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Executive Summary 
Brown and Caldwell (BC) has prepared hydrogeologic site conceptual models (HSCMs) for the Homestake 
Min ing Company of California (HMC) Mill Site (Site HSCM) and the surrounding San Mateo Creek (SMC) 
groundwater basin (Regional HSCM) near Grants, New Mexico. This technical memorandum is the culmina­
tion of our review of background information related to local and regional geology, hydrogeology, water qual­
ity, ongoing remediation activities, and regulatory issues at the HMC Mill site and other sites in the SMC Ba­
sin. 

The general objective of BC's Phase I background review is to develop both site-specific and regional HSCMs 
that will form the framework for development of numerical groundwater flow and contaminant transport 
models covering both regional and site scales. An HSCM is a summary of available knowledge related to 
groundwater flow and water quality of the principal hydrostratigraphic units at a certain location and scale. 
The Site and Regional HCSMs describe the current understanding of the following: 

• Geologic conditions affecting groundwater flow and water quality, including the influence of geologic 
structures (e.g. , faulting) 

• Identification of principal hydrostratigraphic units and aquifers 

• Locations and mechanisms of recharge of water to and discharge from principal hydrostratigraphic units 
and aquifers 

• Groundwater flow directions and hydraulic gradients 

• Physical properties of hydrostratigraphic units and aquifers, including transmissivity, hydraulic conductiv­
ity, and groundwater storage 

• Potential for flow interactions between hydrostratigraphic units and aquifers 

• Anthropogenic influences on principal hydrostratigraphic units and aquifers (extraction, injection, and 
water quality impacts) over time 

The HMC Mill site is located about 6 miles north of Grants in the southern (lower) SMC Basin. The SMC Basin 
includes the Grants Mineral Belt, which produced more uranium than any other district in the world during 
the period 1951- 80. There are more than 85 legacy mining and mill sites in the SMC Basin and mining and 
remediation activities have had a significant impact on local and regional groundwater flow conditions and 
wate r quality. 

Signif icant remedial activities have occurred in the following four uranium mill sites in the SMC Basin: 

• HMC Mill site 

• Bluewater Mill site, about 7 miles to the west of the HMC 

• Rio Algom/Quivira Mill site (also referred to as the Ambrosia Lake Mill site) in the northern (upper) SMC 
Basin 

• Phillips Mill site, also in the Ambrosia Lake area 

Regionally, the SMC Basin is located in the southeastern portion of the Colorado Plateau physiographic prov­
ince on the south flank of the San Juan Basin. The region experienced structural deformation during the 
Laramide Orogeny from near the end of the Late Cretaceous through the Eocene. Uplift associated with this 
orogeny formed the Zuni Mountains to the southwest of the SMC Basin, which consists of a northwest-trend­
ing monoclinal fold dipping northeast into the San Juan Basin . The SMC Basin lies on the eastern flank of 
the fold , resulting in bedrock and strata that dip to the north-northeast at about 5 to 10 degrees into the San 
Juan Basin. 

The primary regional aquifer units in the San Juan Basin, which include groundwater flow originating in the 
SMC Basin, are as follows (from youngest to oldest): 
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. Quaternary valley fill deposits (alluvium) 

. Menefee Formation 

. Point Lookout Sandstone 

• Crevasse Canyon Formation 

• Gallup Sandstone 

. Dakota Sandstone 

. Morrison Formation 

. Bluff Sandstone 

. Entrada Sandstone 

. San Andres/Glorieta (SAG) aquifer 

The Morrison Formation , Entrada Complex, and SAG are considered the major aquifers in the SMC Basin. 

The SMC Basin is primarily a region of recharge to groundwater, both to shallow and deeper hydrostrati­
graphic units. Groundwater recharge, discharge, and flow characteristics as well as aquifer physical proper­
ties for each of the principal aquifers in the SMC Basin are provided as part of the Regional HSCM. The ef­
fects of groundwater extraction in the alluvial, Morrison Formation, and SAG aquifer on regional flow 
conditions are presented. The main structural features in the SMC Basin consist of north- to northeast-trend­
ing subvertical normal faults , which may locally either impede or facilitate groundwater flow, depending on 
orientation and offset. 

Locally at the HMC Mill site, uranium ore from the Grants Mineral Belt was processed at the site from 1958-
90 (HDR 2016). The site currently consists of partially reclaimed tailings piles, buried (i.e., reclaimed) mill 
debris, and wells and evaporation ponds related to ongoing active groundwater restoration . 

The following four geologic units are present at the HMC Mill site: 

Alluvium 

Chinle Formation 

San Andres Limestone 

Glorieta Sandstone 

Quaternary alluvium underlies the entire site, has variable hydraulic characteristics, and is generally 50 to 
100 feet thick. 

The Chin le Formation is up to 900 feet thick at the site. Although the Chin le is dominated by low-permeability 
shale units, beneath the site it contains three water-bearing units of relatively higher permeability. These wa­
ter-bearing units are referred to as the Upper Chin le Sandstone, Middle Chinle Sandstone, and Lower Chin le 
Mudstone. 

The lowermost units of interest at the site are the San Andres Limestone and Glorieta Sandstone, which to­
gether are 200 to 225 feet thick. The SAG is overlain by an unconformity and underlain by the lower-permea­
bility Yeso and Abo formations. 

The sedimentary rock units at the site dip gently to the east-northeast, following the regional dip of these 
units. Pre-Quaternary deformation and erosion has resulted in sedimentary rock units that subcrop beneath 
the alluvium at the site. 

Two north-northeast-trending normal faults are present at the site, known as the East Fault and West Fault. 
These faults are approximately vertical and down-dropped on the east. The vertical displacements of the 
faults have juxtaposed the more permeable units of the Chin le Formation aga inst less permeable mudstone 
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layers, thus affecting the local flow regime. The San Andres Limestone and Glorieta Sandstone, although ver­
tically displaced , maintain horizontal connectivity across the faults and flow is not affected. 

The primary sources of groundwater contamination at the HMC Mill site are the Large and Small tailings 
piles. Historical seepage of process-water-bearing uranium and other trace radioactive and non-radioactive 
constituents resulted in loading of metals to alluvial groundwater beneath the tailings piles. Contamination 
has since migrated to the Upper, Middle, and Lower Chin le water-bearing zones. Groundwater contamination 
from the HMC Mill site has not been detected in the SAG aquifer. Substantial progress in reducing constitu­
ent concentrations has been made in the alluvial and Chin le water-bearing zones since remediation activi­
ties began in the 1980s. 

The descriptions of the Regional and Site HSCMs provided here are the culmination of BC's review of availa­
ble background information related to local and regional geology and hydrogeology in the SMC Basin. The 
data and descriptions of geologic conditions, principal aquifer units, locations and mechanisms of groundwa­
ter recharge and discharge, groundwater flow directions and hydraulic gradients, and aquifer physical pa­
rameters will form the basis for numerical model development at both the regional and site scales. BC will 
provide a detailed plan for numerical model development as part of the next phase of support for developing 
flow and transport models for the SMC Basin and the HMC Mill site. 
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Section 1: Introduction 
Brown and Ca ldwell (BC) is pleased to present two hydrogeologic site conceptua l models (HSCMs) for the 
Homestake Mining Company of Ca lifornia (HMC) Mill Site (Site HSCM) and the surrounding San Mateo Creek 
(SMC) groundwater basin (Regional HSCM) near Grants, New Mexico. This technical memorandum is the cul­
mination of our review of background information related to local and regional geology, hydrogeology, water 
quality, ongoing remediation activities, and regu latory issues at the HMC Mill site and other sites in the SMC 
Basin. The scope of BC's review of background information (Phase I) was described in our Scope of Work 
and Cost Estimate: Groundwater Modeling Activities (letter dated June 8 , 2017). 

The general objective of BC's Phase I background review is to develop both site-specific and regional HSCMs 
that will form the framework for development of numerical groundwater flow and contaminant transport 
models covering both regional and site scales. An HSCM is a summary of available knowledge related to 
groundwater flow and water quality of the principal hydrostratigraphic units at a certain location and scale. 
The understanding of the site and region include the following descriptions, with appropriate graphics, ta­
bles, and supporting information: 

• Geologic conditions affecting groundwater flow and water quality, including the influence of geologic 
structures (e.g. , faulting) 

• Identification of principal hydrostratigraphic units and aquifers 

• Locations and mechanisms of recharge of water to and discharge from principal hydrostratigraphic units 
and aquifers 

• Groundwater flow directions and hydraulic gradients 

• Physical properties of hydrostratigraphic units and aquifers, including transmissivity, hydraulic conductiv­
ity, and groundwater storage 

• Potential for flow interactions between hydrostratigraphic units and aquifers 

• Anthropogenic influences on principal hydrostratigraphic units and aquifers (extraction, injection, and 
water quality impacts) over time 

These elements of the HSCMs will form the basis for numerical model development, including lateral model 
domain extents, model layer structures, boundary conditions, physical parameterizations, and calibration 
approaches. The following sections describe the Regional and Site HSCMs based on available data and re­
ports, which are cited in the appropriate sections. 

