,,. 

::, 100 -
- - - - - - - - - - - - -

10 -

MW-14 
10,000 -

1,000 -

100 - • 

10 , 
s;t" co (X) 0 N s;t" s;t" co ..... ..... ..... N N N ..... ..... 
0 0 0 0 0 0 0 0 
N N N N N N N N 

MW-03 MW-04 MW-05 

• • 
• • 

MW-07 MW-08 MW-09 

MW-11 MW-12 MW-13 

a,scoy,, o 
•• • 

MW-15 MW-16 MW-17 

• • 

I I I I 

(X) 0 N s;t" s;t" co (X) 0 N s;t" s;t" co (X) 0 ..... N N N ..... ..... ..... N N N ..... ..... ..... N 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N N N N N N N N N N N N N N 

Date 

• 

• 

N 
N 
0 
N 

s;t" 
N 
0 
N 

Remediation 
goal (30 µg/L) 



  

 
U.S. Department of Energy MMTS OU III Annual GW Report May 2022–April 2023 
 Doc. No. 44011 

Page 30 

 
Note: * Monitoring well identified for trend analysis in Appendix B of the 2004 Record of Decision (DOE 2004a). 
 

Figure 13. AOA Other Monitoring Well Uranium Concentration Trends 
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Note: * Monitoring well identified for trend analysis in Appendix B of the 2004 Record of Decision (DOE 2004a). 
 

Figure 14. OU III Upgradient Monitoring Well Uranium Concentration Trends 
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Note: * Monitoring well identified for trend analysis in Appendix B of the 2004 Record of Decision (DOE 2004a). 
 

Figure 15. OU III Downgradient Monitoring Well Uranium Concentration Trends 
 

-

10,000 -

1,000 -

100 -

10 -

1 -

0.1 -

...J --. 10,000 -
C) 
::::L 1 , 000 -- 100 -

0200 0202 82-08* 

92-09* 95-01 95-03 

E 
::s 10 - ,_0% an 

C: 
co 
I,,,. 

::, 

1 -

0.1 -

10,000 -

1,000 -

MW00-07* 

100 - • 

• 

P92-06* PW-10 

92-08* 

MW00-06* 

R1 0-M1 * 

------------- ------------- ------------- -----10 - "-"" ....... ~ 

1 -

0.1 , I I I I 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
c:o 0) 0 ..... N M c:o 0) 0 ..... N M c:o 0) 0 ..... N M c:o 0) 0 ..... 
0) 0) 0 0 0 0 0) 0) 0 0 0 0 0) 0) 0 0 0 0 0) 0) 0 0 ..... ..... N N N N ..... ..... N N N N ..... ..... N N N N ..... ..... N N 

Date 

0 
N 
0 
N 

0 
M 
0 
N 

Remediation 
goal (30 µg/L) 



  

 
U.S. Department of Energy MMTS OU III Annual GW Report May 2022–April 2023 
 Doc. No. 44011 

Page 33 

 
 

Figure 16. PRB Monitoring Well Uranium Concentration Trends 
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Figure 17. Uranium Concentration Trends in the Alluvial Aquifer and Estimated Time Frame the Uranium Remediation Goal 
Will Be Reached in the Alluvial Aquifer 
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Within the AOA, trend evaluation predicts that if current uranium concentration trends 
continued, the uranium remedial standard would be reached in the 16 monitoring wells 
having decreasing trends sometime between 2040 (MW-06 and MW-14, lower 95% CI) 
and 2318 (MW-04, upper 95% CI). In the upgradient portion of OU III, the uranium remedial 
standard is predicted to be reached in the 14 monitoring wells having decreasing trends sometime 
between 2017 (T01-23, lower 95% CI) and 2251 (T01-12, upper 95% CI). In the downgradient 
portion of OU III, the uranium remedial standard is predicted to be reached in the four 
monitoring wells having decreasing trends sometime between 2051 (0202, lower 95% CI) and 
2110 (PW-10, upper 95% CI). The predicted years to reach uranium remedial standards and 
some of the wells defining the range of dates when cleanup will be achieved are different than 
those in the May 2021 through April 2022 performance period (DOE 2022b). This is because the 
duration estimates are based on best-fit lines whose slope changes as additional data points are 
added to the regression analysis.  
 
The time to reach the uranium remediation goal concentration for the monitoring wells 
characterized as having no statistical trend is unknown but likely will be longer than that 
required for the monitoring wells having statistically identifiable downward concentration trends. 
 
2.4 Alluvial Aquifer Uranium Plume Geometry and Concentrations 
 
A map depicting the uranium plume in the alluvial aquifer in October 2001 after the conclusion 
of tailings removal and site restoration is provided in Figure 18 as a reference baseline condition, 
and a map depicting the current uranium plume is provided in Figure 19. GRO system extraction 
wells were installed in 2014 and began operation in 2015, and a uranium plume map for the 
AOA in September 2014 is provided in Figure 20 as a reference baseline condition for GRO 
system performance. The current uranium plume in the AOA is shown in Figure 21. 
 
In 2001, the highest alluvial aquifer uranium plume concentrations (1340 µg/L) were upgradient 
of the PRB in the AOA (Figure 18). Uranium groundwater concentrations approaching 500 µg/L 
were present downgradient of the PRB along the southern margins of the alluvial aquifer. In the 
western portion of the former mill site, uranium groundwater concentrations were 239 µg/L 
or less. 
 
Uranium concentrations greater than 300 µg/L are still found upgradient of the PRB in the AOA 
(Figure 21). In the western portion of the former mill site, current uranium groundwater 
concentrations (Figure 19) are generally lower than 2001 concentrations (Figure 18). 
 
The installation of 16 new monitoring wells within the AOA well field in 2014 allowed for more 
detailed characterization of the spatial distribution of uranium contamination in groundwater 
relative to that of 2001. Data from the new monitoring wells showed that in 2014 a significant 
portion of the AOA had uranium groundwater concentrations above 500 µg/L, with a high 
concentration of 1400 µg/L (Figure 20). In 2023, the area containing uranium groundwater 
concentrations above 500 µg/L has contracted significantly relative to that of 2014, and the 
maximum concentration declined to 880 µg/L (Figure 21). The reduction in AOA uranium 
groundwater concentrations is a function of GRO system operation. In 2014, an area of lower 
uranium concentrations was present downgradient of the PRB, suggesting that some groundwater 
was passing through the PRB and uranium was being sequestered despite the reduction in PRB 
permeability. Also, concentrations immediately downgradient of the PRB in 2023 were 
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51.9 µg/L or above, which shows that the flow of treated water through the PRB has 
become minimal. 
 
