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BUKA ENVIRONMENTAL 
Telluride, CO 81435 USA 
001.303.324.6948/aamaest@gmail.com 
www.buka-environmental.com  
 


MEMORANDUM 
 
To: Susan Gordon, MASE, and the Bluewater Valley Downstream Alliance 
From: Ann Maest, PhD; Buka Environmental 
Date:   7 April 2023 
Re: San Andres-Glorieta aquifer characteristics and the unaccounted for, off-site effects of the 


Homestake NPL Site  


1. Introduction 
The San Andres-Glorieta (SAG) aquifer is the primary water source for municipal, industrial, and 
irrigation uses by the Village of Milan, the City of Grants, the Pueblo of Acoma, and numerous 
private well owners (NMED, 2021), and is a highly valued regional aquifer in a water-limited state. 
It also provides an alternative drinking water source for residents living near the Homestake 
Mining Company (HMC) Superfund site (the Site) and was once a reliable source of irrigation for 
potatoes and other crops cultivated by members of the Bluewater Valley Downstream Alliance 
and the Murray Acres Irrigation Association (De Pree, 2019). In 2009 the New Mexico Office of 
the State Engineer issued a health advisory that cautioned current and future owners and users 
of private wells in the San Mateo Creek basin that their well water could contain contaminant 
concentrations in excess of federal drinking water standards (US EPA, 2016).  


The SAG aquifer is overlain by the Chinle Formation on the Site, as shown in Figure 1. The SAG 
subcrop, located southwest of the Site and west of the West Fault, is where saturated alluvium 
directly overlies the SAG aquifer. The potential for contamination of SAG groundwater by 
contaminated alluvium is elevated on and off the Site, especially at and around the SAG subcrop. 
 
This memorandum, written on behalf of the Bluewater Downstream Alliance (BVDA) and the 
Multicultural Alliance for a Safe Environment (MASE), provides a summary of the 2022 SAG 
characterization report (HDR, 2022) and an alternate interpretation of the potential for transport 
of contaminated alluvial groundwater to the SAG aquifer. The memorandum also discusses 
Homestake’s extensive use of the SAG aquifer for Site remediation and how previously 
unaccounted for contributions from the San Mateo Creek alluvium beneath the Site have 
influenced offsite water quality in the Rio San Jose alluvium and potentially in downgradient 
portions of the SAG aquifer. It concludes with a Summary and Recommendation section and a list 
of References Cited. 
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Figure 1. Hydrogeologic cross-section showing the SAG aquifer southwest of the subdivisions. 
Note that the SAG aquifer subcrops under saturated alluvium west of the West Fault. 
 


 
Source: HDR, 2020, Fig. 2-6. 


2. Review of the SAG Aquifer Characterization Report 
Homestake and its consultant, HDR, released a report entitled Characterization of the San 
Andres-Glorieta Aquifer at Homestake Mining Company Superfund Site, Grants, New Mexico, on 
March 31, 2022 (HDR, 2022). The report is light on interpretation and primarily presents the 
results of hydrogeologic and geophysical studies conducted in and near the subcrop of the SAG 
aquifer (e.g., Arcadis, 2018; HMC, 2012; HMC and Hydro-Engineering, 2010). The report includes 
limited water quality information for two new SAG aquifer wells. The stated purpose of the study 
is to evaluate the hydraulic connection between the SAG and the alluvial aquifer and update the 
conceptual site model (CSM) and the groundwater flow and solute transport model (HDR, 2022, 
pg. 1). However, it fails to directly address the increased potential for contamination from the 
Site to reach the SAG aquifer subcrop via the San Mateo Creek and Rio Lobo alluvial groundwater. 
 
The SAG aquifer comprises two aquifers: the shallower limestone San Andres aquifer and the 
deeper sandstone Glorieta aquifer. Both sub-aquifers are highly transmissive (can hold and move 
large volumes of groundwater) and therefore are important sources of municipal water supply 
for the entire region downgradient of the San Mateo Creek Basin. The SAG aquifer is the primary 
drinking water source for the Village of Milan and the City of Grants. The aquifer also recharges 
the Rio San Jose, which runs east from Bluewater and through the downstream communities of 
Acoma and Laguna. Acoma and Laguna used the waters of the Rio San Jose stream system to 
irrigate their agricultural lands long before the advent of uranium production in the San Mateo 
Creek Basin (Wolf, 2016). 
 
Throughout most of the San Mateo Creek Basin, the SAG aquifer is separated from the shallow 
San Mateo Creek alluvium by Chinle aquifers; however, the SAG subcrop is the area where the 
SAG aquifer directly underlies the alluvial aquifer, as shown in Figure 1. The presence of a SAG 
“subcrop” below an alluvial aquifer known to be contaminated from the Homestake and the 
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Bluewater Disposal sites increases the potential for contamination of the SAG aquifer by the 
overlying alluvial aquifer. 
 
2.1 Field Investigation 
The following field investigations were conducted as part of the SAG aquifer characterization 
study: 


• Drilled three new borings in the alluvial aquifer (OB-1, -2, and -3) and developed two new 
SAG aquifer wells, SAG-1 and SAG-2 


• Conducted lithologic sampling and groundwater level measurements in the alluvial aquifer 
• Installed bedrock casing and conducted bedrock coring, transmissivity profiling, and 


borehole geophysics for the bedrock/SAG aquifer 
• Measured synoptic (conducted at approximately the same time) groundwater levels in the 


SAG and alluvial aquifers 
• Sampled geochemistry and mineralogy of the aquifer solids and conducted limited 


groundwater quality sampling in the SAG aquifer wells at different levels 
• Completed geophysical surveys. 


 
The aim of the Revised CSM described in the HDR (2022) report was to better define the SAG 
subcrop area, assess if the alluvium is dry above it, and report on the physical and water 
transmitting properties, mineralogy, and groundwater geochemistry of the SAG aquifer. The 
revised CSM addresses the SAG subcrop area, finds that the overlying alluvium is not dry, and 
discusses groundwater flow directions in the alluvial, Chinle, and SAG aquifers. However, the 
report does not include an interpretation of the potential for contaminated alluvial groundwater 
to affect the SAG aquifer or identify the source(s) of the contaminated alluvial groundwater that 
could reach the SAG aquifer. Of importance to BVDA and MASE is whether contamination coming 
from the Homestake Mill Site is or could adversely affect the SAG aquifer groundwater quality. 
 
2.2 Groundwater Elevations, Flow Directions, and Water Quality 
Groundwater elevations were measured at different depths in the two newly installed FLUTeTM 
multiport monitoring wells in the SAG aquifer, SAG-1 and SAG-2. However, the samplings were 
conducted on three different dates: February 18, February 26, and April 5, 2021. The water levels 
showed variable upward and downward groundwater gradients, but the gradients were mostly 
downward and significantly downward at depth, especially in well SAG-2. Groundwater levels 
were measured synoptically in the three newly installed wells, OB-1, OB-2, and OB-3, and in 
several existing nearby alluvial wells (657, 647, 658, 553, and 554). Synoptic sampling takes place 
at approximately the same time, and the results are used to help determine groundwater flow 
directions and gradients in the alluvial and SAG aquifers.  
 
The groundwater flow directions in the alluvial aquifers are shown in Figure 2. The San Mateo, 
Rio San Jose, and Rio Lobo aquifers are labelled, and the blue arrows indicate alluvial 
groundwater flow directions. I added the red arrows to emphasize that alluvial groundwater 
flows from the Large Tailings Pile (LTP) area to the subdivisions and around the bedrock high 
(stippled area) into the Rio San Jose Aquifer. Although the combined flow is mentioned in the 
text, the figure as drawn in the HDR (2022) report suggests that all contamination flowing into 







4 


the Rio San Jose aquifer derives from the Bluewater Site. Instead, alluvial groundwater 
contaminated by the Homestake Site in the San Mateo Creek and Rio Lobo alluvium joins with 
alluvial groundwater from the Bluewater Site and flows into the Rio San Jose Aquifer (see Section 
5 of this memorandum). 
 
Wells OB-1, OB-2, OB-3 were drilled through the alluvium to the top of bedrock. According to the 
HDR (2022) report (p. 28), “The boring logs show the alluvium in each boring was saturated below 
the basalt. These data show the alluvium is not dry above the contact with the SAG in this portion 
of the alluvium.” Wells OB-1 and OB-2 have alluvium directly overlying the upper SAG aquifer, 
while Well OB-3 is located east of the West Fault in alluvium that directly overlies the Chinle 
Formation.  
 
Figure 2. Groundwater elevations and flow directions (blue arrows; red arrows added) in the 
three alluvial aquifers on and near the Site. Groundwater from the San Mateo and Rio Lobo 
aquifers flows toward and mixes with the Rio San Jose Aquifer near the location of the SAG 
subcrop. 


 
Source: Modified from HDR, 2022; Figure 2-3. 
 