Section 2: Regional Hydrogeologic Site Conceptual Model 
The HMC Mill site is located about 6 miles north of Grants in the SMC Basin, which encompasses an area of 
approximately 321 square miles and is shown by the blue outline on Figure 1 (the scale of which is approxi­
mately 1 inch = 10 miles). The SMC Basin includes the Grants Mineral Belt, which produced more uranium 
than any other district in the world during the period 1951- 80 (HOR 2016). There are more than 85 legacy 
mining and mill sites in the SMC Basin and mining and remediation activities have had a significant impact 
on local and regional groundwater flow conditions and water quality. 

Significant remedial activities have occurred in four uranium mill sites in the SMC Basin, which are shown on 
Figure 2. The scale of Figure 2 is approximately 1 inch= 4 miles and the location of the HMC Mill site relative 
to Grants (about 6 miles north), the slight bend in State Highway 605, and the north boundary of Cibola 
County are useful reference points for subsequent maps in this technical memorandum. These include the 
HMC Mill site and Bluewater Mill site in the lower (southern) SMC Basin , which is defined as the portion be­
low the confluence of San Mateo and Arroyo del Puerto (Figures 1 and 2). The Rio Algom/Quivira Mill site 
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(also referred to as the Ambrosia Lake Mill site) and the Phillips Mill site in the Ambrosia Lake area are lo­
cated in the upper (northern) SMC Basin about 12 miles north of the HMC Mill site (Figure 2). Significant 
groundwater data have been collected at these sites associated with past and ongoing remedial activities, 
and these data have been used in the development of the Regional HSCM in this section and the Site HSCM 
in Section 3. 
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Figure 1. Site Location Map 
Source: HOR 2016 
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Main Tailings 

Dl7a1Ce1I 

Figure 2 . Location of Historical Uranium Mill ing Operations 
Source: U.S. DOE 2014 
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2.1 Regional Geology 
The SMC Basin is located in the southeastern portion of the Colorado Plateau physiographic province on the 
south f lank of the San Juan Basin. The geographic features overlying the San Juan Basin in northwest New 
Mexico are shown on Figure 3. The San Juan Basin extends from the Chuska Mountains near the Arizona 
border on the west to the Sierra Nacimiento on the east (Figure 3). The region experienced structural defor­
mation associated with the Zuni Uplift Uust south of Grants), which occurred during the Laramide Orogeny 
from near the end of the Late Cretaceous through the Eocene (HDR 2016). This uplift formed the Zuni Moun­
tains to the southwest of the SMC Basin, which consists of a northwest-trending monoclinal fold approxi­
mately 75 miles long and 30 miles wide to the southwest of Grants that exposes Precambrian basement in 
its core (Langma n et al. 2012). The SMC Basin lies on the eastern flank of the fold , resulting in bedrock that 
dips to the north-northeast at about 5 to 10 degrees into the San Juan Basin. 

Surface geology in the SMC Basin includes overlying Tertiary units consisting of widely scattered andesite 
and basalt flows from volcanic activity associated with the Mount Taylor volcanic field (HDR 2016). An ero­
sional period following the volcanism created the valley forms observed in the SMC Basin, eroding the sur­
face up to 150 to 200 feet below the current land surface (Langman et al. 2012). The valleys subsequently 
filled with younger Quaternary sediment and additional basalt flows to create the present land surface. Sedi­
ment from eroding highlands was deposited in the valleys as unconsolidated alluvium. Figure 4 shows the 
general extent of alluvium within the SMC Basin. 
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Subsurface geology in the SMC Basin consists of a thick section of sedimentary units inc luding limestone, 
sandstone, and shales deposited during the Permian, Triassic, Jurassic, and Cretaceous periods. The pri­
mary Paleozoic and Mesozoic sedimentary units (with common map abbreviations) in the basin are summa­
rized as follows from youngest to oldest (Mccraw et al. 2009): 

Cretaceous: 

Menefee Formation (Kmf): interbedded shales, siltstones, fine- to medium-grained sandstones, 
mudstones, and thin coals 

Point Lookout Sandstone (Kpl): medium- to fine-grained cross-bedded sandstone 

Crevasse Canyon Formation (Kc): 

• Gibson Coal Member (Keg): interbedded siltstone, thin- to medium-bedded sandstone, and 
black coal 

• Dalton Sandstone Member (Kcd): various sandstones 

• Dileo Coal Member (Kcdc): interbedded siltstones, thin- to medium-bedded sandstones, and 
black coal 

Gallup Sandstone (Kg): medium- to thick-bedded , cross-bedded sandstones, including Main (Kgm), 
Upper (Kgu), and Lower tongues (Kgl) 

Mancos Shale (Km): shale and silty shale intercalated with finely laminated to cross-bedded thinly 
bedded sandstone, including: 

• Mulatto Tongue (Kmm): th in-bedded tabular to ripple-laminated sandstone and black shale 

Dakota Formation (Kd): alternating sandstones and shales 

Jurassic: 

Morrison Formation (Jm): 

• Brushy Basin Member (Jmb): mudstone interbedded with thin lenticular beds of fine- to me-
dium-grained sandstone 

• Westwater Canyon (Jmw): fine- to medium-grained sandstones interbedded with mudstones 

San Rafael Group (aka Entrada Complex): 

• Bluff Sandstone (Jb): sandstones 

• Summerville Formation (Js): thin alternating beds of mudstone, siltstone, and sandstone 

• Todilto Limestone (Jt): limestone 

• Entrada Sandstone (Je): a three-member formation consisting of upper and lower sandstones 
with a middle siltstone 

Triassic: 

Chin le Group (TRc): mudstone and siltstone with clayey/silty sandstone lenses 

• Permian: 

San Andres (Psa): upper and lower massive fossiliferous limestone separated by sandstone 

Glorieta (Pg): massive, well-sorted and cemented fine- to medium-grained sandstone 

Yeso (Py): sandstone, clayey sandstone, and siltstone mixed with carbonates and evaporites 

Abo (Pa): fine- to coarse-grained sandstone, siltstone, and mudstone with conglomerates in lower 
unit 

Figure 5 shows the surface geology in the SMC Basin, including the Precambrian crysta lline basement rocks 
of the Zuni Uplift. The HMC Mill site is approximately 6 miles north of Grants on State Highway 605. Figure 6 
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presents a generalized southwest-to-northeast cross section through the basin showing the general relations 
and relative thicknesses of the sedimentary units described above (note: the section line shown on Figure 5 
is not the same as the one on Figure 6). 

As noted, the SMC Basin lies at the southern margin of the San Juan Basin (roughly the southern margin of 
the area shown on Figure 3) . Sedimentary units in the SMC Basin dip toward the north-northeast into the 
main San Juan Basin, as shown on Figure 6. Figure 7 shows a conceptual southwest-northeast geologic 
cross section that transects the entire San Juan Basin (from Frenzel and Lyford 1982), which illustrates the 
larger-scale dip of bedrock units toward the center of the basin. In the southwest (SMC Basin), a relatively 
thin section of Paleozoic strata (the Abo and Yeso formations) is present between the San Andres Limestone 
and underlying Glorieta Sandstone (collectively referred to as the SAG) and the underlying Precambrian 
basement that thicken northeast toward the center of the San Juan Basin. 
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2.2 Principal Hydrostratigraphic Units and Aquifers 
Stone et al. (1983) identified the primary aquifer units in the San Juan Basin, which include groundwater 
f low originating in.the SMC Basin. These include the following (from youngest to oldest): 

. Quaternary valley fill deposits (alluvium) 

. Menefee Formation 

. Point Lookout Sandstone 

. Crevasse Canyon Formation 

. Gallup Sandstone 

. Dakota Sandstone 

• Morrison Formation 

• Bluff Sandstone 

• Entrada Sandstone 

• San Andres/Glorieta (SAG) aquifer 

These units are shown in Figure 7, which includes other units at the scale of the entire San Juan Basin. 

Brod and Stone (1981) present an interpretation of aquifer units focused more specifica lly on the SMC Ba­
sin . They categorize the aquifers as alluvium, the Menefee Formation, Point Lookout Sandstone, Crevasse 
Canyon Formation, Mancos Shale Sandstone, Dakota Sandstone, Morrison formation , Bluff Sandstone, 
Todilto Sandstone, Chin le Formation, and SAG aqu ifer. Most of these units are highlighted in blue in the 
cross section shown on Figure 6. 