2.5 Bulk Uranium Plume Metrics 
 
Bulk plume metrics were calculated using the Earth Volumetric Studio software. The calculation 
was performed by three-dimensional interpolation of well concentration data using kriging for 
each recorded sampling event since October 2001. A 10:1 horizontal-to-vertical anisotropy was 
assumed. The interpolated plume volume was bounded on the bottom by the top of bedrock 
surface (interpolated from lithologic logs) and bounded on the top by the water table (interpolated 
from groundwater elevation measurements for each sampling event) or the top of the sand or 
gravel layer (interpolated from lithologic logs), whichever was at a lower elevation. A porosity of 
0.25 was assumed for pore volume and plume mass calculations. Because this interpolation uses 
dynamic water table elevations and spatially variable top of bedrock and sand or gravel elevations 
when estimating plume volumes, the reported values will be different than those previously 
calculated using either a constant alluvial aquifer saturated thickness (pre-2016–2017) or an 
unconfined water table surface as the upper bound (2017–2018) (DOE 2018c). 
 
Bulk plume metrics were calculated separately for the OU III uranium plume, including all 
contaminated groundwater in the alluvial aquifer, and for the AOA uranium plume, including the 
limited area of contaminated groundwater from the eastern boundary of the former mill site to 
the PRB. Alluvial aquifer monitoring wells with an annual or semiannual sampling frequency 
(Figure 6) were used for the calculation of OU III bulk uranium plume metrics from 
October 2001 through April 2023. The GRO system monitoring wells (MW-01 and MW-03 
through MW-17) were not used for the OU III uranium plume calculations because they were 
installed in 2014, and a consistent set of wells should be used for analyzing temporal trends in 
bulk plume metrics. In case a well was not sampled during a particular sampling event, linear 
interpolation was used to assign a uranium concentration to that well for that event. The GRO 
system monitoring wells (with the exception of MW-01 and MW-05 because they are frequently 
dry) along with a subset of wells within or near the AOA (92-07, 92-11, PW-17, PW-28, T01-01, 
T01-02, T01-04, and T01-05) were used for calculation of the AOA bulk plume metrics from 
April 2014 through April 2023. Because different sets of wells were used for calculation of bulk 
plume metrics of the OU III uranium plume versus the AOA uranium plume, the results are not 
directly comparable. The OU III uranium plume results are more representative of the overall 
plume attenuation subsequent to mill site restoration, whereas the AOA uranium plume results 
are more representative of the effects of GRO system operation. 
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Figure 18. 2001 OU III Uranium Plume  
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Figure 19. 2023 OU III Uranium Plume 
  

µg/L) 

400 
00 

- 30 - Uranium Contour 
(µg/L) 

Uranium Groundwater Sample 

0 :S 30 µg/l e > 30 µg/l 

U~ nium Montezuma Creek Surface Water Sample 

:S 44 µg/l ■ > 44 µg /l 

Uranium Seep Surface Water Sample 

o-, :!> 44 µg/L ._, > 44 µg /l 

* * * Sample from October 2022 

~~ 
600 

/ Approximate Extent of Alluvial Aquifer 

• • • Former Mill Site 

r,/ Road 

~ Stream 

0 Pond 

,,,,--- Topographic Contour (50' Interval) 

,,,--- Topographic Contour (10' Interval ) 

Kd/K 
Contac 

U.S. DEPARTMENT OF ENERGY 
OFFICE OF LEGACY MANAGEMENT 

Work Performed by 

RSI EnTech, LLC 
Under DOE Contract 89303020DLM000001 

Uranium Results for 

DATE PREPARED: 

May 2022 through April 2023 
Performance Period 

FILE NAME: 

August28, 2023 045414 



  

 
U.S. Department of Energy MMTS OU III Annual GW Report May 2022–April 2023 
 Doc. No. 44011 

Page 39 

 
 

Figure 20. 2014 AOA Uranium Plume 
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Figure 21. 2023 AOA Uranium Plume 
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Bulk plume metrics characterizing plume volume, dissolved plume mass, and average plume 
concentration provide an assessment of OU III groundwater restoration progress (Figure 22 through 
Figure 24). The blue line is the locally estimated scatterplot smoothing (LOESS) line; the 
surrounding gray area represents the 95% CIs about the LOESS line. Because the plume footprint 
has remained relatively constant (Figure 18 and Figure 19), the relationship between increasing and 
decreasing uranium plume volume (Figure 22) is obvious; a rising water table results in greater 
saturated thickness (the sand or gravel layer is not saturated everywhere, temporally within OU III), 
which causes plume volume to increase; a dropping water table results in less saturated thickness 
and causes the plume volume to decrease. The relationship between dissolved uranium plume mass 
and uranium plume average concentration and water table elevation change is not obvious and is 
discussed more below.  
 
Residual uranium throughout the mill site vadose zone and in supplemental standards areas, 
along with uranium accumulated in the vadose zone by an evapotranspiration mechanism, 
represent a potential ongoing source of uranium to the alluvial aquifer (DOE 2020; DOE 2021). 
Infiltration of spring snowmelt and rainfall during periods of minimal transpiration (winter and 
early spring months) causes increases in dissolved plume mass and the plume average 
concentration. During the growing season, transpiration results in groundwater moving upward 
from the water table toward land surface. Except for large precipitation events, transpiration 
generally prevents water that infiltrates land surface from reaching the water table. During the 
winter and spring months, water infiltrating land surface can reach the water table when 
transpiration is absent or minimal. If the infiltrating water remained clean as it migrated through 
the unsaturated zone, then uranium plume concentrations would decrease due to dilution, and the 
dissolved mass would remain constant; however, the opposite effect is observed. It is therefore 
inferred that as the water moves from land surface to the water table the water leaches uranium 
stored in the unsaturated zone, causing increases in plume uranium concentrations, which results 
in increases in dissolved uranium plume mass and in uranium plume average concentration. This 
conclusion is corroborated by geochemical investigations at the site (DOE 2020; DOE 2021). 
 