Well OB-1 was initially believed to be screened in saturated alluvial sand below basalt and above 
the SAG subcrop, but the sandy material was later confirmed to be in the weathered, 
unconsolidated portion of the upper SAG limestone (HDR, 2022, pg. 8). The screened interval for 
OB-1 is 111.5 to 131.4 ft in weathered SAG limestone, while OB-2 and OB-3 were screened in 
saturated Rio San Jose alluvium below basalt and above the SAG aquifer and the Chinle 
Formation, respectively (HDR, 2022, Appendix B). Even though OB-1 was screened in weathered 
SAG limestone, that material underlies saturated Rio San Jose alluvium and essentially acts as 
saturated alluvium directly above the more indurated part of the SAG aquifer. The boring log for 
well OB-1 shows that some saturated alluvium exists below basalt and above the weathered SAG 
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material. Although a groundwater elevation was recorded for well OB-1, it was reported as “dry” 
in May 2021 (HDR, 2022, Table 3-4). 
 
A groundwater low (sink) was found around the new alluvial well OB-2, which is located directly 
above the SAG subcrop, as shown in Figure 3. Alluvial groundwater in this area has an inward 
hydraulic gradient, which shows the effects of the vertical groundwater movement from the 
alluvial aquifer to the underlying San Andres limestone (upper part of the SAG aquifer). According 
to the HDR (2022) report (p. 28), “These data show the area around Well OB-2 is likely a 
groundwater sink or groundwater is collecting in this area and migrating vertically through the 
alluvium to the underlying bedrock.” Because no water quality samples were collected from OB-
2, no information is available on the potential water quality effects of the groundwater sink on 
the underlying SAG aquifer.  
 
Figure 3. Alluvial groundwater sink located near SAG aquifer subcrop. The blue contours are the 
alluvial-SAG interface, not groundwater elevations. Yellow highlighted wells are alluvial wells 
determined to be upgradient of the groundwater sink at OB-2; green-highlighted wells are the 
new alluvial borings OB-1, -2, and -3, and blue-highlighted wells are the new SAG aquifer wells, 
SAG1 and SAG2. The dark blue arrows were added to the figure to show the direction of 
groundwater flow described in the HDR (2022) report. The log for OB-2 shows it to be over the 
SAG subcrop, although it is not shown as such in the figure. 


 
Source: Modified from HDR, 2022; Figure 3-1. 
 
Groundwater quality results are presented for wells SAG-1 and SAG-2, which were sampled at 
multiple depths each (HDR, 2022, pg. 20). The two new SAG wells (SAG-1 and SAG-2) were 
monitored for the presence of reducing conditions using dissolved oxygen, ferrous iron (reduced 
dissolved iron, or Fe2+), ammonia, and nitrate. The upper portions of both wells had higher 
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dissolved oxygen (DO) concentrations (HDR, 2022, Figure 3-13). The results for other parameters 
in well SAG-1 were more erratic (HDR, 2022, Table 3-13), but results for SAG-2 showed that the 
ferrous iron value increased with depth. More oxidizing conditions promote the migration of 
uranium, and pumping of the SAG aquifer for remediation (discussed in Sections 3 and 4) could 
enhance the downgradient transport of uranium (Smedley and Kinniburgh, 2023)).  
 
No groundwater quality samples were collected or reported for the new OB wells. The OB wells 
are screened in the weathered SAG aquifer (OB-1) or in Rio San Jose alluvial sand (OB-2 and OB-
3). Water quality samples could and should have been collected, analyzed, and reported in HDR 
(2022) in this important part of the site. One groundwater elevation point is shown in the 
outlined subcrop area in Figure 3, but the well ID is not presented in the HDR (2022) report. In 
addition, it is clear from the report and the well logs presented in Appendices A and B of the HDR 
report that the new alluvial well OB-2 is completed in an area where the alluvium directly overlies 
the SAG aquifer. However, the subcrop outline is not extended to this location, as shown in 
Figure 3.  
 
More information is needed on the water quality in the new alluvial wells, especially for OB-1 and 
OB-2, which are located directly above the SAG subcrop or in a highly weathered portion of the 
upper SAG aquifer (OB-1). In addition, more work is needed to identify potential flow paths from 
the San Mateo and Rio San Jose alluvial aquifers to the SAG subcrop. Ideally, additional alluvial 
wells should be carefully developed in the SAG subcrop area. At least 100 ft of alluvium and 
basalt overlie the SAG aquifer at OB-1 and OB-2, although only the lower most portions of the 
alluvium under the basalt were saturated during the construction of the wells. 
 
2.3 Aquifer Characteristics and Revised SAG Subcrop Extent 
The aquifer material in the newly developed SAG wells (SAG-1 and SAG-2) had numerous 
transmissive fractures, high transmissivity, and fairly high bulk hydraulic conductivity. The SAG-1 
well had somewhat higher transmissivity and bulk conductivity than the SAG-2 well (9000 vs 5700 
gallon per day/ft transmissivity and 5 vs 3.7 ft/day hydraulic conductivity, respectively). These 
results confirm the importance of the SAG aquifer as a regional groundwater supply. 
 
Geochemical and mineralogic characteristics were examined in the alluvial, Chinle, and SAG 
aquifers. The San Andres limestone consists of an upper limestone layer, middle calcareous 
sandstone, and a lower dolomitic limestone. The unit is moderately fractured and weathered.  
The underlying Glorieta sandstone is well-sorted (grains are of similar size). The upper strata are 
cemented with silica, and the lower strata are soft and friable with calcite cement in places. 
Organic carbon and pyrite show reducing conditions in both units of the SAG aquifer. The 
porosity is more variable in the San Andres limestone than in the Glorieta sandstone (3-34% vs. 
11-15%), but the geomeans are both 13% porosity.  
 
The information collected on the aquifers, including mineralogic, geochemical, and hydrogeologic 
characteristics, in addition to water quality assessments, will be used, according to the HDR 
report (p. 20), to support future chemical transport assessments for the SAG aquifer.  
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The SAG aquifer subcrop area was found to be larger than previously thought, and the subcrop 
area needs to be further expanded to include OB-2. The revised extent of the SAG subcrop is 
shown in Figure 3. The subcrop area is described as being hydraulically downgradient of the 
Homestake Mining Company Superfund Site (HDR, 2022, p. 1). However, not enough information 
is presented in the report to determine the impact of ongoing seepage from Homestake’s tailings 
piles and evaporation ponds on SAG aquifer water quality in the future if the operation and 
maintenance of the hydraulic barrier is discontinued.  


3. Use of SAG Aquifer Water for Site Remediation  
As part of their remedial activities, Homestake Barrick Gold (HBG) has been extracting water from 
the SAG aquifer and using it to change hydrologic gradients in the alluvial, Upper Chinle, and 
Middle Chinle aquifers by direct injection (Figure 4, arrows on left side of diagram). HBG has also 
added SAG aquifer groundwater to the Post Treatment Tank for additional injection of treated 
water from the reverse osmosis (RO) plant and previously from the zeolite treatment plant 
(Figure 4, arrows from Post Treatment Tank to aquifers). In 2018 an average of 232 
gallons/minute (gpm) was pumped from the SAG aquifer for remediation of Site contamination. 
In 2021 an average of 289 gpm was collected from the SAG aquifer and used for Site remediation 
(HMC and Hydro-Engineering, 2022).  
 
Figure 4. HMC Site water balance in 2018. 


 
Source: HDR, 2020, Modified from Figure 1-7. 
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The RO plant has been in operation since 1999. Average input from the collection wells to the RO 
plant in 2021 was 562 gpm and output from the plant to injection wells was 394 gpm (HMC and 
Hydro-Engineering, 2022). The Nuclear Regulatory Commission (NRC) reported in February 2023 
that the RO plant was operating at 720 gpm (600 gpm onsite water and 120 gpm offsite water) 
and the zeolite system was not operating (NRC, 2023)). The zeolite treatment plant began 
operation in 2016, primarily for treatment of off-site water for uranium, but became severely 
limited in effectiveness due to algae accumulation (US EPA, 2021).  
 
Land application of contaminated groundwater from the Site was used to irrigate over 394 acres 
located outside the NRC license boundary from 2000 to 2012 (US EPA, 2021). The 100- and 150-
acre center pivots are in the most conductive portions of the San Mateo Creek aquifer. Hydraulic 
conductivity values in the 150-acre center pivot area range up to almost 400 ft/day, and values in 
the more downgradient 100-acre center pivot area range up to 200 ft/day (HDR, 2020, Fig. 2-17). 
The high hydraulic conductivity values indicate that contaminated waters applied to these area 
will travel rapidly downgradient. 
 