Langman et al. (2012) provide a deta iled summary of regional aquifer properties along with characteristics 
of other hydrostratigraphic un its, including thicknesses and typical flow directions (Table 1). Unlike previous 
researchers, Langman et al. (2012) characterize the Menefee, Point Lookout, Crevasse Canyon, Gallup, 
Mancos, and Dakota units as "discontinuous" aquifers in the SMC Basin, suggesting more localized flow 
zones with discontinuous flows at a larger scale. The Tertiary volcanic rocks shown on Figure 5 are typically 
ridge-forming units in the SMC Basin and unlikely to form aquifers (Langman et al. 2012). The Morrison For­
mation, Entrada Complex, and SAG are considered the major aquifers (Table 1). 

Groundwater flow in other geologic units is considered limited and is influenced by localized conditions. 
Langman et al. (2012) note that both the Mancos Shale and Chinle Formation, while producing some water, 
typically inhibit vertical (and some horizontal) flow due to the presence of thick sequences of low-permeabil­
ity shale. 

The alluvial , SAG, and permeable horizons in the Chin le are the units present beneath the HMC Mill site and 
local details are discussed in Section 3.2. 
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Table 1. Stratigraphic, Lithologlc, and Aquifer Characteristics of Geologlc Deposits and Formations in the SMC Basin 

[ft, fttt; %, percent; NA, not available; <, less than] 

Deposit/ Geologic 1 Deposit/formation Surface location in Thickness 
the target area 

formation age description 
(figs. 4 and 8) 

(ft) 

Ouarternary 
Alluvi\llll (Qa) Quaternary- Alluvi!Dll eroded from surrounding Valley floor Highly 

uppci- formations variable 
Pleistocene 
to Holocene 

Neogene 

Flows and volca- 'eogenc Lava, pyrodastic flows, and associated Forms mesa caps on Highly 
noclastics ([ nv volcanoclastics from the Mount Taylor basin highlands variable 
and Tpb) Volcanic Field 

Cretaceous 

Menefee (Kmf) Late Intctbeddcd mudstoncs, siltstoncs, ~ to orthcastern part of lffighly 
Cretaceous mcdium-gr.uned sandstones, nrudstones. basin variable 

and thin coals (eroded), up 
to 1,000 ft 
thick 

Point Lookout Late Medium to fine-grained. cross-bedded E,qiosed along northern 0 120 
(Kpl) Cretaceous sandstone rim areas 

Crevasse Canyon Lare Intcrbcdded siltstone. sandstone. and coal E,qiosed along rim ' 800 
(Kee) Cretaceous with thin conglomcr.Jtcs 

Mulatto Tongue Late Thin-bedded. tabular to ripple-laminated E-:posed along rim '305 
ofMancos Cretaceous sandstone (well to moderately sorted and 
(Kmm) very fine gr.iined) and black mudstone 

Gallup(Kg) Late Cross-bedded. moderately-sorted. very E,qiosed along rim '7H5 
Cretaceous fine. to ~gr.uncd sandstone 

Mancos(Km) Middle Mudstone and silty mudstone with E,qiosed along base of ' 125-710 
Cretaceous finely laminated to cross-bedded thin mesas on northern 

sandstone layers (well sorted and fine basin boundary 
grained) 

Dakota(Kd) Middle 'SandstODCS derived from marine shore- Exposed along base of '50-60 
Cr<1aceous faces, intertongues with Mancos mesa on the south-

west basin bowxlary 

Jurassic 

Morrison (Jm) Upper Mudstone and sandstone Minor exposure on La :.,700 

Jurassic Jara Mesa 
'Entrada Complex-Early to J\,fiddle Jurassic composed of the Entrada. Todilto, Summerville, and Bluff Formations 

Source: Langman et al. 2012 
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Porosity/ 
permeability 

Possibly large penne-
ability 

Possible large porosity 
in vesicular basalts, 
but low pmneability 
unless fractured 

30"/o sandstone, 65% 
shale, dcce:nt lcnse 
pmneability 

Likely porous with 
sandstone dominance 

Highly \-'3fiable 

Larger porosity than 
maio body of Man-
cos shale 

Likely porous with 
sandstone dominance 

Small pem1eability 
given dominance of 
shale layers 

Likely porous with 
sandstone dominance 

Highly variable 
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'Direction Aquifer 
of flow present 

Variable Yes 

Away from Unlikely as an aquifer. 
Mo1mt Likely runoff or per· 
Taylor colation to underly-

ing formations 

East to 3Disc.ontinuous 
northeast 

East to 'Discontinuous 
northeast 

East to 3Discontinuous 
northeast 

Ea.st to 3Discontinuous 
northeast 

East to 3Discontin.uous 
northeast 

East to 3Posstoly discontinuous 
northeast 

East to ipoSSJoly discontinuous 
northeast 

East to Yes 
northeast 



Summary of San Mateo Creek Basin Hydrogeologic Site Conceptual Models 

Table 1. Stratigraphic, lithologic, and Aquifer Characteristics of Geologic Deposits and Formations in the SMC Basin (cont.) 

[ft, feet; ~~. po=t; NA, not available; <, less than] 

Deposit/ Geologic 1 Deposit/fonnati on 
Surface location in 

Thickness Porosity/ 'Direction Aquifer 
formation age description the target area 

(Ill permeability of flow present 
(figs. 4 and 8) 

B!uff (Jb) Middle Sandstone Not e.~sed in the basin 2<5-300 Small penncability for East to Yes 
Jurassic a sandstone' northeast 

SUlllllleIVille (Js) Middle Thin alternating beds of arudstone, silt- Not e.'lpOsed in the basin NA NA Eastto Yes 
Jurassic stone, and sandstone northeast 

Todilto (Jt) Eady Jurassic Limestone Not exposed in the basin NA NA East to Yes 
northeast 

Entrada (Jc) Eady Jurassic 1 A three member f=tion consisting Not e.'lp()sed in the basin NA NA East to Yes 
of upper and lower sandstones with a northeast 
middle siltstone 

Triassic 

Chinlc Group Triassic '?vludstone and siltstone ~;th clayey/silty Not exposed in the basin 71.250 ' Small East to 'Yes. but limited 
(TRc) sandstone tenses no~ast aquifer because of 

dominance of shales 

Permian 

San Andres (Psa) Late Permian 'Marine, upper and tower massive fos- ot exposed in the basin 7225 (San Large permeability 'East Yes. major aquifer 
siliferous limestone separated by a Andres and 
sandstone unit Glorieta) 

Glorieta (Pg) Middle to late 'Massive, well-sorted. welJ.<:=ted, fine- ot exposed in the basin A 1East Yes major aquifer 
Permian to mcdiwn-graincd sandstone 

Yeso(Py) Early Permian -'Sandstone, clayey sandstone. and silt- Not exposed in the basin 11,000 Small penneability Unknown 'Leal-y basal mit for 
stone mi.xcd with carbonates and evapo- the San Andres/ 
rites deposited under marine conditions G!orieta aquifer 

Abo (Pa) Early Permian 'fine- to co~grained sandstone, Not e.'lp()sed in the basin 71,000 Small penneability Unknown 'Leaky confining unit 
siltstone, and mudstone with conglomer-
ates in the tower unit deposited during 
continental conditions 

'~scriptions from McCnw and olhm (2009) and New Mexico Bureau of Geology and Mineral Resourc .. (2003) unless otbtrwise noted. 11,e flow-<lirection indication depends on the study area of the cited 
... f.,ences . According to the rtferene ... flow directions w"'e mostly northeastward closer to the Zuni Moun1ains and mort eastward closer to the McCarty S)-ncl.in• undrr Mount Taylor (fig. 3). 

'Stone and otbtrs, 1983. 
'Gii.= a review of existing local and ,.gional information, a producti\'e aquifer is unlikely present in th= formations within tbt study area but small amounts of groundwater may be present. 
'lv!aximum tbicknrss. 
'Roca Honda Resources, LLC, 2009a. 
'Entnda Complex-this tenn is used solely for this ... port to descnl>e the early to late Jurassic deposits that h.a,:e not been well chscrimin.ated in the study area. 11,e Entnda is the dominant fonnation and tbt 

pre=ice oflhe Todilto bas bttn identified by the authors from m.i ew of driller's not ... 11,e pre~ of Bluff and Summ<'rville Formations in this area is ~atable and beyond tbt SCOJl<' of this report. 
'BaldwinandAndmolm.1992. 
'Gordon, 1961. 
'Baars, 1962. 

Source: Langman et al. 2012 
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2.3 Groundwater Recharge, Discharge, and Flow Directions 
The SMC Basin is primarily a zone of recharge to groundwater, both to shallow and deeper hydrostratigraphic 
units. Discussion of groundwater recharge, discharge, and flow characteristics for each of the principal aqui­
fers is provided in the following sections. 