This phenomenon is illustrated in the temporal plots of average plume concentration (Figure 24). 
In spring 2011, the uranium plume average concentration was 315 µg/L but declined to 
less than 240 µg/L by the fall of that year. While not as dramatic, similar spring and fall trends 
were present in other years as well. Spring and fall increases and decreases in uranium plume 
average concentration and volume produce similar trends in the dissolved plume mass 
(Figure 23).  
 
A statistical analysis of the uranium plume volume, mass, and average concentration was 
performed to quantify the seasonal effects that are qualitatively apparent in Figure 22 through 
Figure 24. The regression residuals (i.e., the difference between each data point and the LOESS 
line) were calculated for each of the three metrics. If seasonal effects were present, then some 
seasons would be expected to have more positive residuals on average while other seasons would 
have more negative residuals on average. Wilcoxon Rank Sum tests were performed to 
determine if the spring residuals are statistically different than the fall residuals. A statistical 
difference between the spring and fall residuals was identified for uranium plume volume, mass, 
and average concentration at the 0.05 significance level, which indicates that these three metrics 
are influenced by seasonal effects. 
 
Nonparametric CIs were calculated for the difference between spring and fall medians. 
The results of the analysis indicate with 95% confidence that the plume volume is typically 
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1–4 million gallons greater in the spring than in the fall, the plume mass is 5–12 lb greater in the 
spring than in the fall, and the average plume concentration is 5–28 µg/L greater in the spring 
than in the fall. 
 
In response to changes in precipitation recharge, the OU III uranium plume volume has 
fluctuated between a minimum of 13.7 million gallons and a maximum of 27.6 million gallons 
from 2001 to 2023, with an average volume near 20 million gallons (Figure 22). Note that the 
volume of groundwater extracted by the GRO system represents a relatively small fraction of the 
overall water budget, so groundwater extraction has a minimal influence on plume volume 
(DOE 2019a). 
 
In 2001, OU III dissolved uranium plume mass was 35 lb (Figure 23). After 2001, the uranium 
plume mass increased to a maximum of 66 lb in spring 2008, reflecting the transfer of 
unsaturated zone uranium to groundwater, probably in response to recharge and increases in 
water table elevation. Note that from 2001 to 2008, dissolved uranium was also being removed 
from the alluvial aquifer by the PRB, extraction well pumping, and discharge to Montezuma 
Creek. The uranium plume mass was approximately 37 lb in April 2023. 
 
The OU III uranium plume average concentration LOESS line has been decreasing since 
approximately 2008 (Figure 24). The average OU III uranium plume concentration declined 
from approximately 300 µg/L in 2008 to 160 µg/L in April 2023, potentially as a result of 
uranium being removed from the aquifer in response to transpiration, extraction well pumping, 
and plume discharge to Montezuma Creek. 
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Figure 22. OU III Uranium Plume Volume Trend  
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Figure 23. OU III Uranium Plume Mass Trend 
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Figure 24. OU III Uranium Plume Average Concentration Trend
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AOA uranium plume volume, uranium plume mass, and uranium plume average concentration 
trends (Figure 25 through Figure 27) between 2014, just before GRO system installation, and 
2023 were also evaluated to assess aquifer restoration progress. The AOA uranium plume volume 
increased by approximately 0.5 million gallons between fall 2014 and spring 2015 despite GRO 
system startup in January 2015. Groundwater levels in the AOA respond to both extraction well 
field pumping and precipitation recharge, making it impossible to separate the influence of one 
from the other. Monticello’s annual precipitation was 8.7 inches (222 millimeters [mm]) in 2014 
and 17.0 inches (433 mm) in 2015, suggesting that the rise in the AOA water table elevation is 
in response to increased precipitation (DOE 2018c). After GRO system startup, the AOA plume 
volume decreased until about 2019, after which the AOA plume volume has remained variable 
between approximately 1.5–3.0 million gallons. Short-term nonpumping periods appear to have 
minimal if any effect on uranium plume volume. 
 
From 2014 through 2018, the AOA uranium plume mass decreased from a maximum of 9.7 lb to 
a minimum of 2 lb (Figure 26). Since spring 2019, the AOA uranium plume mass has generally 
been dominated by seasonal variations ranging from springtime highs up to 7.0 lb to summertime 
lows as low as 3.5 lb. Short-term nonpumping periods appear to have minimal, if any, effect on 
uranium plume mass. 
 
The AOA uranium plume average concentration declined from approximately 500 to 250 µg/L 
between 2014 and 2019 (Figure 27). As with the uranium plume mass, the reduction in uranium 
plume average concentration is a function of both declining AOA groundwater levels and 
groundwater extraction. Since 2019, the average uranium concentration in the AOA has 
stabilized in the range of approximately 250–300 µg/L, with springtime peaks in wet years. 
Short-term nonpumping periods appear to have minimal if any effect on uranium plume average 
concentration.  
 
A statistical analysis of seasonal differences was not performed for the AOA uranium plume. An 
autocorrelation analysis indicates that the number of samples should be reduced to bimonthly 
sample frequency before statistical testing to ensure statistical independence. After reducing 
the AOA dataset to bimonthly sample frequency and classifying the data points by season, 
too few data points are available for each season to perform a meaningful statistical comparison. 
Data for 8 complete seasonal cycles are available since the GRO system began operation, and an 
estimated 17 seasons of data would be needed to estimate a difference similar in magnitude to 
that detected for the OU III uranium plume as a whole.  
 