Injection of SAG aquifer groundwater and RO-treated water into the alluvial and Chinle aquifers is 
intended to reverse the hydraulic gradient and flush contaminated groundwater toward 
collection wells. The collection wells pump contaminated groundwater to the treatment plant. 
The system sets up a “hydraulic barrier” that reduces the downgradient transport of 
contaminants from the tailings piles and other sources on the Site (US EPA, 2021). The hydraulic 
barrier includes a series of alluvial pumping/collection wells around the southern and western 
sides of the large tailings pile (LTP) that reverses the gradient to send contaminated alluvial 
groundwater toward the LTP and the collection area, as shown in Figure 5. The collected water is 
treated and reinjected into the alluvial and Chinle aquifers upgradient of the subdivisions, as 
shown in Figure 5. The hydraulic barrier does reduce the amount of contaminated water being 
transported from HMC sources to downgradient areas. However, the hydraulic barrier does not 
prevent the movement of contaminated water to the west through the San Mateo Creek aquifer 
or to the east through the Rio Lobo aquifer (see Figure 2).  
 
In addition to the main hydraulic barrier, additional injection wells are located farther from the 
Large Tailings Pile in the alluvial aquifer (HDR, 2020, Figure 2-16); the Upper Chinle aquifer, 
including on the east side of the East Fault (HDR, 2020; Figure 3-28); and the Middle Chinle mixing 
zone (HDR, 2020, Figure 3-41). According to the Site’s discharge permit (DP-200; NMED, 2014), 
injection of low-concentration injectate1 with the sole purpose of diluting contaminant 
concentrations is expressly prohibited: “…injection is authorized under this permit only to 
facilitate the collection of contaminated ground water by collection wells within the Alluvial 
aquifer hydraulic control area….”. Table 3 in DP-200 indicates that “low-concentration injectate” 
uranium concentrations can be as high as 1 mg/L. This value is more than six times higher than 


 
1 “Alluvial aquifer ground water, which has been impacted by seepage and/or discharge from mill operations such 
that the concentrations of molybdenum, selenium, and/or uranium exceed the respective applicable Alluvial aquifer 
Site ground water standards in Table 1 but are less than or equal to the respective concentrations in Table 3.” (DP-
200, pg. 3) 
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the current Ground Water Protection Standard (GWPS) authorized by the NRC and more than 30 
times higher than the federal and State of New Mexico drinking water standard of 0.030 mg/L. 
Table 3 may be removed from a future revision of the permit, but injection of such high 
concentrations as part of Site remediation is currently allowed under DP-200. In addition, 
“…injection of Compliant Water2 with the sole purpose or effect of diluting ground water 
contaminant concentrations is expressly prohibited. Injection is authorized under this permit to 
hydraulically control the movement of contaminated ground water in order to preclude further 
spread of contamination, either within the same aquifer into which injection is occurring or into 
other aquifers that are hydraulically-connected to the injected aquifer…” The NMED should revise 
DP-200 to remove Table 3 and evaluate whether the injection wells used across the site are in 
compliance with DP-200. The ongoing evaluation of Site groundwater quality background values 
by NMED and EPA could also lower the upper compliance limits for injection at the Site.  
 
Pumping clean groundwater from the SAG aquifer for Site remedial efforts risks depletion and 
contamination of the SAG aquifer. As noted by the New Mexico Environment Department 
(NMED) in their comments to the National Remedy Review Board (NRRB), use of the SAG aquifer 
groundwater for Site remediation (creating and maintaining the hydraulic barrier and direct 
injection into the aquifers) has resulted in mining of the SAG groundwater and significantly 
decreased water levels in the SAG aquifer (NMED, 2021). A superior approach would be to 
increase the capacity and effectiveness of the treatment system to treat contaminated 
groundwater from the alluvial and Chinle Formation aquifers and re-use the treated water for 
Site remediation. This approach was also recommended by US EPA’s National Remedy Review 
Board (NRRB, 2021): 


“Given the importance of the SAG aquifer to local communities, the Board 
recommends the Region consider utilizing pumping and treating the alluvial 
aquifer to prevent migration rather than creating a hydraulic mound. The 
remediated water from the treatment systems could be reinjected to the alluvial, 
Chinle, or SAG aquifers, depending on the level to which it is treated. This would 
allow for containment while preventing the use of clean water to create a mound 
in the contaminated alluvial aquifer. Additionally, this approach would minimize 
the use of the SAG aquifer for remedial purposes, reserving it for domestic use.”3 


 
 
  


 
2 “Water that is utilized as injectate in Site ground water abatement activities, the quality of which meets applicable 
Site ground water standards with respect to the receiving aquifer.” (DP-200, pg. 3) 
3 Note that MASE does not agree with the injection of treated water into the SAG aquifer. 
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Figure 5. The hydraulic barrier at the Homestake Site 


 
Source: Homestake Mining Company, 2015, Figure 2-20.  


4. Influence of Homestake’s SAG Pumping Wells on SAG 
Aquifer Groundwater Quality 


 
Homestake owns and operates several wells completed in the SAG aquifer that are or were 
pumped for industrial purposes and freshwater supply, as shown in Figures 6a and 6b. 
Information on their dates of operation, uses, and abandonment is as follows (HMC and Hydro-
Engineering, 2022): 


• Deep Well #1 and #2: used as water supply wells to the post-treatment tank (PTT) for 
treated water injection by Homestake in the project area. Deep well #1 was abandoned in 
2019 and was not used from 2017 through 2019. Deep well #1R was used starting in 
August 2021. Deep well #2R was expected to start in 2022, but HMC reported cavitation in 
the well, cracking concrete at surface completion; the pump was pulled and was not back 
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in service as of February 2023 (NRC, 2023).. Deep wells #1 and #2 and 943 were replaced 
because testing indicated leakage from a shallower aquifer was impacting the wells (DOE, 
2020, pg. 23). 


• Well 951/951R: used for fresh-water injection in the 100-acre center pivot area through 
March 2012; 951R was used from July 2012 through early 2018 with limited usage from 
late 2019 through 2021. Well 951 was replaced with 951R in July 2012 because DOE 
suspected it was pulling the Bluewater SAG aquifer uranium plume to the well (DOE, 
2020, pg. 23). 


• Well 943/943M: used for injection in the 150-acre center pivot, the 24-acre irrigation 
area, and the 120-acre irrigation area and in Felice Acres until May 2017 (abandoned in 
July 2018). SAG well 943M was used starting in December 2017 and is 217 feet northwest 
of 943. 


• Well 928: abandoned in 2018, previously used for irrigation before Homestake’s milling 
operations (drilled prior to June 1940) and was used only for monitoring by Homestake 
(DOE, 2020). 


 
Figure 6a. Location of SAG aquifer wells 943, 951, 951R, the 100-acre center pivot irrigation 
area, and groundwater flow directions in the SAG aquifer (light blue arrows). Note that the 100-
acre center pivot is upgradient of SAG well 943. Replacement well 943M, drilled in December 
2017, is located 217 feet northwest of well 943 (HMC and Hydro-Engineering, 2022). 


 
Source: HMC, 2020 (GCAP), Modified from Figure 3-29. 
 
The extent of the SAG aquifer uranium plume originating from the Bluewater Site, shown in 
Figure 6b, is relatively well defined to the north and west but not to the east and northeast due 
to a lack of wells. The downgradient extent is approximately two miles north of the nearest 
municipal water supply well, Milan Well #4) (DOE, 2020, pg. 24).  
 
Two SAG wells, both of which have been replaced, have shown increasing uranium 
concentrations over time. Use of SAG well 943 as a fresh water supply well ended in May 2017, 
although a pump test was conducted on this well in January 2018; SAG aquifer well 951 was 
replaced by SAG well 951R as the fresh water supply well in April 2012 (HMC and Hydro-
Engineering, 2022, p. 2.1-11). Uranium concentrations over time in SAG wells 951 and the 
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replacement well 951R are shown in Figure 7a, and uranium concentrations over time in SAG well 
943 and its replacement 943M are shown in Figure 7b.  
 
Figure 6b. Uranium plume in the SAG aquifer from the Bluewater Site and wells owned by 
Homestake. The location of SAG pumping and monitoring wells were added using DOE, 2020, 
Figure 11 (the wells were not identified in HDR, 2020). The replacement wells for Deep well #1 
and #2 are in the same location but are completed deeper in the SAG aquifer. 


 
Source: HDR, 2020, Modified from Figure 3-60. 
 
Figure 7a (wells 951 and 951R) shows that uranium concentrations were below the maximum 
contaminant level (MCL) of 0.03 mg/L at approximately 0.025 mg/L in the mid-1990s. 
Concentrations were consistently above the MCL in this well from December 2005 through March 
2012. More than 80% of the uranium concentrations measured in well 951R have exceed the 
MCL value of 0.03 mg/L, including a high value of 0.08 mg/L in December 2014 that does not 
appear to be an outlier (data from 2012 – 2019; Holland and Hart, 2019 database). It is clear from 
Figure 6b that wells 951 and 951R are both located inside the Bluewater Site uranium plume. 
Pumping of these wells, including the replacement well, likely expanded the plume toward the 
wells. Pumping from well 951R should also be discontinued, and the well should be properly 
closed. 
 
Figure 7b (wells 943 and 943M) shows that uranium concentrations were at or below detection 
from 1997 to 2003. Uranium concentrations began to increase in 2004 and continued to increase, 
with frequent large spikes – up to 0.122 mg/L – through January 2018. The well was replaced 
with well 943M in December 2017, but some overlap in monitoring existed, as shown in Figure 
5b. Uranium concentrations in well 943M have been at or near detection (0.0003 mg/L) since 
early 2018. 
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Figure 7a. Uranium concentrations in SAG aquifer wells 951 and 951R.   