2.3.1 Quaternary Alluvium 

Groundwater flow in near-surface Quaternary deposits (primarily alluvium) is generally similar to topography. 
Natural recharge to the alluvium is derived from direct precipitation, spring snowmelt, and surface runoff. In 
general, unconfined groundwater flow follows the courses of Arroyo del Puerto and SMC toward the south­
western portion of the SMC Basin. The full lateral extent of alluvium is typically not saturated, and the occur­
rence and condition of saturated alluvial material to yield usable quantities of water to a well is discontinu­
ous, highly variable, and transitory (Weston 2016). Brod and Stone (1981) presented water levels from nine 
locations covering most of the SMC Basin, as shown on Figure 8 (the HMC site is just off the southwest cor­
ner of the map). A more extensive regional representation of alluvial groundwater elevations, developed by 
Baldwin and Anderholm (1992), is shown on Figure 9; the HMC site is about 6 miles (one township) north of 
Grants on the map. The interpretation shows southwesterly flow in the vicinity of the HMC site with a hydrau­
lic gradient ranging from 10 to 40 feet per mile. It also shows flow southwest out of the SMC Basin and into 
the alluvium of the Rio San Jose. 

Numerous wells have been installed in alluvial materials associated with studies at each of the four mill 
sites that have been used to characterize recent groundwater flow directions in alluvium in the SMC Basin. 
Figure 10 shows more recent alluvial groundwater elevation contours in alluvium of Arroyo del Puerto near 
the Phillips and Rio Algom mills (northwest of the HMC Mill site). Figure 11 presents groundwater elevations 
in the alluvium near the Bluewater and HMC mills (the large oval HMC tailings pile is visible in the northeast 
part of the map). In general, flow directions are consistent with regional patterns; local perturbations due to 
pumping and recharge in the vicinity of the HMC Mill site are discussed in Section 3.3.1 
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Source: Brod and Stone 1981 
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Figure 10. Alluvial Groundwater Elevations Near the Phillips and Rio Algom Mills 
Source: NMONRT 2010 
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Figure 11. Alluvial Groundwater Elevations in the Vicinity of the Bluewater and HMC Mill Sites 
Source: U.S. DOE 2014 
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2.3.2 Menefee Formation 

The Menefee Formation outcrops at the surface in the eastern upper SMC Basin in and near the town of San 
Mateo (Figure 5). Groundwater in the Menefee is unconfined and receives recharge from direct precipitation, 
spring snowmelt, and surface runoff. Flow is generally toward the west and discharges into alluvium of SMC. 
Groundwater also discharges from the Menefee as spring flow into El Rita, San Lucas, and San Mateo 
creeks. Figure 12 presents a potentiometric surface map for the Menefee Formation in the vicinity of the 
town of San Mateo developed by Brod and Stone (1981) showing westerly groundwater flow. The Menefee is 
not present to the south in the lower SMC Basin (Figure 5). 

O Well in Menefee Fm . 

O Well in Pt. Lookout Ss. 

4 Well number 

7181 Ground-water elev.,ft 

7600,-Ground elev ., ft 

\ 
I l o, 

71241 
\ 
I 
\ 
I 
I 
I 
\ 
I 

Figure 12. Historical Menefee Groundwater Elevations in the Upper San Mateo Creek Basin 
Source: Brod and Stone 1981 

2.3.3 Point Lookout Sandstone 

Stone et al. (1983) provide a general description of recharge and discharge for regionally extensive Creta­
ceous and Jurassic aquifers of the San Juan Basin, with recharge occurring primarily in outcrops (and sub­
crops) on the flanks of the Zuni and Chuska mountains (Figure 13) and Cebolleta Mountains southeast of 
Grants. Discharge occurs mainly to the San Juan River valley and the Rio Puerco in the southeast part of the 
San Juan Basin. Frenzel and Lyford (1982) present a generalized map of regional-scale groundwater flow for 
these aquifers, reproduced here as Figure 13. As shown in the figure, recharge to groundwater in the SMC 
Basin would be expected to generally flow to the northeast then toward the southeast, ultimately discharging 
to the Rio Puerco drainage. Variations between aquifers would be expected based on variations in the nature 
and extent of the Cretaceous and Jurassic units. 
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Figure 13. Conceptual Groundwater Flow Directions in Cretaceous and Jurassic Aquifers 
Source: Frenzel and Lyford 1982 
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In the SMC Basin, the Cretaceous Point Lookout Sandstone has extensive o·utcrops on San Mateo Mesa 
(northwest of the town of San Mateo, shown on Figure 5) with dips toward the east-northeast. Groundwater 
recharges the aquifer at the outcrops and the primary regional direction of flow is downdip into the San Juan 
Basin. Stone et al. (1983) present a regional-scale potentiometric surface map for the Point Lookout Sand­
stone, shown here in Figure 14. The figure includes an interpretation of outcrop areas receiving recharge, 
with flow from the SMC Basin primarily northerly. 
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Figure 14. Point Lookout Sandstone Potentiometric Surface Map: San Juan Basin 
Source: Stone et al. 1983 
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2.3.4 Crevasse Canyon Formation 

The Crevasse Canyon Formation consists of both sandstone and coal units, with regional groundwater flow 
occurring primarily in the Dalton Sandstone Member (Stone et al. 1983). Within the SMC Basin, the For­
mation outcrops on the flanks of San Mateo Mesa, forming uneven slopes (Brod and Stone 1981). The unit 
dips to the north-northeast. Information on groundwater flow specific to the Crevasse Canyon Formation is 
not available, but presumably recharge and discharge locations for this unit are similar to the overlying and 
underlying Point Lookout and Gallup sandstones, with flow directions similar to those shown on Figure 14. 
Stone et al. (1983) note that many of the wells that produce water from the Crevasse Canyon Formation are 
also screened across these units. 

2.3.5 Gallup Sandstone 

Outcrops of the Cretaceous Gallup Sandstone occur in the SMC Basin along the lower flanks of the San 
Mateo Mesa, dipping north-northeast (Brod and Stone 1981). The Gallup Sandstone underlies the Mulatto 
Tongue Member of the Mancos Shale in the SMC Basin. A regional-scale potentiometric surface map for the 
Gallup Sandstone was developed by Stone et al. (1983) as shown on Figure 15. Groundwater flow in this 
unit is from recharge at outcrops within the SMC Basin toward the north-northwest, ultimately discharging at 
outcrops occurring at lower elevations near the San Juan River. 

Frenzel and Lyford (1982) developed a numerical groundwater flow model simulating flow in the San Juan 
Basin, focusing on Cretaceous and Jurassic aquifers. The model simulated steady-state flow in the Gallup, 
Morrison, and Entrada Group aquifers. The Gallup Sandstone was simulated within a model layer that in­
cluded lower-permeability Mancos Shale in the central portion of the San Juan Basin. Simulated water levels 
for the Gallup Sandstone are shown on Figure 16. In the SMC Basin, groundwater is simulated as recharge 
at outcrop areas flowing toward the northeast, ultimately discharging in the Rio Puerco watershed. 
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Figure 15. Gallup Sandstone Potentiometric Surface Map: San Juan Basin 
Source: Stone et al. 1983 
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Figure 16. Simulated Potentiometric Surface Map: Gallup Sandstone 
Source: Frenzel and Lyford 1982 

I Brown ANo Caldwell I 
29 

Final HMC Mill s,te Groundwater HSCM Summary 1-8-18 

24 

1 

5 

10 

15 

20 

25 

30 
24 



Summary of San Mateo Creek Basin Hydrogeologic Site Conceptual ·Models 

2.3.6 Dakota Sandstone 

The Cretaceous Dakota Sandstone is the lowermost of the Cretaceous units in the southern part of the San 
Juan Basin. The Dakota Sandstone typically forms a cap on the underlying Morrison Formation, such as the 
northwest part of the La Jara Mesa, which is located just northeast of Grants and the HMC Mill site (Brod 
and Stone 1981). Information on groundwater flow specific to the Dakota Sandstone is not available, but 
presumably recharge and discharge locations for this unit are similar to the underlying Morrison Formation. 
Stone et al. (1983) note that vertical differences in water levels between the Dakota Sandstone and underly­
ing Westwater Canyon Member of the Morrison persisted in the SMC Basin after mine dewatering lowered 
heads in the Morrison, which may be interpreted to indicate that mudstones in the upper Morrison For­
mation (Brushy Basin Member) locally form an aquitard. 