The temporal location of the center of plume mass is a bulk plume metric that characterizes the 
temporal distribution of contamination concentration within the plume. In the case of the OU III 
uranium plume, decreases in former mill site and AOA uranium concentrations in groundwater 
(Figure 12 through Figure 14) and mostly stable uranium concentrations in groundwater 
downgradient of the PRB (Figure 15) caused the center of mass (Figure 28) to move 
downgradient between 2001 and 2023.  
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Figure 25. AOA Uranium Plume Volume Trend 
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Figure 26. AOA Uranium Plume Mass Trend 
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Figure 27. AOA Uranium Plume Average Concentration Trend 
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Figure 28. OU III Uranium Plume Center of Mass Temporal Locations 
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2.6 Surface Water Uranium Concentration Trends 
 
Surface water samples were collected from 13 locations within Montezuma Creek during the 
May 2022 to April 2023 sampling period, including 10 routine semiannual monitoring locations 
and 3 nonroutine monitoring locations (SW22-01, SW22-02, and SW22-04; see Figure 29). As 
discussed in Section 1.5, the nonroutine water quality samples were collected to help address 
issues and recommendations documented for OU III in the Sixth Five-Year Review (DOE 2022a). 
Uranium results at the nonroutine sample locations are shown on Figure 29, and the full analytical 
results are provided in Appendix D. The uranium at the farthest downstream monitoring location in 
the semiannual monitoring network (SW94-01) had a uranium concentration of 106 µg/L in 
October 2022, which exceeds the surface water remediation goal of 44 µg/L. The uranium results 
at the three nonroutine sampling locations were less than the remediation goal. Uranium 
concentrations tend to be higher in the fall when there is limited runoff compared with the spring, 
so it is unlikely that concentrations higher than the remediation goal would have been detected if 
the samples were collected at a different time of year. The most upstream of the nonroutine 
monitoring locations (SW22-01) is approximately 5 miles downstream of location SW94-01. The 
stream reach between monitoring locations SW94-01 and SW22-01 is not readily accessible 
because of the steep canyon terrain, so samples at shorter distances downstream of SW94-01 were 
not collected. The nonroutine sample results indicate that uranium concentrations decrease below 
the remediation goal in Montezuma Creek along the canyon reach between monitoring locations 
SW94-01 and SW22-01. Dilution caused by inflows from Verdure Creek and Boulder Creek might 
contribute to the low uranium concentrations; however, flow rates in Montezuma Creek were low 
during the sampling event, and the results represent conditions when dilution is at a minimum. 
 
Additionally, as discussed in Section 1.5, filtered and unfiltered samples were collected at each 
of the 10 routine Montezuma Creek sampling locations during the April 2023 event to help 
distinguish the dissolved and particulate uranium fractions. This information can aid ecological 
risk evaluations because dissolved (filtered) metal results are more appropriate than total 
(unfiltered) metal results for the evaluation of exposure to strictly aquatic receptors. A paired 
Wilcoxon signed-rank test was performed to evaluate whether there is a statistical difference 
between the filtered and unfiltered uranium results. With a p value of 0.004, the filtered and 
unfiltered results were statistically different at the conventional 0.05 significance level. The 
Hodges-Lehmann estimator indicates that the filtered uranium concentration was typically 
0.5 µg/L lower than the unfiltered concentration, and the maximum difference was 2.3 µg/L 
(a difference of 11%). Although the results are statistically significant, differences of this 
magnitude are not of any practical significance; however, high snowmelt runoff in April 2023 
diluted the creek, and uranium concentrations were less than the surface water remediation goal 
of 44 µg/L at each creek location. An 11% difference could be important at the elevated uranium 
concentrations typically detected at the Sorenson location and downstream. Historical 
measurements where filtered and unfiltered samples were taken at the same location on the same 
date were identified to provide more data points for comparison. A total of 10 such samples were 
identified from the routine Montezuma Creek monitoring locations. These samples were 
collected on dates between 1994 and 1998, and the uranium results range from 87 to 291 µg/L. 
These results were combined with the April 2023 dataset, and the nonparametric statistical test 
was rerun with the augmented dataset. In this case, there was not a significant difference between 
the filtered and unfiltered results (p = 0.6). Overall, this evaluation indicates that solid-associated 
uranium does not make up an important fraction of uranium in Montezuma Creek, and the 
filtered and unfiltered samples can be used interchangeably for ecological risk evaluations. 
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Figure 29. Nonroutine Montezuma Creek Sample Locations, October 2022

■ 

Semiannual Surface Water Monitoring Location 

Nonroutine Montezuma Creek Sample Location , October 2022 
and Uranium Result (µg/L) 

Approximate OUIII Area 

Under DOE Contract 893030200LM000001 

Nonroutine Montezuma Creek Sample Locations 
October 2022 

Monticello, UT, Disposal and Processing Sites 

DAT E A~g~st 29, 2023 
FILE NAM E 

045480 



  

 
U.S. Department of Energy MMTS OU III Annual GW Report May 2022–April 2023 
 Doc. No. 44011 

Page 53 

Figure 30 shows historical Montezuma Creek uranium concentrations. Location SW00-01 
represents background concentrations and has no statistical trend by Mann-Kendall analysis. 
SW01-02, the next monitoring location downstream of location SW00-01, likewise does not have a 
statistically significant trend. The other three most upgradient surface water sample locations 
(SW01-03, SW00-02, and SW01-01) have statistically significant declining uranium concentration 
trends that have historically remained below the State of Utah surface water uranium standard of 
44 µg/L. The trend graphs for the five most-upgradient sampling locations show that uranium 
surface water concentrations increase upstream to downstream due to discharge of contaminated 
groundwater to the creek in the former mill site. At the Sorenson sampling location, uranium 
concentrations are typically above the State of Utah surface water uranium standard of 44 µg/L. 
The October 2022 and April 2023 uranium concentrations at this location were 230 and 17.8 µg/L, 
respectively. Downstream, sample results from the next four sampling locations (SW00-04, 
SW92-08, SW92-09, and SW94-01) are similar, with October 2022 concentrations between 104 to 
201 µg/L and April 2023 concentrations between 11.2 to 23.2 µg/L. There was not a statistically 
identifiable trend by Mann-Kendall analysis at the Sorenson location or any of the monitoring 
stations downstream of Sorenson. 
 
The observed uranium concentration trend with distance along the creek is related to 
groundwater discharge. Upstream, where the Dakota Sandstone is present, contaminated 
groundwater discharge to the creek is minimal and as such uranium surface water concentrations 
are relatively low. Upgradient of the Sorenson surface water sampling location, the Dakota 
Sandstone pinches out, allowing the underlying Burro Canyon Formation to come into direct 
contact with the alluvial aquifer (Section 1.2). The addition of Burro Canyon Formation water to 
the alluvial aquifer causes the uranium plume to discharge to Montezuma Creek downgradient of 
the pinch-out location. The correlation between the area where the uranium plume ends and the 
occurrence of historically elevated uranium surface water concentrations suggests that plume 
discharge, and not supplemental standard areas located adjacent to and within the creek bed, is 
responsible for the increased uranium surface water concentrations. Supplemental standard areas 
are places where mill-contaminated soils were left in place adjacent to and within Montezuma 
Creek based on cost benefit and risk analyses. For example, contaminated soils were left in place 
when removal of those soils would compromise fish and wildlife habitat and the contaminated 
soils were determined to have minimal adverse effects on human health and the environment. 
Contaminated soils were also left in place if removal costs outweighed potential benefits. 
 