 
 
Figure 7b. Uranium concentrations in SAG aquifer wells 943 and 943M.  


 
Data source for Figs. 7a/7b: Access database file GRANTS.mdb sent by Holland and Hart, October 2019. 
 
Homestake has concluded that the uranium contamination in SAG well 943 came from “an 
overlying aquifer” (HMC, 2020, pg. 4-16) as a result of a faulty casing. US EPA determined that the 
elevated uranium results resulted from corrosion of the casing and other integrity concerns, 
allowing groundwater with higher uranium concentrations to enter the well through the casing 
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from the shallower alluvial and Chinle aquifers (US EPA, 2021, pg. 20). However, a pump test 
conducted on well 943 did not show a connection with the overlying alluvial, Middle Chinle, and 
Lower Chinle aquifers (NRC, 2018). And water quality samples from well 943 showed “a stark 
difference from the 943M sample and similar but slightly higher concentrations from those of the 
overlying aquifers” (HMC and Hydro-Engineering, 2018), indicating uncertainty about the source 
of observed contamination in well 943. 
 
It is also possible that uranium in SAG well 943 was sourced from the discharge of contaminated 
Site water to the 100-acre center pivot irrigation area, which is shown in Figure 6a. Uranium 
concentrations in several wells near the 100-acre center pivot are higher than those measured in 
SAG wells 943 and 951 (including wells 654, 659, 881, 886, 888, 890, and H16). More work is 
needed to investigate the potential sources of contamination in SAG well 943.  
 
The existing and potential future contamination of the regional SAG aquifer highlights the 
importance of determining water quality background values for the SAG aquifer. A thorough 
examination of background water quality in the SAG aquifer is needed before any additional 
contamination, regardless of the source, occurs. 


5. Influence of the San Mateo Creek Alluvium on the Rio San 
Jose Alluvium 


The San Mateo Creek alluvium has been contaminated by the Homestake site. The San Mateo 
Creek and the Rio San Jose alluvial aquifers have a paleochannel confluence south of the 
Homestake site, as shown in Figure 8. The paleochannel confluence is the location where the 
ancestral Rio San Jose and ancestral San Mateo Creek joined in the distant past. Ancestral Rio San 
Jose alluvium was buried by Bluewater Basalt flows. More recent Rio San Jose alluvium overlies 
the basalt (DOE, 2014).  
 
The 2020 RI Report (HDR, 2020, p. 3-12) states: 


“A closer look at the uranium concentrations in the Rio San Jose is provided in 
Figure 3-7 which presents the 2017 uranium concentrations measured for the Rio 
San Jose alluvial aquifer and the San Mateo alluvial aquifer in an area extending 
from the confluence of the alluvial aquifers to the south. Higher uranium 
concentrations exist in the Rio San Jose alluvial aquifer to the northwest of the 
San Mateo confluence.”  


 
However, as shown in Figure 9, uranium concentrations in the San Mateo Creek alluvial aquifer 
are higher than those in the Rio San Jose alluvial aquifer upstream of the confluence zone. The 
differences in uranium concentrations indicates that the Site could be an important source of 
contaminants to downgradient parts of the Rio San Jose aquifer and potentially to the SAG 
aquifer.  
 
A report by DOE on the Bluewater Site (DOE, 2014) also contradict the conclusion in the RI/FS 
that higher uranium concentrations derive from the Bluewater site: “Operations at the 
Homestake uranium mill…contaminated the San Mateo Creek alluvial aquifer underlying the 
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Homestake tailings piles. This is the primary source of contaminated alluvial groundwater in the 
vicinity of Milan.” The DOE report further notes that alluvial groundwater downgradient of the 
paleochannel confluence “…contains contaminants from both the Bluewater and Homestake 
sites” and “continues southeast toward Milan” (DOE, 2014, Executive Summary).  
 
Figure 8. The paleochannel confluence zone of the Rio San Jose and San Mateo Creek alluvial 
aquifers. 


 
Source: HDR, 2020, Figure 3-7. 
 
Figure 9. Uranium concentrations in the San Mateo Creek and Rio San Jose alluvial aquifers 
upgradient of the paleochannel confluence zone. 


 
Source: Modified from HDR, 2020, Figure 3-7. 
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In terms of uranium contamination affecting downgradient Rio San Jose alluvial groundwater, the 
same DOE report (DOE, 2014, Executive Summary) states: 


“The volume of flow and contaminant mass contributed by San Mateo Creek alluvial 
groundwater to the Milan area appear to be much greater than those contributed by 
Rio San Jose alluvial groundwater. The actual proportion of Bluewater-derived 
uranium in the alluvial aquifer downgradient from where flows from the respective 
sources merge is unknown.” 
 


The municipal supply wells for Bluewater, Milan, and Grants, which are completed in the 
SAG aquifer, did not show increasing concentration trends for uranium (DOE, 2014). 
However, because the hydrogeologic settings are somewhat similar for the Bluewater and 
Homestake sites and releases from the Bluewater site have contaminated the SAG aquifer, 
a similar transport mechanism could be acting for the Homestake site where the alluvium 
lies directly on the SAG aquifer. 
 
More work is needed to estimate the potential for groundwater contamination downgradient of 
the paleochannel confluence zone. The relative flux of contaminants entering and leaving the 
paleochannel confluence from the Homestake and Bluewater sites. Cross-sections of saturated 
alluvial groundwater and a range of measured contaminant concentrations (including uranium, 
selenium, sulfate, and other known Site contaminants) could be used to estimate relative fluxes 
from the two sites.  


6. Summary and Recommendations 
• The revised conceptual site model in the SAG characterization report (HDR, 2022) 


concludes that the alluvium is saturated above the SAG subcrop, and it summarizes the 
findings of the hydrogeologic, geochemical, and geophysical investigations. It also finds 
that the SAG subcrop area is larger than previously identified. The report does not map 
new alluvial well OB-2 in the expanded SAG subcrop area, but the well log shows that it is 
in saturated alluvium overlying the SAG aquifer, indicating that the subcrop area still 
needs to be expanded. The report fails to evaluate current or future risks to the SAG 
aquifer from uranium mill tailings seepage at the former Homestake and the Bluewater 
mill sites.   


• More information is needed on alluvial water quality just upgradient of the SAG subcrop, 
and, ideally, additional strategically placed alluvial monitoring wells should be developed 
in the SAG subcrop area. Boring OB1 is completed through the Rio San Jose alluvium and 
screened in the upper, weathered SAG aquifer. Water quality from this well would 
provide important information on the quality of water directly overlying the more 
indurated portion of the SAG aquifer in the subcrop. No water quality data are presented 
for the three new OB wells, and there is no reason water quality samples from these wells 
could not have been collected and analyzed.  


• Increasing concentrations of uranium in SAG wells 943 and 951 is concerning, and more 
work is needed to investigate potential sources of contamination in SAG wells 943 and the 







17 


effect of land application of contaminated alluvial groundwater on the SAG aquifer 
generally. Pumping of well 951, including the replacement well 951R, likely expanded the 
Bluewater uranium plume toward the wells. Well 951 has been abandoned, but pumping 
from well 951R should also be discontinued, and the well should be properly closed. 


• Every effort should be made to minimize and quickly eliminate pumping of SAG aquifer 
wells for Site remediation. Instead, treatment of contaminated alluvial and Chinle 
groundwater should be expanded and used to maintain the hydraulic barrier at the Site.  


• The NMED should revise DP-200 to remove Table 3 and evaluate whether the injection 
wells used across the site are in compliance with DP-200. The ongoing evaluation of Site 
groundwater quality background values by NMED and EPA could also lower the upper 
compliance limits for injection at the Site. 


• A thorough examination of background water quality in the SAG aquifer is needed before 
any additional contamination, regardless of the source, occurs. 