2.3.7 Morrison Formation 

Outcrops of the Jurassic Morrison Formation in the SMC Basin occur at uneven slopes along the western 
flanks of Mesa Montanosa (north of the site) and La Jara Mesa, dipping to the north-northeast (Brod and 
Stone 1981). In the SMC Basin, the Morrison Formation includes the Brushy Basin, Westwater Canyon, and 
Recapture Member. Regional groundwater flows primarily in the sandstones of the Westwater Canyon Mem­
ber. The Morrison Formation is the primary host for uranium ore within the SMC Basin, and as such signifi­
cant mining has occurred in this formation. Mine dewatering has had a significant long-term impact on 
groundwater flow in this unit, as described in Section 2.5. 

Regional-scale groundwater flows from areas of recharge at outcrops along the flanks of the Zuni Mountains 
toward the north and east. A potentiometric surface map based on 1950s to 1970s data , developed by 
Stone et al. (1983), is shown as Figure 17, which includes the effect of mine dewatering pumping. Regional 
groundwater discharge is interpreted to occur at lower-elevation outcrop areas near the San Juan River to 
the northwest and the Rio Puerco to the southeast. A potentiometric map of a portion the SMC Basin , devel­
oped by Brod and Stone (1981), is shown on Figure 18. Pre-mining groundwater is shown flowing from local 
outcrop areas toward the east-northeast, with a later water-level depression representing the impacts from 
local mining. Simulated water levels in the Morrison Formation from the model developed by Frenzel and 
Lyford (1982) are shown on Figure 19 (the HMC site is about 6 miles north of Grants in the southern portion 
of the map). Groundwater flow is simulated as moving east-southeast from the SMC Basin toward discharge 
from the model near the Rio Puerco. 

The Morrison Formation underlies the Phillips and Rio Algom/Quivira Mills sites in the Ambrosia Lake area 
(Figures 1 and 2) and groundwater flow in this area has been identified in the Westwater Canyon Member, 
overlying Dakota Sandstone, and three local sandstone units in the Mancos Shale (designated as the Tres 
Herma nos A, B, and C, sandstone units). The Tres Herma nos sandstone units subcrop underneath the allu­
vium of the Arroyo del Puerto, which provides local recharge to these units. In addition, local open wells and 
shafts may provide a flow pathway from the overlying alluvium downward into the Morrison Formation 
(NMONRT 2010). Figure 20 shows a cross section in the vicinity of the Phillips and Rio Algom mill sites, 
which illustrates the local positions of the alluvium, Gallup Sandstone, Mancos Shale, and Morrison units. 
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Figure 17. Morrison Formation Potentiometric Surface Map: San Juan Basin 
Source: Stone et al. 1983 
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Figure 19. Simulated Potentiometric Surface Map: Morrison Formation 
Source: Frenzel and Lyford 1982 
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Figure 20. Geologic Cross Section at the Rio Algom Mill Site 
Source: U.S DOE 1997 

2.3.8 Entrada Complex Sandstones 
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Langman et al. (2012) identify the Jurassic Entrada Complex (aka San Rafael Group) as being composed of 
the Bluff, Summerville, Todilto, and Entrada geologic units. Brod and Stone (1981) identify the Bluff and 
Todilto units as the primary flow units in the SMC Basin , with local outcrops flanking the western side of the 
Mesa Montanosa and La Jara Mesa. Regional studies such as Langman et al. (2012) identify the Entrada 
Sandstone as a primary aquifer with flow into the San Juan Basin. Frenzel and Lyford (1982) simulated flow 
in the Entrada as shown on Figure 21. Flow is simulated in an east-southeast direction from outcrops in the 
SMC Basin toward discharge in the Rio Puerco watershed . 
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Figure 21. Simulated Potentiometric Surface Map: Entrada Sandstone 
Source: Frenzel and Lyford 1982 

I Brown AHo Caldwell I 
35 

Final HMC Mill Site Groundwater HSCM Summary 1-8-18 

24 

1 

10 

15 

20 

26 

30 
24 



Summary of San Mateo Creek Basin Hydrogeologic Site Conceptual Models 

2.3.9 Chinle Formation 

The Triassic Chin le Formation conveys limited amounts of water likely at local scales. Brod and Stone (1981) 
and Langman et al. (2012) list the Chin le as an aquifer unit, but Langman et al. note that the Chin le gener­
ally restricts vertical flow from the overlying Entrada Sandstones to the underlying SAG aquifer. Brod and 
Stone (1981) note that wells installed in the unit in the SMC Basin produce low flows, generally less than 20 
gallons per minute (gpm). 

The Chin le Formation outcrops on the flanks of the Zuni Mountains and subcrops underneath alluvium in the 
southern lower portion of the SMC Basin. The unit thus receives local recharge from vertical flow from the 
alluvium. Regional information on groundwater flow in the Chin le is not available because it is not a major 
aquifer, but flow in the Chinle is locally important at the HMC Mill site (HDR 2016) (Section 3.2.2). 

2.3.10 San Andres/Glorieta Aquifer 

The Permian SAG aquifer forms a primary regional aquifer in the SMC Basin and surrounding area. Ground­
water in the SAG aquifer is transmitted in solution channels, cavernous zones, and fractures in the San An­
dres Limestone, which formed during the period of exposure and erosion related to the unconformity be­
tween the San Andres and the overlying Chin le Formation. These features result in very high transmissivities 
and well yields. The SAG aquifer dips northeast into the San Juan Basin but does not extend into the central 
part of the basin, as illustrated on Figure 7. The SAG is underlain by the Permian Yeso and Abo formations, 
which have low permeabilities and form leaky basal confining units for the SAG aquifer (Langman et al. 
2012). 

Recharge to the SAG aquifer includes outcrops along the Zuni and Lucero uplifts to the south (Figure 5) and 
south of Grants where the aquifer subcrops beneath the Malpais Valley (Baldwin and Anderholm 1992). Re­
charge to the SAG aquifer also results from Bluewater Lake and Bluewater Creek (northwest of Grants; Fig­
ure 2), and irrigation water return flows in the Grants-Bluewater area. The Bluewater Mill site and tailing 
pond (Figures 1 and 2) are located above the SAG recharge zone, providing surface flows to the aquifer. 

The mechanism of SAG discharge east of the Zuni Uplift is not known. Oja del Gallo was probably a major 
discharge point for the SAG aquifer northwest of Grants prior to groundwater resource development (Baldwin 
and Anderholm 1992). Frenzel (1992) identifies upward flow into valley alluvium and subsequent evapotran­
spiration and baseflow to surface water as a primary discharge mechanism for the SAG aquifer, as illus­
trated in Figure 22 (after Frenzel 1992). 

Figure 23 presents a regional-scale potentiometric surface map for the SAG aquifer developed by Baldwin 
and Anderholm (1992). Flow is away from recharge zones near the Zuni Uplift eastward toward the Rio 
Grande Basin with a hydraulic gradient of approximately 10 feet per mile in the central SMC Basin. Frenzel 
(1992) developed a deta iled numerical model of regional groundwater flow in the SAG aquifer using the 
United States Geological Survey (USGS) MODFLOW computer code. Simulated groundwater levels in the SAG 
aquifer representing 1986, shown on Figure 24, are generally eastward in the SMC Basin (north is to the up­
per right of the map). 

The Bluewater Mill site is located above subcrops of the SAG aquifer that receive recharge. Water-level data 
near the site have been used to assess local-scale flow directions and hydraulic gradients. Figure 25 pre­
sents a potentiometric surface map showing flow in the SAG aquifer east-southeast from beneath the Blue­
water Mill site toward the HMC Mill site (the large tailings pile is clearly visible in the middle-right portion of 
the map). These more recent data are consistent with flow directions developed from the earlier studies. Be­
cause the SAG aquifer underlies the HMC Mill site, local flow directions are discussed in more detail in Sec­
tion 3.2.3. 
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2.4 Aquifer Physical Properties 
Langman et al. (2012) have summarized aquifer thicknesses (Table 1). A summary of median grain sizes, 
sorting, sand-to-mud ratio, porosity, estimated aquifer transmissivities, and hydraulic conductivities is in­
cluded in Langman et al. (2012) and is reproduced here (Table 2). In general, the alluvium and SAG aquifers 
have the highest transmissivities and thus can produce the most water, although alluvia l hydraulic conduc­
tivities are highly variable. The Chinle Formation's transmissivity and hydraulic conductivities are generally 
low and highly variable, because it is composed of mudstone mixed with relatively thin sandstones. 

Limited data are available on the potential spatial variation in transmissivity in the identified aquifers. Stone 
et al. (1983) present a generalized map of well-specific capacity and transmissivity in the Morrison For­
mation for the San Juan Basin, which includes data collected during uranium mining in the SMC Basin. This 
map is presented in Figure 26. Figure 27 presents a map of transmissivity zones in the SAG aquifer devel­
oped by Frenzel (1992) in support of his numerical model of the aquifer (north is to the upper-right corner of 
the map). The data indicate a high degree of variability. 