Seven OU III seep locations are included in the monitoring program (Figure 31). The 
Mann-Kendall analysis indicates an increasing uranium concentration trend at Seep 6. The 
April 2023 uranium concentration at Seep 6 was 2540 µg/L. The source of the Seep 6 uranium is 
believed to be tailings-contaminated soil used in a municipal water utility corridor that contains 
sanitary sewer and secondary water lines (DOE 2009b). Seeps 1 and 2 had not been sampled 
since 2014 because they have been dry, but both were flowing in October 2022 and were 
sampled. Although uranium concentrations at Seeps 1 and 2 historically have exceeded the 
surface water remediation goal, the October 2022 results were below the uranium concentration 
goal at both seeps. Seep 5 has been dry since 2013. W3-03, W3-04, Seep 2, and Seep 3 have 
statistically decreasing uranium concentration trends by Mann-Kendall analysis, whereas Seep 1 
has no statistically identifiable trend. The most recent uranium concentration measurements at 
Seep 3, Seep 5, W3-03, and W3-04 were below the State of Utah surface water uranium standard 
of 44 µg/L (Figure 31). 
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Figure 30. OU III Surface Water Uranium Concentration Trends 
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Figure 31. OU III Seep Uranium Concentration Trends 
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3.0 Compliance Remedy Performance Summary 
 
The current OU III remedy is MNA and active remediation with ICs. MNA relies on natural 
physical and chemical processes in soil and groundwater to reduce uranium mass in the 
subsurface. Because of a long radioactive half-life (245,500 years for uranium-234 and 
4.5 billion years for uranium-238), the only natural attenuation mechanisms available to reduce 
OU III subsurface uranium concentration are discharge to Montezuma Creek, dispersion along 
the plume flow path, sorption, and mineral precipitation due to changing geochemical conditions. 
This evaluation examined uranium groundwater concentrations and bulk plume metrics to 
characterize uranium attenuation progress (aquifer restoration) in OU III and the AOA and 
whether there are physical and chemical processes that may impede the remedy’s efficiency. In 
addition, the annual extraction volumes and uranium mass removed by the GRO system were 
evaluated to characterize the system performance. 
 
With respect to OU III groundwater: 
 
Seasonal patterns of plume volume, mass, and average concentration are apparent, with spring 
highs and fall lows. Mixing of spring snowmelt and rainfall infiltration with uranium stored in 
the unsaturated zone can cause dissolved plume mass and average plume concentration to 
increase relative to fall conditions (Figure 23 and Figure 24). Springtime infiltration of snowmelt 
that leaches uranium stored in the unsaturated zone caused uranium plume mass to increase 
significantly in wet years. The rapid increase in uranium plume mass between fall and spring 
suggests how rapidly springtime infiltration mobilizes uranium stored in the unsaturated zone, 
and the rapid decrease in uranium plume mass between spring and fall indicates how effective 
natural attenuation mechanisms are at removing uranium from groundwater.  
 
From 2008 to 2023, uranium plume mass and average concentration have steadily declined, 
whereas plume volume was variable during this period (Figure 22 through Figure 24). Over the 
15-year period, OU III uranium plume mass declined from a maximum of 66 lb in 2008 to 37 lb 
in April 2023. Similarly, the OU III uranium plume average concentration declined from 
approximately 300 µg/L in 2008 to 164 µg/L in April 2023. The declining trends of the uranium 
plume mass and average concentration show that OU III alluvial aquifer water quality improved 
from 2008 to 2023 as a result of active remediation and natural attenuation processes. 
 
With respect to the AOA groundwater and GRO performance: 
 
Since becoming operational in 2015, the GRO system has removed approximately 29.1 million 
gallons of contaminated groundwater containing approximately 146 lb of uranium (Figure 9). 
The maximum AOA uranium plume pore volume was 3.1 million gallons. Based on the 
maximum plume volume and assuming all the groundwater extracted by the GRO system was 
plume water, the GRO system has removed 9.4 AOA plume pore volumes since beginning 
operation in 2015. Based on the 2014 AOA uranium plume pore volume of 2.3 million gallons, 
the GRO system has removed 12.7 pore volumes since 2015. Before GRO system startup in 
January 2015, the AOA plume contained approximately 9.5 lb of dissolved uranium. At the 
conclusion of this performance period, in April 2023, the average dissolved uranium mass in the 
AOA plume was 7.0 lb, a reduction of 2.5 lb relative to initial conditions. The discrepancy 
between the AOA uranium plume mass reduction (2.5 lb) and the mass of uranium removed by 
the GRO system (146 lb) since January 2015 results because there is significant (approximately 
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1400 lb) solid-phase uranium remaining in the AOA that continues to feed the plume. In 
addition, the margins of the mill site vadose zone and a supplemental standards area south of the 
AOA continue to provide uranium to groundwater at the margins of the aquifer seasonally 
following snowmelt events. From 2014 to 2019, AOA uranium plume volume, mass, and 
average concentration decreased; however, from 2019 to 2023, the AOA plume volume, mass, 
and average concentration have remained variable due to seasonal fluctuations (Figure 25, 
Figure 26, and Figure 27). 
 
With respect to the bedrock aquifer: 
 
May 2022 through April 2023 Burro Canyon Formation water quality results are all below the 
OU III groundwater remediation goals. For bedrock wells on a 5-year sampling frequency, 
there were exceedances of arsenic (358 µg/L in October 2021) and manganese (891 µg/L in 
October 2021) in monitoring well 31NE93-205 (Appendix B). The 2021 measured arsenic and 
manganese concentrations are consistent with historical concentrations dating back to 1995.  
 