• More work is needed to identify potential flow paths from the San Mateo and upper Rio 
San Jose alluvial aquifers to the paleochannel confluence area to apportion liabilities for 
the Homestake versus the Bluewater sites. This off-site impact has not been considered as 
part of the HMC Superfund Site, and an addition operable unit (OU) may be required. The 
RI/FS (HDR, 2020) for the Homestake site concludes that uranium concentrations entering 
the paleochannel confluence are higher in the San Mateo Creek than in the upper Rio San 
Jose aquifer coming from the Bluewater Site. But the available data and the DOE (2014) 
report contradict this finding and indicate that the flux of contaminants from the San 
Mateo Creek alluvial groundwater is much greater than that contributed by Rio San Jose 
alluvial groundwater. The relative proportions of uranium, selenium, and other known 
Site contaminants coming from the Bluewater and Homestake sites should be determined 
to estimate relative fluxes and attributions from the two sites. Groundwater downstream 
of the paleochannel confluence flows to the south toward Milan and potentially into the 
regional SAG aquifer.  
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BUKA ENVIRONMENTAL 
Telluride, CO 81435 USA 
001.303.324.6948/aamaest@gmail.com 
www.buka-environmental.com  
 

MEMORANDUM 
 
To: Susan Gordon, MASE, and the Bluewater Valley Downstream Alliance 
From: Ann Maest, PhD; Buka Environmental 
Date:   7 April 2023 
Re: San Andres-Glorieta aquifer characteristics and the unaccounted for, off-site effects of the 

Homestake NPL Site  

1. Introduction 
The San Andres-Glorieta (SAG) aquifer is the primary water source for municipal, industrial, and 
irrigation uses by the Village of Milan, the City of Grants, the Pueblo of Acoma, and numerous 
private well owners (NMED, 2021), and is a highly valued regional aquifer in a water-limited state. 
It also provides an alternative drinking water source for residents living near the Homestake 
Mining Company (HMC) Superfund site (the Site) and was once a reliable source of irrigation for 
potatoes and other crops cultivated by members of the Bluewater Valley Downstream Alliance 
and the Murray Acres Irrigation Association (De Pree, 2019). In 2009 the New Mexico Office of 
the State Engineer issued a health advisory that cautioned current and future owners and users 
of private wells in the San Mateo Creek basin that their well water could contain contaminant 
concentrations in excess of federal drinking water standards (US EPA, 2016).  

The SAG aquifer is overlain by the Chinle Formation on the Site, as shown in Figure 1. The SAG 
subcrop, located southwest of the Site and west of the West Fault, is where saturated alluvium 
directly overlies the SAG aquifer. The potential for contamination of SAG groundwater by 
contaminated alluvium is elevated on and off the Site, especially at and around the SAG subcrop. 
 
This memorandum, written on behalf of the Bluewater Downstream Alliance (BVDA) and the 
Multicultural Alliance for a Safe Environment (MASE), provides a summary of the 2022 SAG 
characterization report (HDR, 2022) and an alternate interpretation of the potential for transport 
of contaminated alluvial groundwater to the SAG aquifer. The memorandum also discusses 
Homestake’s extensive use of the SAG aquifer for Site remediation and how previously 
unaccounted for contributions from the San Mateo Creek alluvium beneath the Site have 
influenced offsite water quality in the Rio San Jose alluvium and potentially in downgradient 
portions of the SAG aquifer. It concludes with a Summary and Recommendation section and a list 
of References Cited. 
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Figure 1. Hydrogeologic cross-section showing the SAG aquifer southwest of the subdivisions. 
Note that the SAG aquifer subcrops under saturated alluvium west of the West Fault. 
 

 
Source: HDR, 2020, Fig. 2-6. 

2. Review of the SAG Aquifer Characterization Report 
Homestake and its consultant, HDR, released a report entitled Characterization of the San 
Andres-Glorieta Aquifer at Homestake Mining Company Superfund Site, Grants, New Mexico, on 
March 31, 2022 (HDR, 2022). The report is light on interpretation and primarily presents the 
results of hydrogeologic and geophysical studies conducted in and near the subcrop of the SAG 
aquifer (e.g., Arcadis, 2018; HMC, 2012; HMC and Hydro-Engineering, 2010). The report includes 
limited water quality information for two new SAG aquifer wells. The stated purpose of the study 
is to evaluate the hydraulic connection between the SAG and the alluvial aquifer and update the 
conceptual site model (CSM) and the groundwater flow and solute transport model (HDR, 2022, 
pg. 1). However, it fails to directly address the increased potential for contamination from the 
Site to reach the SAG aquifer subcrop via the San Mateo Creek and Rio Lobo alluvial groundwater. 
 
The SAG aquifer comprises two aquifers: the shallower limestone San Andres aquifer and the 
deeper sandstone Glorieta aquifer. Both sub-aquifers are highly transmissive (can hold and move 
large volumes of groundwater) and therefore are important sources of municipal water supply 
for the entire region downgradient of the San Mateo Creek Basin. The SAG aquifer is the primary 
drinking water source for the Village of Milan and the City of Grants. The aquifer also recharges 
the Rio San Jose, which runs east from Bluewater and through the downstream communities of 
Acoma and Laguna. Acoma and Laguna used the waters of the Rio San Jose stream system to 
irrigate their agricultural lands long before the advent of uranium production in the San Mateo 
Creek Basin (Wolf, 2016). 
 
Throughout most of the San Mateo Creek Basin, the SAG aquifer is separated from the shallow 
San Mateo Creek alluvium by Chinle aquifers; however, the SAG subcrop is the area where the 
SAG aquifer directly underlies the alluvial aquifer, as shown in Figure 1. The presence of a SAG 
“subcrop” below an alluvial aquifer known to be contaminated from the Homestake and the 
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Bluewater Disposal sites increases the potential for contamination of the SAG aquifer by the 
overlying alluvial aquifer. 
 
2.1 Field Investigation 
The following field investigations were conducted as part of the SAG aquifer characterization 
study: 

• Drilled three new borings in the alluvial aquifer (OB-1, -2, and -3) and developed two new 
SAG aquifer wells, SAG-1 and SAG-2 

• Conducted lithologic sampling and groundwater level measurements in the alluvial aquifer 
• Installed bedrock casing and conducted bedrock coring, transmissivity profiling, and 

borehole geophysics for the bedrock/SAG aquifer 
• Measured synoptic (conducted at approximately the same time) groundwater levels in the 

SAG and alluvial aquifers 
• Sampled geochemistry and mineralogy of the aquifer solids and conducted limited 

groundwater quality sampling in the SAG aquifer wells at different levels 
• Completed geophysical surveys. 

 
The aim of the Revised CSM described in the HDR (2022) report was to better define the SAG 
subcrop area, assess if the alluvium is dry above it, and report on the physical and water 
transmitting properties, mineralogy, and groundwater geochemistry of the SAG aquifer. The 
revised CSM addresses the SAG subcrop area, finds that the overlying alluvium is not dry, and 
discusses groundwater flow directions in the alluvial, Chinle, and SAG aquifers. However, the 
report does not include an interpretation of the potential for contaminated alluvial groundwater 
to affect the SAG aquifer or identify the source(s) of the contaminated alluvial groundwater that 
could reach the SAG aquifer. Of importance to BVDA and MASE is whether contamination coming 
from the Homestake Mill Site is or could adversely affect the SAG aquifer groundwater quality. 
 
2.2 Groundwater Elevations, Flow Directions, and Water Quality 
Groundwater elevations were measured at different depths in the two newly installed FLUTeTM 
multiport monitoring wells in the SAG aquifer, SAG-1 and SAG-2. However, the samplings were 
conducted on three different dates: February 18, February 26, and April 5, 2021. The water levels 
showed variable upward and downward groundwater gradients, but the gradients were mostly 
downward and significantly downward at depth, especially in well SAG-2. Groundwater levels 
were measured synoptically in the three newly installed wells, OB-1, OB-2, and OB-3, and in 
several existing nearby alluvial wells (657, 647, 658, 553, and 554). Synoptic sampling takes place 
at approximately the same time, and the results are used to help determine groundwater flow 
directions and gradients in the alluvial and SAG aquifers.  
 
The groundwater flow directions in the alluvial aquifers are shown in Figure 2. The San Mateo, 
Rio San Jose, and Rio Lobo aquifers are labelled, and the blue arrows indicate alluvial 
groundwater flow directions. I added the red arrows to emphasize that alluvial groundwater 
flows from the Large Tailings Pile (LTP) area to the subdivisions and around the bedrock high 
(stippled area) into the Rio San Jose Aquifer. Although the combined flow is mentioned in the 
text, the figure as drawn in the HDR (2022) report suggests that all contamination flowing into 
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the Rio San Jose aquifer derives from the Bluewater Site. Instead, alluvial groundwater 
contaminated by the Homestake Site in the San Mateo Creek and Rio Lobo alluvium joins with 
alluvial groundwater from the Bluewater Site and flows into the Rio San Jose Aquifer (see Section 
5 of this memorandum). 
 
Wells OB-1, OB-2, OB-3 were drilled through the alluvium to the top of bedrock. According to the 
HDR (2022) report (p. 28), “The boring logs show the alluvium in each boring was saturated below 
the basalt. These data show the alluvium is not dry above the contact with the SAG in this portion 
of the alluvium.” Wells OB-1 and OB-2 have alluvium directly overlying the upper SAG aquifer, 
while Well OB-3 is located east of the West Fault in alluvium that directly overlies the Chinle 
Formation.  
 
Figure 2. Groundwater elevations and flow directions (blue arrows; red arrows added) in the 
three alluvial aquifers on and near the Site. Groundwater from the San Mateo and Rio Lobo 
aquifers flows toward and mixes with the Rio San Jose Aquifer near the location of the SAG 
subcrop. 

 
Source: Modified from HDR, 2022; Figure 2-3. 
 