Data on the storage properties of the aquifers are limited. Stone et al. (1983) cite textbook values for both 
specific storage and specific yield (1 x 10-6 per foot, 0.1 to 0 .3 , respectively). Frenzel (1983) extended his 
original steady-state numerical model to simulate responses to pumping to dewater federal coal leases to 
the northeast and northwest of the SMC Basin. He assumed a specific storage of 5 x 10-7 per foot for all aq­
uifer units, a specific yield of 0.10 for sandstones, and a specific yield of 0.01 for shale units. 

Baldwin and Anderholm (1992) cite estimates of storage coefficients for the SAG aquifer ranging from 5.3 x 
10-5 to 0.12 (unitless), noting that the larger estimates are likely representative of specific yields. Frenzel 
(1992) used a specific yield of 0.12 to represent valley alluvium, and storage coefficients ranging from 4 x 
10·4 to 0.15 for San Andres Limestone and Glorieta Sandstone units for numerical modeling. 
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Table 2. Formation Characteristics Indicative of Horizontal Hydraulic Conductivity Variation among Aquifers In the Area 

[S 1, saild tom.id ratio; T, tr.msmi:s:sivity; lffd, square feet per day; K, hydraulic c:oodudn'ity; ft/d, feet per day; NA, not .n,amble] 

Formation Median Sorting SIM Porosity Horizontal T1 
grain size ratio (percent) (ft'/d) 

Quaternary 

Allu\'ium (Qa) NA NA NA NA NA 

Neogene 

Flows and volcanoclastics (Tnv and Tpb) NA NA NA NA NA 

Cretaceous 

Menefee (Kmf) Vay fine to fine Poor to. moderate 4_6 9 2-7- 112 
S.'Uld 

Point Lookout (Kpl) Fine to medium sand Moderate to mod- 19.1 2-9 -4- 240 
erately well 

Crevasse Canyon (Kee) , sandstone unit Fine sand Poor to well 8-4 4 3-250 

Mulatto Tongue (Kmm) Fine sand Moderate to Ve.I)' 5_7 11 NA 
well 

Gallup (Kg) Fine to coarse sand • foderate 13_7-33-5 4--9 '15--390 

Dakota(Kd) Fine to medium sand ~foderate 6_1-18.2 2-{i '44-370 

Jurassic 

Morrison (Jm) Fine sand Moderate to \'Cl)' 15_7- 101.1 ~10 2-480 
well 

E.ntrada Complex: Early to ?,.,fiddle Jurassic composed of the Bluff, Summerville, Todilto, and E.ntrada Formations 

Bluff (Jb) 

Summerville (Js) 

E.ntrada (Je) 

CJlinle Group (I'Rc) 

San Andres and Glorieta (Psa and Pg} 

Mediumsand Poor to well 

Vay fine sand ~foderate to mod-
erately well 

Very fine to fine Extremely poor to 
sand \reI)'Well 

Triassic 

Mudstane mixed ,,,.i th sandstone and 
limestone 

Permian 

Micritic limestone and fine to medium 
sand 

12 7 3- 50 

6_7- 10_8 5-{j 8.2 

1.3-9.8 5--11 .84-400 

NA NA 4.7-100 

NA NA 71~50,000 

Horizontal K 
(ft/d) 

' 2-300 

11-1 ,ooo+ 

_005--_0l 

_002- _02 

NA 

NA 

.1-1.0 

_0004-1.S 

so.1 

NA 

NA 

.5--5 

14~ 

'Transmissi,.-ity is the rall! at which w.m,r is trm:;zwffed through a unit v.idth of m ~er under a um.I hy,h.iulic gracli,ent. It equals the hydraulic canducti"-:ity 
multip . ed by the aqui1i,r thicbes.s (Heath, 1983). 

' Frem.el, 1992; Rios.er and Lyfard, 1983. 

'Dame,; and :Moore, =itten C<J<DDnJn., 1986_ 

•Po,;si1,le 0\-erlap oftestinlen-al bet\'\,,.,., the GallupandD.tkota.Fmmalio= 

•Roe~ Honda Recauroe5, 11..C, 2009b. 

·v.'olff, 1981. 
1BrodandStone, 1981; Brod and Stone, 1983; Freme], 1992. 

Source: Langman et al. 2012; derived 
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Figure 26. Spatial Variation in Transmissivity: Morrison Formation 
Source: Stone et al. 1983 
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Figure 27. Spatial Variation in Transmissivity: SAG Aquifer 

Source: Frenzel 1992 
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2 .5 Effects of Groundwater Extraction on Regional Flow Conditions 
Pumping of groundwater over time has had a significant effect on groundwater levels in the primary aquifers 
in and near the SMC Basin. The fo llowing summarizes available information related to pumping in the follow­
ing three ma in aquifers in the SMC Basin: 

Alluvium 

Morrison Formation 

SAG aquifer 

The effects of local pumping within the alluvium and Chin le Formations at the HMC Mill site related to reme­
diation are discussed in Section 3.3. 

2.5.1 Alluvium 

Pumping from the alluvium occurs for domestic, stock, irrigation, and industrial purposes. Brod and Stone 
(1981) noted 25 wells installed in the alluvium in the Ambrosia Lake-San Mateo area at that time. Signifi­
cant pumping and injection occur in the alluvium associated with remediation at the HMC Mill site, which 
have generally increased saturated thicknesses in the alluvium near the site. 

Historical mine dewatering pumping, discussed in the next section, has had a significant long-term effect on 
groundwater flows in the alluvium in the SMC Basin. Mining of uranium occurred primarily in the Ambrosia 
Lake area of the SMC Basin. Groundwater extracted from mine dewatering was either used in the mine pro­
cess or discharged to local drainages or the ground surface (NMONRT 2010). Much of t his discharge flowed 
to the Arroyo del Puerto and recharged local alluvium. Alluvium in this area was likely unsaturated prior to 
mining (U.S. DOE 1996; Maxim 2000; Weston 2016). As such, most of the groundwater in alluvial sediments 
in the Arroyo del Puerto currently is a resu lt of past mining activities, and is not natura lly occurring. Recharge 
of mine discharge over an approximately 25-year period has resulted in increased flow downgradient in the 
Arroyo del Puerto and ultimately SMC. 

Figure 28 presents a hydrograph showing long-term water levels measured in alluvial Well R, located approx­
imately 1 mile upgradient (north) of the HMC Mill site. Water levels show a continuous increasing trend in 
water levels, from an elevation of approximately 6,548 feet above mean sea level (ft amsl) in early 1976 to 
6,564 ft amsl in late 2016. The slow, multi-decadal rise in alluvia l groundwater levels (approximately 2.7 
feet per year) is interpreted as the result of slow groundwater movement downgradient of historical mine 
and remediation discharges to the alluvium of SMC. 

I Brown ANl) Caldwell I 
45 

Final HMC Mill Site Groundwater HSCM Summary 1-8-18 



Summary of San Mateo Creek Basin Hydrogeologic Site Conceptua l Models 

6566 

6564 

6562 

-6560 
iii 
E 
ro 

~6558 
C 
0 

i 
~ 6556 
w 
cii 
ni 
i 6554 
C 
::, 
~ 

c.:, 6552 

6550 

6548 

6546 
1975 1980 

2.5.2 Morrison Formation 

1986 1991 

Hydrograph for HMC Well R 

1997 
Date 

2002 

Figure 28. Hydrograph for HMC Alluvial Well R 
Source: HMC 2017 
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Most uranium mining occurred in the Morrison Formation in the Ambrosia Lake area and other portions of 
the northern SMC Basin (Figure 1). Figure 29 presents a map of known and interpreted underground mining 
areas in and near Ambrosia Lake. Pumping for mine dewatering extended from 1957 into the early 1980s. 
Significant declines in water levels were produced to ensure dry mining conditions. Figure 30 presents hydro­
graphs from wells and mine shafts showing water level declines up to 250 feet in the Morrison Formation 
during the periods of active mining (Stone et al. 1983). Estimated total pumping from the Ambrosia Lake 
area during the active mining period is shown on Figure 31. As shown in the figure, average annual pumping 
peaked near 12,500 gpm in the early 1960s, remaining above 7,500 gpm through the end of the 1970s. 