With respect to OU III surface water:  
 
Surface water uranium concentrations in the upper reaches of Montezuma Creek, above the 
Sorenson sampling location (Figure 6), where contaminated groundwater discharge to the creek 
is minimal relative to the downstream reaches, are declining and remain below the State of Utah 
surface water uranium standard of 44 µg/L (Figure 30). From the Sorenson sampling location 
and farther downstream, uranium surface water concentrations were 104–230 µg/L in 
October 2022 and 11.2–23.2 µg/L in April 2023. The April 2023 uranium results are lower than 
the October 2022 results because of significant snowmelt runoff diluting the creek concentrations 
in April. Contaminated groundwater discharging to this portion of Montezuma Creek is primarily 
responsible for the uranium measured at these surface water sampling locations. Montezuma 
Creek water quality will improve as OU III groundwater quality improves. Nonroutine surface 
water samples collected in October 2022 indicate that uranium concentrations decrease below the 
remediation goal in Montezuma Creek along the canyon reach between locations SW94-01 and 
SW22-01 (Figure 29). 
 
Six of the seven seep locations (Figure 6) have declining or stable uranium concentration trends 
(Figure 31). An increasing uranium concentration trend was identified at Seep 6. The source of 
the Seep 6 uranium is believed to be tailings-contaminated soil used in a municipal water utility 
corridor that contains sanitary sewer and secondary water lines (DOE 2009b). One seep location 
(Seep 5) was dry during sampling events conducted this performance period. 
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Arsenic 
 

Groundwater Remediation Goal: 10 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

OU III Monitoring Wells Having Arsenic Concentrations 
Above the Remediation Goal This Performance Period 

 

Well Sample 
Date 

Arsenic 
Concentration 

(µg/L) 
88-85 10/13/2022 16.5 

88-85 4/19/2023 15.3 

92-07 10/12/2022 13.5 

92-07 4/19/2023 11.6 

92-07 4/19/2023 12.7 

92-11 10/12/2022 16.7 

92-11 10/12/2022 16.9 

92-11 4/19/2023 16.8 

92-11 4/19/2023 17.8 

MW-06 8/3/2022 15.8 

MW-06 4/18/2023 14.3 

MW-07 8/3/2022 12.4 

MW-07 4/18/2023 10.7 

MW-09 4/18/2023 12.4 

MW-10 8/3/2022 12.4 

MW-10 4/18/2023 12.4 

MW-12 8/3/2022 13.1 

MW-12 4/18/2023 13.3 

MW-12 4/18/2023 12.9 

MW-13 8/3/2022 15.1 

MW-13 4/18/2023 13.7 

MW-13 4/18/2023 13.9 

MW-14 8/2/2022 14.7 

MW-14 4/18/2023 14 

MW-15 8/2/2022 19.1 
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MW-15 4/18/2023 17.6 

MW-16 8/2/2022 18 

MW-16 4/18/2023 16.4 

MW-18 8/2/2022 17.2 

MW-18 4/17/2023 15.5 

MW-19 8/2/2022 16.5 

MW-19 4/17/2023 15.2 

MW-20 4/17/2023 16.3 

MW-23 8/2/2022 17.4 

MW-23 8/2/2022 18.4 

MW-23 4/18/2023 13 

PW-10 4/19/2023 11.9 

PW-17 10/12/2022 15.4 

PW-17 4/19/2023 11.7 

R1-M3 10/12/2022 17.5 

R1-M3 4/19/2023 16.9 

R1-M4 10/12/2022 15.6 

R1-M4 4/19/2023 16.5 

T00-04 10/13/2022 10.1 

T01-01 10/13/2022 11.3 

T01-01 4/19/2023 10.6 

T01-02 10/13/2022 20.1 

T01-02 4/18/2023 21.8 

T01-04 10/13/2022 19.7 

T01-04 4/18/2023 25.9 

T01-05 10/13/2022 19.6 

T01-05 4/18/2023 26.3 

T01-07 4/18/2023 17.9 

T01-12 4/19/2023 14.8 

T01-19 10/13/2022 10.7 

T01-19 4/18/2023 14.8 

T01-25 10/14/2022 10.2 

T01-35 10/13/2022 14.3 

T01-35 4/18/2023 25.4 
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Manganese 
 

Groundwater Remediation Goal: 880 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

OU III Monitoring Wells Having Manganese Concentrations 
Above the Remediation Goal This Performance Period 

 

Well Sample Date 
Manganese 

Concentration 
(µg/L) 

T01-13 10/14/2022 1710 
T01-18 10/13/2022 1950 
T01-19 10/13/2022 2910 
T01-19 4/18/2023 2360 
T01-20 10/14/2022 2520 
T01-25 10/14/2022 1940 
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Molybdenum 
 

Groundwater Remediation Goal: 100 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

OU III Monitoring Wells Having Molybdenum Concentrations 
Above the Remediation Goal This Performance Period 

 

Well Sample Date 
Molybdenum 

Concentration 
(µg/L) 

MW-03 4/18/2023 127 
MW-04 4/18/2023 196 
MW-08 8/3/2022 163 
MW-08 4/19/2023 164 
MW-17 4/18/2023 169 
MW-21 4/18/2023 101 
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Nitrate as Nitrogen (N) 
 

Groundwater Remediation Goal: 10,000 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

OU III Monitoring Wells Having Nitrate Concentrations 
Above the Remediation Goal This Performance Period 

 

Well Sample Date 
Nitrate as N 

Concentration 
(µg/L) 

0200 4/19/2023 37,900 
MW-18 4/17/2023 13,700 
MW-19 4/17/2023 11,800 
PW-28 4/19/2023 28,000 
PW-28 4/19/2023 27,200 
R1-M4 4/19/2023 11,800 
T01-07 4/18/2023 27,500 
T01-12 4/19/2023 17,300 
T01-35 4/18/2023 15,000 
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Selenium 
 

Groundwater Remediation Goal: 50 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

OU III Monitoring Wells Having Selenium Concentrations 
Above the Remediation Goal This Performance Period 

 