Well OB-1 was initially believed to be screened in saturated alluvial sand below basalt and above 
the SAG subcrop, but the sandy material was later confirmed to be in the weathered, 
unconsolidated portion of the upper SAG limestone (HDR, 2022, pg. 8). The screened interval for 
OB-1 is 111.5 to 131.4 ft in weathered SAG limestone, while OB-2 and OB-3 were screened in 
saturated Rio San Jose alluvium below basalt and above the SAG aquifer and the Chinle 
Formation, respectively (HDR, 2022, Appendix B). Even though OB-1 was screened in weathered 
SAG limestone, that material underlies saturated Rio San Jose alluvium and essentially acts as 
saturated alluvium directly above the more indurated part of the SAG aquifer. The boring log for 
well OB-1 shows that some saturated alluvium exists below basalt and above the weathered SAG 



5 

material. Although a groundwater elevation was recorded for well OB-1, it was reported as “dry” 
in May 2021 (HDR, 2022, Table 3-4). 
 
A groundwater low (sink) was found around the new alluvial well OB-2, which is located directly 
above the SAG subcrop, as shown in Figure 3. Alluvial groundwater in this area has an inward 
hydraulic gradient, which shows the effects of the vertical groundwater movement from the 
alluvial aquifer to the underlying San Andres limestone (upper part of the SAG aquifer). According 
to the HDR (2022) report (p. 28), “These data show the area around Well OB-2 is likely a 
groundwater sink or groundwater is collecting in this area and migrating vertically through the 
alluvium to the underlying bedrock.” Because no water quality samples were collected from OB-
2, no information is available on the potential water quality effects of the groundwater sink on 
the underlying SAG aquifer.  
 
Figure 3. Alluvial groundwater sink located near SAG aquifer subcrop. The blue contours are the 
alluvial-SAG interface, not groundwater elevations. Yellow highlighted wells are alluvial wells 
determined to be upgradient of the groundwater sink at OB-2; green-highlighted wells are the 
new alluvial borings OB-1, -2, and -3, and blue-highlighted wells are the new SAG aquifer wells, 
SAG1 and SAG2. The dark blue arrows were added to the figure to show the direction of 
groundwater flow described in the HDR (2022) report. The log for OB-2 shows it to be over the 
SAG subcrop, although it is not shown as such in the figure. 

 
Source: Modified from HDR, 2022; Figure 3-1. 
 
Groundwater quality results are presented for wells SAG-1 and SAG-2, which were sampled at 
multiple depths each (HDR, 2022, pg. 20). The two new SAG wells (SAG-1 and SAG-2) were 
monitored for the presence of reducing conditions using dissolved oxygen, ferrous iron (reduced 
dissolved iron, or Fe2+), ammonia, and nitrate. The upper portions of both wells had higher 
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dissolved oxygen (DO) concentrations (HDR, 2022, Figure 3-13). The results for other parameters 
in well SAG-1 were more erratic (HDR, 2022, Table 3-13), but results for SAG-2 showed that the 
ferrous iron value increased with depth. More oxidizing conditions promote the migration of 
uranium, and pumping of the SAG aquifer for remediation (discussed in Sections 3 and 4) could 
enhance the downgradient transport of uranium (Smedley and Kinniburgh, 2023)).  
 
No groundwater quality samples were collected or reported for the new OB wells. The OB wells 
are screened in the weathered SAG aquifer (OB-1) or in Rio San Jose alluvial sand (OB-2 and OB-
3). Water quality samples could and should have been collected, analyzed, and reported in HDR 
(2022) in this important part of the site. One groundwater elevation point is shown in the 
outlined subcrop area in Figure 3, but the well ID is not presented in the HDR (2022) report. In 
addition, it is clear from the report and the well logs presented in Appendices A and B of the HDR 
report that the new alluvial well OB-2 is completed in an area where the alluvium directly overlies 
the SAG aquifer. However, the subcrop outline is not extended to this location, as shown in 
Figure 3.  
 
More information is needed on the water quality in the new alluvial wells, especially for OB-1 and 
OB-2, which are located directly above the SAG subcrop or in a highly weathered portion of the 
upper SAG aquifer (OB-1). In addition, more work is needed to identify potential flow paths from 
the San Mateo and Rio San Jose alluvial aquifers to the SAG subcrop. Ideally, additional alluvial 
wells should be carefully developed in the SAG subcrop area. At least 100 ft of alluvium and 
basalt overlie the SAG aquifer at OB-1 and OB-2, although only the lower most portions of the 
alluvium under the basalt were saturated during the construction of the wells. 
 
2.3 Aquifer Characteristics and Revised SAG Subcrop Extent 
The aquifer material in the newly developed SAG wells (SAG-1 and SAG-2) had numerous 
transmissive fractures, high transmissivity, and fairly high bulk hydraulic conductivity. The SAG-1 
well had somewhat higher transmissivity and bulk conductivity than the SAG-2 well (9000 vs 5700 
gallon per day/ft transmissivity and 5 vs 3.7 ft/day hydraulic conductivity, respectively). These 
results confirm the importance of the SAG aquifer as a regional groundwater supply. 
 
Geochemical and mineralogic characteristics were examined in the alluvial, Chinle, and SAG 
aquifers. The San Andres limestone consists of an upper limestone layer, middle calcareous 
sandstone, and a lower dolomitic limestone. The unit is moderately fractured and weathered.  
The underlying Glorieta sandstone is well-sorted (grains are of similar size). The upper strata are 
cemented with silica, and the lower strata are soft and friable with calcite cement in places. 
Organic carbon and pyrite show reducing conditions in both units of the SAG aquifer. The 
porosity is more variable in the San Andres limestone than in the Glorieta sandstone (3-34% vs. 
11-15%), but the geomeans are both 13% porosity.  
 
The information collected on the aquifers, including mineralogic, geochemical, and hydrogeologic 
characteristics, in addition to water quality assessments, will be used, according to the HDR 
report (p. 20), to support future chemical transport assessments for the SAG aquifer.  
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The SAG aquifer subcrop area was found to be larger than previously thought, and the subcrop 
area needs to be further expanded to include OB-2. The revised extent of the SAG subcrop is 
shown in Figure 3. The subcrop area is described as being hydraulically downgradient of the 
Homestake Mining Company Superfund Site (HDR, 2022, p. 1). However, not enough information 
is presented in the report to determine the impact of ongoing seepage from Homestake’s tailings 
piles and evaporation ponds on SAG aquifer water quality in the future if the operation and 
maintenance of the hydraulic barrier is discontinued.  

3. Use of SAG Aquifer Water for Site Remediation  
As part of their remedial activities, Homestake Barrick Gold (HBG) has been extracting water from 
the SAG aquifer and using it to change hydrologic gradients in the alluvial, Upper Chinle, and 
Middle Chinle aquifers by direct injection (Figure 4, arrows on left side of diagram). HBG has also 
added SAG aquifer groundwater to the Post Treatment Tank for additional injection of treated 
water from the reverse osmosis (RO) plant and previously from the zeolite treatment plant 
(Figure 4, arrows from Post Treatment Tank to aquifers). In 2018 an average of 232 
gallons/minute (gpm) was pumped from the SAG aquifer for remediation of Site contamination. 
In 2021 an average of 289 gpm was collected from the SAG aquifer and used for Site remediation 
(HMC and Hydro-Engineering, 2022).  
 
Figure 4. HMC Site water balance in 2018. 

 
Source: HDR, 2020, Modified from Figure 1-7. 
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The RO plant has been in operation since 1999. Average input from the collection wells to the RO 
plant in 2021 was 562 gpm and output from the plant to injection wells was 394 gpm (HMC and 
Hydro-Engineering, 2022). The Nuclear Regulatory Commission (NRC) reported in February 2023 
that the RO plant was operating at 720 gpm (600 gpm onsite water and 120 gpm offsite water) 
and the zeolite system was not operating (NRC, 2023)). The zeolite treatment plant began 
operation in 2016, primarily for treatment of off-site water for uranium, but became severely 
limited in effectiveness due to algae accumulation (US EPA, 2021).  
 
Land application of contaminated groundwater from the Site was used to irrigate over 394 acres 
located outside the NRC license boundary from 2000 to 2012 (US EPA, 2021). The 100- and 150-
acre center pivots are in the most conductive portions of the San Mateo Creek aquifer. Hydraulic 
conductivity values in the 150-acre center pivot area range up to almost 400 ft/day, and values in 
the more downgradient 100-acre center pivot area range up to 200 ft/day (HDR, 2020, Fig. 2-17). 
The high hydraulic conductivity values indicate that contaminated waters applied to these area 
will travel rapidly downgradient. 
 
Injection of SAG aquifer groundwater and RO-treated water into the alluvial and Chinle aquifers is 
intended to reverse the hydraulic gradient and flush contaminated groundwater toward 
collection wells. The collection wells pump contaminated groundwater to the treatment plant. 
The system sets up a “hydraulic barrier” that reduces the downgradient transport of 
contaminants from the tailings piles and other sources on the Site (US EPA, 2021). The hydraulic 
barrier includes a series of alluvial pumping/collection wells around the southern and western 
sides of the large tailings pile (LTP) that reverses the gradient to send contaminated alluvial 
groundwater toward the LTP and the collection area, as shown in Figure 5. The collected water is 
treated and reinjected into the alluvial and Chinle aquifers upgradient of the subdivisions, as 
shown in Figure 5. The hydraulic barrier does reduce the amount of contaminated water being 
transported from HMC sources to downgradient areas. However, the hydraulic barrier does not 
prevent the movement of contaminated water to the west through the San Mateo Creek aquifer 
or to the east through the Rio Lobo aquifer (see Figure 2).  
 