Water levels in the Morrison Formation have been recovering since cessation of pumping (NMONRT 2010). 
Current monitoring and data sources for the Phillips and Rio Algom/Quivira Mill sites focus on alluvial 
groundwater and groundwater in the Mancos Shale units that subcrop beneath Arroyo del Puerto alluvium. 
As such, data specific to current water levels in the Morrison Formation are not readily available. BC is still 
researching United States Department of Energy (U.S. DOE) sources to identify water-level data in the Morri­
son Formation that characterize system recovery. 
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Figure 29. Map Showing Historical Mining Areas 
Source: NMONRT 2010 
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Figure 73-WATER-LEVEI. DECLINES IN DAKOTA SANDSTONE AND MORRISON FORMATION. 
a) Morrison Formation near Crownpoint 
b) Dakota and Morrison at abandoned mine shaft (16.16.17 .2141); water level in 1%8 before dewatering of Church Rock mines reported at 
114 ft below land surface (Hiss, 1977, p. 53). 

Figure 30. Long-Term Water Level Declines from Uranium Mine Dewatering 
Source: Stone et a/. 1983 
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2.5.3 SAG Aquifer 
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Figure 31. Estimated Pumping in Ambrosia Lake Area 
Source: Stone et a/. 1983 

The SAG aquifer represents the primary groundwater aquifer in the region surrounding Grants, and has his­
torically been subject to significant pumping for irrigation, municipal, mining, and industrial water supplies. 
Long-term pumping from the aquifer has resu lted in localized drawdown and changes in groundwater flow 
conditions (Baldwin and Anderholm 1992). Data on historical pumping for irrigation are limited. Frenzel 
(1992) provides estimates for irrigation pumping from the early 1900s through 1985 based on streamflow 
data, acres of irrigated fields, and pumping records where available. Total irrigation pumping in the Blue­
water-Toldtec area was estimated to range between 3,500 acre-feet (ac-ft) in 1945 to a maximum of 12,600 
ac-ft in 1954. Irrigation pumping declined to near zero after 1980 (Frenzel 1992). Figure 32 presents Fren­
zel 's est imate of groundwater pumped for irrigation use between 1900 and 1990. 

Frenzel (1992) provides tables estimating total pumping rates from municipal and industrial pumping rates 
through the late 1980s. Municipal pumping, primari ly from the city of Grants, increased from 200 ac-ft in 
1945 to more than 3,000 ac-ft in 1980. Pumping from industrial sources in the SAG aquifer, primarily from 
mining and uranium mills (including HMC), ranges from 75 ac-ft in 1952 to a peak of 2,500 ac-ft in 1957. 
Figure 33 presents graphs showing municipal and industrial pumping from the SAG aquifer th rough the late 
1980s (Frenzel 1992). BC is currently working on gathering more recent data related to pumping from the 
SAG aquifer. 
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Figure 32. Estimated Irrigation Pumping in the SAG Aquifer 
Source: Frenzel 1992 
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Figure 33. Estimated Municipal and Industrial Pumping in the SAG Aquifer 
Source: Frenzel 1992 

2.6 Effects of Geologic Structure on Groundwater Flow 
Groundwater flow in the SMC Basin is likely influenced by both stratigraphic variations and loca l- and re­
gional-scale faulting and other structures. In general, groundwater flows in response to variations in hydrau­
lic head (hydraulic gradients). Inter-aquifer movement of water (leakage) likely occurs in the San Juan Basin 
based on regionally observed head differences between aquifers (Stone et al. 1983). Downward leakage 
through intervening units may occur when the hydraulic gradient is vertically downward , which occurs near 
recharge areas along unit outcrops. Conversely, upward leakage can occur when hydraulic gradients are up­
ward between units, as occurs in the central part of the San Juan Basin where artesian heads are observed. 
In the vicinity of the SMC Basin, vertical leakage between aquifer units is likely limited by the presence of 
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low-permeability shale and other fine-grained units. Langman et al. (2012) note that both the Mancos Shale 
and Chin le Formation likely act as aquitards between aquifers at the basin scale. Stone et al. (1983) note 
that observed head differences of up to 200 feet between the Dakota Sandstone and Morrison Formation in 
the SMC Basin are suggestive of limited vertical leakage between these two units. Vertical movement from 
alluvium into underlying bedrock units has been observed in detailed data collected at each of the historical 
mill sites in the SMC Basin. 

Regional fault structures have been shown to have a significant impact on groundwater flow, at least at local 
scales. Regional normal faults can inhibit flow by disconnecting permeable pathways or reducing porosity 
from fault gouge, but faults can also increase permeability along and adjacent to the fault trace because of 
brecciation and allow for vertica l movement between aquifers (Langman et al. 2012). The primary regional 
geologic structures mapped in the SMC Basin are shown on Figure 34. Most faults strike north to northeast. 
High-angle normal faulting has resulted in vertical displacements that have offset aquifer flow units, alt­
hough some fau lts have a strike slip (horizontal) component of slip. The large northeast-striking San Mateo 
normal fault in the central portion of the SMC Basin has vertical displacements of up to 450 feet (HDR 
2016). However, Brod and Stone (1981) state that these displacements along the San Mateo Fault have not 
significantly influenced groundwater elevations in the Morrison Formation in the Ambrosia Lake. area, as 
shown on Figure 35. 

Faulting in the SAG aquifer has been interpreted to affect lateral groundwater flow. The Big Draw and San 
Rafael faults have been interpreted as restrictions to groundwater flow (Frenzel 1992). Figure 36 presents a 
conceptual schematic showing the influence of the Sc;3n Rafael Fault near Ojo del Gallo, forcing water upward 
into local alluvium. 

Local-scale fau lting at the Bluewater Mill site has been observed to affect groundwater flow (U.S. DOE 
1997). A major east-west trending fault with displacements between 300 and 400 feet is located just east of 
the main tailings pile at the site. This is illustrated on Figures 37 and 38, which present three-dimensional 
renderings of fau lt offsets at the Bluewater Mill site. The San Andres Limestone is juxtaposed against the 
Chin le Formation, which acts to restrict groundwater flow (U.S. DOE 1997 and 2014). 

Faults have also been shown to restrict groundwater flow in the Chin le Formation at the HMC Mill site. Two 
faults, referred to as the West and East faults, bound the large tailings pile at the site (Figure 39). The two 
faults are approximately vertical with the downthrown side to the east (HDR 2016). In general , structural off­
set of the Chin le Formation from these faults has resulted in the juxtaposition of permeable sandstones with 
lower-permeabi lity mudstones and siltstones. Water-level data collected at the site suggest that these faults 
act to significantly restrict groundwater in sandstone units in the Chin le (as discussed in Section 3.2). These 
faults are not extensive and do not affect flow in the underlying SAG aquifer, most likely because the fault 
offset is much less than the vertical thickness of the aquifer (HDR 2016). Figure 40 provides a cross section 
of fault offsets at the HMC Mill site. 
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Source: HOR 2016 
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Figure 37. Fault offsets at Bluewater Mill (1) 
Source: U.S. DOE 2014 

I Brown ANoCaldwell I 
55 

QUATERNARY 

' ' 

c ,-g~~ 
,,II', 

! -~~ 
! ~ n 

-·--·\, __ 

L_, 
' I . . 
I 

L --
' r·-----' 

' ' I 
' 

-... ---. ,, 

C 
-----1 

Section Index 

Explanation 

- Ola:poaal ceH and othor tailm9s and •tockpffe Gtcas 

IE All1,1vlum (fnc:Mdes ortifi<:lol ·fiU ond dialurl>ed lond, 
coOu\'fum, dune sand, artd tolus) 

- 81ueW4ll'f Bcsort 

(!5-I] Altuvil.ffl (~~\,~~uec:~rrR~o~ , ~'f.o~0f a~=cd. 
b1.1t shown in e,on HCfiont: 

UPPER TRIASSIC - ~!{~~tF!!.~J:~~dstone Ekd of 

,~-;:;Ion - ~ds1::de~~l~1tf'ff~·r~~-~ember 

WWER PERMIAN 

- l.o•e'f'" bl!d.s of Chirile formation 

[!!rl Son Andres Limeston, 

Clor~ta Sand.stone 

Ytto Formation 

,,,,., .. .... 

Nonnol fault in cross section. 
Arrows ahow cirtc"t.ion of 
mo¥ement 

Norrnol toult tro« on 1Vrl<1<:e, 
da,hed 'llfho-e cpproliimot.ty 
ioc:oted. dotted .,1,ere ceneeOlod 

U.S. Of)>NINDtT 0, [N[JICY 
~~.~"'°° 

B1uewoter. NM 
Bloc~ Dio(Jfom A- A' 

DA.1[ PR(P,U![D: Al [MM,£: 
6 12 2014 S1 139600 



Summary of San Mateo Creek Basin Hydrogeologic Site Conceptual-Models 

Figure 38. Fault Offsets at Blue Mill (2) 
Source: U.S. DOE 2014 
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2.7 Regional Water Quality 
Mining activities have affected groundwater quality in alluvium and bedrock aquifers in the vicinity of the 
four mill sites. In the Ambrosia Lake area, direct discharge and surface infiltration of mine dewatering flows 
and from unlined evaporation ponds has resulted in elevated concentrations of constituents in alluvial 
groundwater, including sulfate, uranium, radium, gross alpha emissions, total dissolved solids (TDS), and 
selenium (U.S. EPA 2016). Concentrations of these constituents have exceeded federal drinking water 
standards in both alluvial groundwater and within underlying bedrock un its downgradient of historical mining 
and mill sites in the Ambrosia Lake area. 