Well Sample 
Date 

Selenium 
Concentration 

(µg/L) 
0200 10/12/2022 106 

0200 4/19/2023 53.4 

88-85 4/19/2023 71.8 

92-07 4/19/2023 83.4 

92-07 4/19/2023 87.3 

MW-01 4/18/2023 60.2 

MW-04 4/18/2023 75 

MW-06 8/3/2022 56.5 

MW-06 4/18/2023 61.7 

MW-07 8/3/2022 57.2 

MW-07 4/18/2023 103 

MW-09 4/18/2023 94.8 

MW-10 8/3/2022 111 

MW-10 4/18/2023 70.9 

MW-11 8/3/2022 54.1 

MW-12 4/18/2023 72.2 

MW-12 4/18/2023 71.2 

MW-13 8/3/2022 50.5 

MW-13 4/18/2023 103 

MW-13 4/18/2023 94.5 

MW-14 4/18/2023 91.5 

MW-15 4/18/2023 69.4 

MW-16 4/18/2023 80.3 

MW-18 4/17/2023 67.7 

MW-19 4/17/2023 71 
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MW-20 4/17/2023 54.9 

MW-22 4/18/2023 68.5 

PW-10 4/19/2023 70.5 

PW-17 4/19/2023 71.5 

PW-28 4/19/2023 55.9 

PW-28 4/19/2023 56.1 

R1-M3 4/19/2023 70.7 

R1-M4 4/19/2023 69.1 

R10-M1 4/19/2023 70.8 

T01-02 4/18/2023 53.8 

T01-04 4/18/2023 77.9 

T01-05 4/18/2023 80.5 

T01-07 4/18/2023 53.4 

T01-12 4/19/2023 56.2 

T01-35 4/18/2023 59.5 
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Vanadium 
 

Groundwater Remediation Goal: 330 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

OU III Monitoring Wells Having Vanadium Concentrations 
Above the Remediation Goal This Performance Period 

 

Well Sample 
Date 

Vanadium 
Concentration 

(µg/L) 
88-85 10/13/2022 391 
92-07 10/12/2022 378 
92-11 10/12/2022 375 
92-11 10/12/2022 366 
R1-M3 10/12/2022 428 
T01-02 10/13/2022 348 
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Appendix B 
 

Bedrock Concentration Trends 
May 2022–April 2023 

 
Arsenic, Manganese, Molybdenum, Nitrate, 

Selenium, Uranium, Vanadium 
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Arsenic 
 

Groundwater Remediation Goal: 10 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

None of the OU III Bedrock Monitoring Wells Have Arsenic Concentrations 
Above the Remediation Goal for This Performance Period 

 
Note: Bedrock wells 31NE93-205, 95-06, and 95-07 with a 5-year sampling 

frequency were not sampled during the May 2022 through April 2023 
performance period. 
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Manganese 
 

Groundwater Remediation Goal: 880 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

None of the OU III Bedrock Monitoring Wells Have Arsenic Concentrations 
Above the Remediation Goal for This Performance Period 

 
Note: Bedrock wells 31NE93-205, 95-06, and 95-07 with a 5-year sampling 

frequency were not sampled during the May 2022 through April 2023 
performance period. 
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Molybdenum 
 

Groundwater Remediation Goal: 100 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

None of the OU III Bedrock Monitoring Wells Have Molybdenum Concentrations 
Above the Remediation Goal for This Performance Period 

 
Note: Bedrock wells 31NE93-205, 95-06, and 95-07 with a 5-year sampling 

frequency were not sampled during the May 2022 through April 2023 
performance period. 
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Nitrate as Nitrogen (N) 
 

Groundwater Remediation Goal: 10,000 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

None of the OU III Bedrock Monitoring Wells Have Nitrate Concentrations 
Above the Remediation Goal for This Performance Period 

 
Note: Bedrock wells 31NE93-205, 95-06, and 95-07 with a 5-year sampling 

frequency were not sampled during the May 2022 through April 2023 
performance period. 
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Selenium 
 

Groundwater Remediation Goal: 50 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

None of the OU III Bedrock Monitoring Wells Have Selenium Concentrations 
Above the Remediation Goal for This Performance Period 

 
Note: Bedrock wells 31NE93-205, 95-06, and 95-07 with a 5-year sampling 

frequency were not sampled during the May 2022 through April 2023 
performance period. 
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Uranium 
 

Groundwater Remediation Goal: 30 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

None of the OU III Bedrock Monitoring Wells Have Uranium Concentrations 
Above the Remediation Goal for This Performance Period 

 
Note: Bedrock wells 31NE93-205, 95-06, and 95-07 with a 5-year sampling 

frequency were not sampled during the May 2022 through April 2023 
performance period. 
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Vanadium 
 

Groundwater Remediation Goal: 330 µg/L 
 

Sample Locations Are Shown in Figure 6 
 
 

None of the OU III Bedrock Monitoring Wells Have Vanadium Concentrations 
Above the Remediation Goal for This Performance Period 

 
Note: Bedrock wells 31NE93-205, 95-06, and 95-07 with a 5-year sampling 

frequency were not sampled during the May 2022 through April 2023 
performance period. 
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Appendix C 
 

Surface Water and Seep Concentration Trends 
May 2022–April 2023 

 
Arsenic, Nitrate, Selenium 
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Arsenic 
 

Surface Water Remediation Goal: 10 µg/L 
 

Sample Locations Are Shown in Figure 6 
 

Seep 5 Was Not Sampled for Arsenic This Performance Period 
 
 

OU III Surface Water and Seep Locations Having Arsenic 
Concentrations Above the Remediation Goal This Performance Period 

 

Location Sample 
Date 

Arsenic 
Concentration 

(µg/L) 
Seep 3 4/19/2023 11.5 
Seep 6 4/18/2023 12.2 
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Nitrate as Nitrogen (N) 
 

Surface Water Remediation Goal: 4,000 µg/L 
 

Sample Locations Are Shown in Figure 6 
 

Seep 5 Was Not Sampled for Nitrate This Performance Period 
 
 

OU III Surface Water and Seep Locations Having Nitrate 
Concentrations Above the Remediation Goal This Performance Period 

 

Location Sample 
Date 

Nitrate as N 
Concentration 

(µg/L) 
Seep 3 10/14/2022 26,600 
Seep 3 4/19/2023 29,900 
Seep 6 4/18/2023 36,900 
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Selenium 
 

Groundwater Remediation Goal: 5 µg/L 
 

Sample Locations Are Shown in Figure 6 
 

Seep 5 Was Not Sampled for Selenium This Performance Period 
 
 