In addition to the main hydraulic barrier, additional injection wells are located farther from the 
Large Tailings Pile in the alluvial aquifer (HDR, 2020, Figure 2-16); the Upper Chinle aquifer, 
including on the east side of the East Fault (HDR, 2020; Figure 3-28); and the Middle Chinle mixing 
zone (HDR, 2020, Figure 3-41). According to the Site’s discharge permit (DP-200; NMED, 2014), 
injection of low-concentration injectate1 with the sole purpose of diluting contaminant 
concentrations is expressly prohibited: “…injection is authorized under this permit only to 
facilitate the collection of contaminated ground water by collection wells within the Alluvial 
aquifer hydraulic control area….”. Table 3 in DP-200 indicates that “low-concentration injectate” 
uranium concentrations can be as high as 1 mg/L. This value is more than six times higher than 

 
1 “Alluvial aquifer ground water, which has been impacted by seepage and/or discharge from mill operations such 
that the concentrations of molybdenum, selenium, and/or uranium exceed the respective applicable Alluvial aquifer 
Site ground water standards in Table 1 but are less than or equal to the respective concentrations in Table 3.” (DP-
200, pg. 3) 



9 

the current Ground Water Protection Standard (GWPS) authorized by the NRC and more than 30 
times higher than the federal and State of New Mexico drinking water standard of 0.030 mg/L. 
Table 3 may be removed from a future revision of the permit, but injection of such high 
concentrations as part of Site remediation is currently allowed under DP-200. In addition, 
“…injection of Compliant Water2 with the sole purpose or effect of diluting ground water 
contaminant concentrations is expressly prohibited. Injection is authorized under this permit to 
hydraulically control the movement of contaminated ground water in order to preclude further 
spread of contamination, either within the same aquifer into which injection is occurring or into 
other aquifers that are hydraulically-connected to the injected aquifer…” The NMED should revise 
DP-200 to remove Table 3 and evaluate whether the injection wells used across the site are in 
compliance with DP-200. The ongoing evaluation of Site groundwater quality background values 
by NMED and EPA could also lower the upper compliance limits for injection at the Site.  
 
Pumping clean groundwater from the SAG aquifer for Site remedial efforts risks depletion and 
contamination of the SAG aquifer. As noted by the New Mexico Environment Department 
(NMED) in their comments to the National Remedy Review Board (NRRB), use of the SAG aquifer 
groundwater for Site remediation (creating and maintaining the hydraulic barrier and direct 
injection into the aquifers) has resulted in mining of the SAG groundwater and significantly 
decreased water levels in the SAG aquifer (NMED, 2021). A superior approach would be to 
increase the capacity and effectiveness of the treatment system to treat contaminated 
groundwater from the alluvial and Chinle Formation aquifers and re-use the treated water for 
Site remediation. This approach was also recommended by US EPA’s National Remedy Review 
Board (NRRB, 2021): 

“Given the importance of the SAG aquifer to local communities, the Board 
recommends the Region consider utilizing pumping and treating the alluvial 
aquifer to prevent migration rather than creating a hydraulic mound. The 
remediated water from the treatment systems could be reinjected to the alluvial, 
Chinle, or SAG aquifers, depending on the level to which it is treated. This would 
allow for containment while preventing the use of clean water to create a mound 
in the contaminated alluvial aquifer. Additionally, this approach would minimize 
the use of the SAG aquifer for remedial purposes, reserving it for domestic use.”3 

 
 
  

 
2 “Water that is utilized as injectate in Site ground water abatement activities, the quality of which meets applicable 
Site ground water standards with respect to the receiving aquifer.” (DP-200, pg. 3) 
3 Note that MASE does not agree with the injection of treated water into the SAG aquifer. 
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Figure 5. The hydraulic barrier at the Homestake Site 

 
Source: Homestake Mining Company, 2015, Figure 2-20.  

4. Influence of Homestake’s SAG Pumping Wells on SAG 
Aquifer Groundwater Quality 

 
Homestake owns and operates several wells completed in the SAG aquifer that are or were 
pumped for industrial purposes and freshwater supply, as shown in Figures 6a and 6b. 
Information on their dates of operation, uses, and abandonment is as follows (HMC and Hydro-
Engineering, 2022): 

• Deep Well #1 and #2: used as water supply wells to the post-treatment tank (PTT) for 
treated water injection by Homestake in the project area. Deep well #1 was abandoned in 
2019 and was not used from 2017 through 2019. Deep well #1R was used starting in 
August 2021. Deep well #2R was expected to start in 2022, but HMC reported cavitation in 
the well, cracking concrete at surface completion; the pump was pulled and was not back 
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in service as of February 2023 (NRC, 2023).. Deep wells #1 and #2 and 943 were replaced 
because testing indicated leakage from a shallower aquifer was impacting the wells (DOE, 
2020, pg. 23). 

• Well 951/951R: used for fresh-water injection in the 100-acre center pivot area through 
March 2012; 951R was used from July 2012 through early 2018 with limited usage from 
late 2019 through 2021. Well 951 was replaced with 951R in July 2012 because DOE 
suspected it was pulling the Bluewater SAG aquifer uranium plume to the well (DOE, 
2020, pg. 23). 

• Well 943/943M: used for injection in the 150-acre center pivot, the 24-acre irrigation 
area, and the 120-acre irrigation area and in Felice Acres until May 2017 (abandoned in 
July 2018). SAG well 943M was used starting in December 2017 and is 217 feet northwest 
of 943. 

• Well 928: abandoned in 2018, previously used for irrigation before Homestake’s milling 
operations (drilled prior to June 1940) and was used only for monitoring by Homestake 
(DOE, 2020). 

 
Figure 6a. Location of SAG aquifer wells 943, 951, 951R, the 100-acre center pivot irrigation 
area, and groundwater flow directions in the SAG aquifer (light blue arrows). Note that the 100-
acre center pivot is upgradient of SAG well 943. Replacement well 943M, drilled in December 
2017, is located 217 feet northwest of well 943 (HMC and Hydro-Engineering, 2022). 

 
Source: HMC, 2020 (GCAP), Modified from Figure 3-29. 
 
The extent of the SAG aquifer uranium plume originating from the Bluewater Site, shown in 
Figure 6b, is relatively well defined to the north and west but not to the east and northeast due 
to a lack of wells. The downgradient extent is approximately two miles north of the nearest 
municipal water supply well, Milan Well #4) (DOE, 2020, pg. 24).  
 
Two SAG wells, both of which have been replaced, have shown increasing uranium 
concentrations over time. Use of SAG well 943 as a fresh water supply well ended in May 2017, 
although a pump test was conducted on this well in January 2018; SAG aquifer well 951 was 
replaced by SAG well 951R as the fresh water supply well in April 2012 (HMC and Hydro-
Engineering, 2022, p. 2.1-11). Uranium concentrations over time in SAG wells 951 and the 
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replacement well 951R are shown in Figure 7a, and uranium concentrations over time in SAG well 
943 and its replacement 943M are shown in Figure 7b.  
 
Figure 6b. Uranium plume in the SAG aquifer from the Bluewater Site and wells owned by 
Homestake. The location of SAG pumping and monitoring wells were added using DOE, 2020, 
Figure 11 (the wells were not identified in HDR, 2020). The replacement wells for Deep well #1 
and #2 are in the same location but are completed deeper in the SAG aquifer. 

 
Source: HDR, 2020, Modified from Figure 3-60. 
 
Figure 7a (wells 951 and 951R) shows that uranium concentrations were below the maximum 
contaminant level (MCL) of 0.03 mg/L at approximately 0.025 mg/L in the mid-1990s. 
Concentrations were consistently above the MCL in this well from December 2005 through March 
2012. More than 80% of the uranium concentrations measured in well 951R have exceed the 
MCL value of 0.03 mg/L, including a high value of 0.08 mg/L in December 2014 that does not 
appear to be an outlier (data from 2012 – 2019; Holland and Hart, 2019 database). It is clear from 
Figure 6b that wells 951 and 951R are both located inside the Bluewater Site uranium plume. 
Pumping of these wells, including the replacement well, likely expanded the plume toward the 
wells. Pumping from well 951R should also be discontinued, and the well should be properly 
closed. 
 
Figure 7b (wells 943 and 943M) shows that uranium concentrations were at or below detection 
from 1997 to 2003. Uranium concentrations began to increase in 2004 and continued to increase, 
with frequent large spikes – up to 0.122 mg/L – through January 2018. The well was replaced 
with well 943M in December 2017, but some overlap in monitoring existed, as shown in Figure 
5b. Uranium concentrations in well 943M have been at or near detection (0.0003 mg/L) since 
early 2018. 
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Figure 7a. Uranium concentrations in SAG aquifer wells 951 and 951R.   