OU III Surface Water and Seep Locations Having Selenium 
Concentrations Above the Remediation Goal This Performance Period 

 

Location Sample 
Date 

Selenium 
Concentration 

(µg/L) 
Seep 3 10/14/2022 41.7 
Seep 3 4/19/2023 50.9 
Seep 6 4/18/2023 21.9 
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Appendix D 
 

Nonroutine Surface Water Sample Results, October 2022 
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Location Analyte Sample 
Date Result Detection 

Limit Qualifiers Units 

SW22-01 Alkalinity, Total (As CaCO3) 10/11/2022 202     mg/L 
SW22-01 Arsenic 10/11/2022 3.41 2 B µg/L 
SW22-01 Calcium 10/11/2022 89.9 0.05   mg/L 
SW22-01 Chloride 10/11/2022 33.3 6.7   mg/L 
SW22-01 Dissolved Oxygen 10/11/2022 7.79     mg/L 
SW22-01 Fluoride 10/11/2022 0.229 0.033   mg/L 
SW22-01 Iron 10/11/2022 0.03 0.03 U mg/L 
SW22-01 Magnesium 10/11/2022 18.6 0.11   mg/L 
SW22-01 Manganese 10/11/2022 179 2   µg/L 
SW22-01 Molybdenum 10/11/2022 4.86 0.2   µg/L 
SW22-01 Nitrate + Nitrite as Nitrogen 10/11/2022 17 17 U µg/L 
SW22-01 Oxidation Reduction Potential 10/11/2022 103.1     mV 
SW22-01 pH 10/11/2022 7.55     s.u. 
SW22-01 Potassium 10/11/2022 7.9 0.05   mg/L 
SW22-01 Selenium 10/11/2022 1.5 1.5 U µg/L 
SW22-01 Sodium 10/11/2022 53.6 0.1 B mg/L 
SW22-01 Specific Conductance 10/11/2022 797     µmhos/cm 
SW22-01 Sulfate 10/11/2022 186 13.3   mg/L 
SW22-01 Temperature 10/11/2022 14.806     C 
SW22-01 Turbidity 10/11/2022 79     NTU 
SW22-01 Uranium 10/11/2022 9.5 0.067   µg/L 
SW22-01 Vanadium 10/11/2022 1 1 U µg/L 
SW22-02 Alkalinity, Total (As CaCO3) 10/11/2022 74.242     mg/L 
SW22-02 Arsenic 10/11/2022 2.97 2 B µg/L 
SW22-02 Calcium 10/11/2022 25.2 0.05   mg/L 
SW22-02 Chloride 10/11/2022 1.57 0.134   mg/L 
SW22-02 Dissolved Oxygen 10/11/2022 6.51     mg/L 
SW22-02 Fluoride 10/11/2022 0.0779 0.033 J mg/L 
SW22-02 Iron 10/11/2022 0.0391 0.03 B mg/L 
SW22-02 Magnesium 10/11/2022 3.88 0.11 B mg/L 
SW22-02 Manganese 10/11/2022 25.5 2   µg/L 
SW22-02 Molybdenum 10/11/2022 1.22 0.2 B µg/L 
SW22-02 Nitrate + Nitrite as Nitrogen 10/11/2022 275 17   µg/L 
SW22-02 Oxidation Reduction Potential 10/11/2022 79.8     mV 
SW22-02 pH 10/11/2022 7.59     s.u. 
SW22-02 Potassium 10/11/2022 5.13 0.05   mg/L 
SW22-02 Selenium 10/11/2022 1.5 1.5 U µg/L 
SW22-02 Sodium 10/11/2022 7.95 0.1 B mg/L 
SW22-02 Specific Conductance 10/11/2022 202.9     µmhos/cm 
SW22-02 Sulfate 10/11/2022 11.1 0.266   mg/L 
SW22-02 Temperature 10/11/2022 16.971     C 
SW22-02 Turbidity 10/11/2022 1000     NTU 
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Location Analyte Sample 
Date Result Detection 

Limit Qualifiers Units 

SW22-02 Uranium 10/11/2022 0.246 0.067   µg/L 
SW22-02 Vanadium 10/11/2022 2.35 1 B µg/L 
SW22-04 Alkalinity, Total (As CaCO3) 10/11/2022 72     mg/L 
SW22-04 Arsenic 10/11/2022 4.45 2 B µg/L 
SW22-04 Calcium 10/11/2022 23.6 0.05   mg/L 
SW22-04 Chloride 10/11/2022 1.03 0.067   mg/L 
SW22-04 Dissolved Oxygen 10/11/2022 7.18     mg/L 
SW22-04 Fluoride 10/11/2022 0.194 0.033   mg/L 
SW22-04 Iron 10/11/2022 0.03 0.03 U mg/L 
SW22-04 Magnesium 10/11/2022 3.1 0.11 B mg/L 
SW22-04 Manganese 10/11/2022 8.9 2 B µg/L 
SW22-04 Molybdenum 10/11/2022 0.949 0.2 B µg/L 
SW22-04 Nitrate + Nitrite as Nitrogen 10/11/2022 117 17   µg/L 
SW22-04 Oxidation Reduction Potential 10/11/2022 79.7     mV 
SW22-04 pH 10/11/2022 7.6     s.u. 
SW22-04 Potassium 10/11/2022 3.26 0.05 B mg/L 
SW22-04 Selenium 10/11/2022 1.5 1.5 U µg/L 
SW22-04 Sodium 10/11/2022 2.34 0.1 B mg/L 
SW22-04 Specific Conductance 10/11/2022 164.1     µmhos/cm 
SW22-04 Sulfate 10/11/2022 3.12 0.133   mg/L 
SW22-04 Temperature 10/11/2022 19.635     C 
SW22-04 Turbidity 10/11/2022 232     NTU 
SW22-04 Uranium 10/11/2022 0.269 0.067   µg/L 
SW22-04 Vanadium 10/11/2022 6.29 1 B µg/L 

Notes: 
Qualifiers: B = result is between the instrument detection limit and the contract reporting detection limit; J = estimated 
value; U = not detected 
 
Abbreviations: 
C = Celsius 
µmhos/cm = micromhos per centimeter 
mV = millivolts 
NTU = nephelometric turbidity units 
s.u. = standard unit 
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