 
 
Figure 7b. Uranium concentrations in SAG aquifer wells 943 and 943M.  

 
Data source for Figs. 7a/7b: Access database file GRANTS.mdb sent by Holland and Hart, October 2019. 
 
Homestake has concluded that the uranium contamination in SAG well 943 came from “an 
overlying aquifer” (HMC, 2020, pg. 4-16) as a result of a faulty casing. US EPA determined that the 
elevated uranium results resulted from corrosion of the casing and other integrity concerns, 
allowing groundwater with higher uranium concentrations to enter the well through the casing 
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from the shallower alluvial and Chinle aquifers (US EPA, 2021, pg. 20). However, a pump test 
conducted on well 943 did not show a connection with the overlying alluvial, Middle Chinle, and 
Lower Chinle aquifers (NRC, 2018). And water quality samples from well 943 showed “a stark 
difference from the 943M sample and similar but slightly higher concentrations from those of the 
overlying aquifers” (HMC and Hydro-Engineering, 2018), indicating uncertainty about the source 
of observed contamination in well 943. 
 
It is also possible that uranium in SAG well 943 was sourced from the discharge of contaminated 
Site water to the 100-acre center pivot irrigation area, which is shown in Figure 6a. Uranium 
concentrations in several wells near the 100-acre center pivot are higher than those measured in 
SAG wells 943 and 951 (including wells 654, 659, 881, 886, 888, 890, and H16). More work is 
needed to investigate the potential sources of contamination in SAG well 943.  
 
The existing and potential future contamination of the regional SAG aquifer highlights the 
importance of determining water quality background values for the SAG aquifer. A thorough 
examination of background water quality in the SAG aquifer is needed before any additional 
contamination, regardless of the source, occurs. 

5. Influence of the San Mateo Creek Alluvium on the Rio San 
Jose Alluvium 

The San Mateo Creek alluvium has been contaminated by the Homestake site. The San Mateo 
Creek and the Rio San Jose alluvial aquifers have a paleochannel confluence south of the 
Homestake site, as shown in Figure 8. The paleochannel confluence is the location where the 
ancestral Rio San Jose and ancestral San Mateo Creek joined in the distant past. Ancestral Rio San 
Jose alluvium was buried by Bluewater Basalt flows. More recent Rio San Jose alluvium overlies 
the basalt (DOE, 2014).  
 
The 2020 RI Report (HDR, 2020, p. 3-12) states: 

“A closer look at the uranium concentrations in the Rio San Jose is provided in 
Figure 3-7 which presents the 2017 uranium concentrations measured for the Rio 
San Jose alluvial aquifer and the San Mateo alluvial aquifer in an area extending 
from the confluence of the alluvial aquifers to the south. Higher uranium 
concentrations exist in the Rio San Jose alluvial aquifer to the northwest of the 
San Mateo confluence.”  

 
However, as shown in Figure 9, uranium concentrations in the San Mateo Creek alluvial aquifer 
are higher than those in the Rio San Jose alluvial aquifer upstream of the confluence zone. The 
differences in uranium concentrations indicates that the Site could be an important source of 
contaminants to downgradient parts of the Rio San Jose aquifer and potentially to the SAG 
aquifer.  
 
A report by DOE on the Bluewater Site (DOE, 2014) also contradict the conclusion in the RI/FS 
that higher uranium concentrations derive from the Bluewater site: “Operations at the 
Homestake uranium mill…contaminated the San Mateo Creek alluvial aquifer underlying the 
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Homestake tailings piles. This is the primary source of contaminated alluvial groundwater in the 
vicinity of Milan.” The DOE report further notes that alluvial groundwater downgradient of the 
paleochannel confluence “…contains contaminants from both the Bluewater and Homestake 
sites” and “continues southeast toward Milan” (DOE, 2014, Executive Summary).  
 
Figure 8. The paleochannel confluence zone of the Rio San Jose and San Mateo Creek alluvial 
aquifers. 

 
Source: HDR, 2020, Figure 3-7. 
 
Figure 9. Uranium concentrations in the San Mateo Creek and Rio San Jose alluvial aquifers 
upgradient of the paleochannel confluence zone. 

 
Source: Modified from HDR, 2020, Figure 3-7. 
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In terms of uranium contamination affecting downgradient Rio San Jose alluvial groundwater, the 
same DOE report (DOE, 2014, Executive Summary) states: 

“The volume of flow and contaminant mass contributed by San Mateo Creek alluvial 
groundwater to the Milan area appear to be much greater than those contributed by 
Rio San Jose alluvial groundwater. The actual proportion of Bluewater-derived 
uranium in the alluvial aquifer downgradient from where flows from the respective 
sources merge is unknown.” 
 

The municipal supply wells for Bluewater, Milan, and Grants, which are completed in the 
SAG aquifer, did not show increasing concentration trends for uranium (DOE, 2014). 
However, because the hydrogeologic settings are somewhat similar for the Bluewater and 
Homestake sites and releases from the Bluewater site have contaminated the SAG aquifer, 
a similar transport mechanism could be acting for the Homestake site where the alluvium 
lies directly on the SAG aquifer. 
 
More work is needed to estimate the potential for groundwater contamination downgradient of 
the paleochannel confluence zone. The relative flux of contaminants entering and leaving the 
paleochannel confluence from the Homestake and Bluewater sites. Cross-sections of saturated 
alluvial groundwater and a range of measured contaminant concentrations (including uranium, 
selenium, sulfate, and other known Site contaminants) could be used to estimate relative fluxes 
from the two sites.  

6. Summary and Recommendations 
• The revised conceptual site model in the SAG characterization report (HDR, 2022) 

concludes that the alluvium is saturated above the SAG subcrop, and it summarizes the 
findings of the hydrogeologic, geochemical, and geophysical investigations. It also finds 
that the SAG subcrop area is larger than previously identified. The report does not map 
new alluvial well OB-2 in the expanded SAG subcrop area, but the well log shows that it is 
in saturated alluvium overlying the SAG aquifer, indicating that the subcrop area still 
needs to be expanded. The report fails to evaluate current or future risks to the SAG 
aquifer from uranium mill tailings seepage at the former Homestake and the Bluewater 
mill sites.   

• More information is needed on alluvial water quality just upgradient of the SAG subcrop, 
and, ideally, additional strategically placed alluvial monitoring wells should be developed 
in the SAG subcrop area. Boring OB1 is completed through the Rio San Jose alluvium and 
screened in the upper, weathered SAG aquifer. Water quality from this well would 
provide important information on the quality of water directly overlying the more 
indurated portion of the SAG aquifer in the subcrop. No water quality data are presented 
for the three new OB wells, and there is no reason water quality samples from these wells 
could not have been collected and analyzed.  

• Increasing concentrations of uranium in SAG wells 943 and 951 is concerning, and more 
work is needed to investigate potential sources of contamination in SAG wells 943 and the 



17 

effect of land application of contaminated alluvial groundwater on the SAG aquifer 
generally. Pumping of well 951, including the replacement well 951R, likely expanded the 
Bluewater uranium plume toward the wells. Well 951 has been abandoned, but pumping 
from well 951R should also be discontinued, and the well should be properly closed. 

• Every effort should be made to minimize and quickly eliminate pumping of SAG aquifer 
wells for Site remediation. Instead, treatment of contaminated alluvial and Chinle 
groundwater should be expanded and used to maintain the hydraulic barrier at the Site.  

• The NMED should revise DP-200 to remove Table 3 and evaluate whether the injection 
wells used across the site are in compliance with DP-200. The ongoing evaluation of Site 
groundwater quality background values by NMED and EPA could also lower the upper 
compliance limits for injection at the Site. 

• A thorough examination of background water quality in the SAG aquifer is needed before 
any additional contamination, regardless of the source, occurs. 

• More work is needed to identify potential flow paths from the San Mateo and upper Rio 
San Jose alluvial aquifers to the paleochannel confluence area to apportion liabilities for 
the Homestake versus the Bluewater sites. This off-site impact has not been considered as 
part of the HMC Superfund Site, and an addition operable unit (OU) may be required. The 
RI/FS (HDR, 2020) for the Homestake site concludes that uranium concentrations entering 
the paleochannel confluence are higher in the San Mateo Creek than in the upper Rio San 
Jose aquifer coming from the Bluewater Site. But the available data and the DOE (2014) 
report contradict this finding and indicate that the flux of contaminants from the San 
Mateo Creek alluvial groundwater is much greater than that contributed by Rio San Jose 
alluvial groundwater. The relative proportions of uranium, selenium, and other known 
Site contaminants coming from the Bluewater and Homestake sites should be determined 
to estimate relative fluxes and attributions from the two sites. Groundwater downstream 
of the paleochannel confluence flows to the south toward Milan and potentially into the 
regional SAG aquifer.  
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