Activities at the Bluewater Mill site affected groundwater within both alluvium associated with the Rio San 
Jose and the underlying SAG aquifer (U.S. DOE 2014). Elevated levels of molybdenum, selenium, and ura­
nium have been detected downgradient of the Bluewater Mill site and historical tailings pond. Uranium has 
been identified as the primary constituent of concern , and uranium concentrations above the federal drink­
ing water standard have been observed downgradient of the site. 

Groundwater quality at the HMC Mill site is discussed in detail in Section 3.4. 

2.8 Regional HSCM Summary 
Key elements of the Regional HSCM for the SMC Basin are summarized as follows: 

• The SMC Basin is located at the southern margin of the San Juan Basin. 

• Aquifers of Quaternary, Cretaceous, Jurassic, and Permian age units are present in the SMC Basin. 

• Principal regional aquifers that may have significant flow in the SMC Basin include the alluvium, Mene­
fee, Point Lookout, Gallup, Morrison, and SAG aquifers. 

• Geologic uplift of the Zuni Mountains on the southwest edge of the SMC Basin has exposed outcrops of 
the principal aquifers. Aquifer units generally dip to the north-northeast toward the central portion of the 
San Juan Basin. 

• Flow directions in the Cretaceous and Jurassic aquifers are variable but generally toward the east-north­
east from outcrops and subcrops in the SMC Basin toward discharge to the Rio Puerco watershed. 

• Groundwater flow in the Permian SAG aquifer is generally to the east, with local discharge via upward 
flow to alluvium of the Rio San Jose. 

• Hydraulic conductivities and other aquifer parameters typically vary greatly between units, vertically 
within many units, and even a really within some units in the basin . 

• Historical groundwater pumping has occurred primarily in the alluvium, Morrison, and SAG aquifers. 

• Extensive pumping from the Morrison Formation in the Ambrosia Lake area between the late 1950s and 
early 1980s resulted in significant water level declines in the aquifer. Water levels in this area are recov­
ering after the cessation of pumping, but few water-level data are available to evaluate system recovery. 

• Groundwater pumped from the Morrison Formation for dewatering of uranium mines was discharged 
into local drainages including Arroyo del Puerto. This discharge provided significant recharge to previ­
ously unsaturated alluvium, and this water still persists in the alluvial system. 

• The SAG aquifer represents the primary regional source of groundwater. Extensive pumping from the aq­
uifer has occurred since the 1940s for irrigation , municipal, and industrial uses. 

• Long-term pumping in the SAG aquifer has produced local-scale and regional-scale drawdowns in the 
aqu ifer. 

• In general , there is little evidence of inter-aqu ifer flow in the basin , which is due to the presence of low­
permeability aquitards between the principal aquifers. 
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• High-angle normal faulting has locally affected groundwater flow, including near the Bluewater and HMC 
Mill sites, where local faulting has been shown to restrict groundwater flow. 

• Mining and milling activities within the SMC Basin have impacted both local- and regional-scale ground­
water quality. 
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Section 3: Site HSCM 
As previously mentioned, the HMC Mill site lies in the southernmost (lower) portion of the SMC Basin (Figure 
1). The site is located adjacent to lower SMC and State Highway 605. Uranium ore from the Grants Mineral 
Belt was processed at the site from 1958- 90 (HOR 2016). The site currently consists of partially reclaimed 
tailings piles, buried (i.e., reclaimed) mill debris, and wells and evaporation ponds related to ongoing active 
groundwater restoration that are shown in Figure 41 (HOR 2016). 
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Figure 41. HMC Mill Site Facilities 
Source: HOR 2016 
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3.1 Site Geology 
The following four geologic units discussed in the Regional HSCM (Section 2) are present at the HMC Mill 
site: 

• Alluvium 

Chinle Formation 

San Andres Limestone 

Glorieta Sandstone 

Quaternary alluvium underlies the entire site (Figure 5) and is generally 50 to 100 feet thick, as shown in the 
north-south cross section in Figure 43. 

The Chin le Formation is up to 900 feet thick at the site, as shown in Figure 40. Although the Chinle is domi­
nated by low-permeability shale units, beneath the site it contains three wate r-bearing units of relatively 
higher permeability. These water-bearing units are referred to as the Upper Chinle Sandstone, Middle Chinle 
Sandstone, and Lower Chinle Mudstone; the latter is reported to be a horizon of higher permeability mud­
stone resulting from the development of secondary permeability (HDR 2016). 

The lowermost units of interest at the site are the San Andres Limestone and Glorieta Sandstone, which to­
gether are 200 to 225 feet thick. As mentioned in Section 2, the SAG is overlain by an unconformity and un­
derlain by the lower-permeability Yeso and Abo formations. 

The sedimentary rock units at the site dip gently to the east-northeast, following the regional dip of these 
units (Figure 43). Erosion has caused the sedimentary rock units to subcrop beneath the alluvium at the site, 
as shown on Figures 42 and 43. 

Two north-northeast-trending normal faults are present at the site, known as the East Fault and West Fault 
(Figures 39 and 40, respectively). The faults are approximately vertical and down-dropped on the east (HDR 
2016). The vertical displacements of the faults have juxtaposed the more permeable units of the Chin le For­
mation against less permeable mudstone layers (Figure 40). The San Andres Limestone and Glorieta Sand­
stone, although vertically displaced, maintain horizontal connectivity across the faults (Figure 40). The East 
Fault terminates approximately 1 mile south of the tailings piles (Figure 39). 
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3.2 Site Hydrostratigraphic Units and Aquifers 
The alluvium, three water-bearing horizons in the Chinle Formation (Upper, Middle, and Lower), and SAG aq­
uifer are the principal water-bearing units at the HMC Mill site. 

3.2.1 Alluvial Aquifer 

The saturated extent of the alluvial aquifer at the site is shown on Figure 44. The alluvial aquifer is uncon­
fined with saturated thickness ranging from zero to approximately 70 feet. Depth to groundwater ranges 
from 40 to 60 feet below ground surface (HOR 2016). The alluvial aquifer is composed of three distinct but 
connected alluvial systems: SMC, Rio Lobo, and Rio San Jose (HOR 2016). The SMC alluvium composes the 
north/northeastern branch and the central portion of the alluvial aquifer beneath the site, the Rio Lobo allu­
vium forms the eastern/southeastern branch of the alluvial aquifer, and the Rio San Jose alluvium forms the 
west-southwest portion of the alluvial aquifer on Figure 44. A local bedrock high causes the alluvial aquifer 
to branch to the west and south before the SMC and Rio Lobo alluvial systems converge with the Rio San 
Jose alluvium. 

Hydraulic properties of the alluvial aquifer have been extensively characterized by drilling and well installa­
tion at the site. The SMC and Rio Lobo alluvium are derived from similar parent materials and have been 
characterized as very fine to coarse sand with relatively small and discontinuous silt and clay lenses (HOR 
2016). Hydraulic conductivity of the SMC and Rio Lobo systems is relatively high, ranging from 10 to more 
than 200 feet per day (ft/d) (HDR 2016). The highest hydraulic conductivity values have been measured in a 
paleochannel directly west and southwest of the Large Tailings Pile (U.S. DOE 2014) (Figure 44). In other ar­
eas, hydraul ic conductivity of the alluvial aquifer typically ranges from 10 to 70 ft/d (U.S. DOE 2014). Spe­
cific yield generally ranges from 0.038 to 0.280 (HDR 2016). 

Although not directly underlying the HMC Mill site, the Rio San Jose alluvium consists of coarser materials 
(i.e., higher-energy sand and gravel deposits) compared to the SMC and Rio Lobo alluvium (HOR 2016; U.S. 
DOE 2014). Hydraulic properties of the Rio San Jose alluvium have been characterized approximately 3 
miles upstream at the Bluewater Mill site (U.S. DOE 2014). Hydraulic conductivity in the Rio San Jose allu- · 
vium at the Bluewater Mill site ranges from 75 to 100 ft/ d, and specific yield ranges from 0.10 to 0.25 (U.S. 
DOE 2014). 

West of the HMC Mill site, the alluvial aquifer contains a small interbedded Quaternary basalt flow to the 
west of Pleasant Valley Estates (Figure 45). Although this local basalt has not been characterized, basalt 
flows at the Bluewater Mill site were discussed by U.S. DOE (2014). Groundwater has the potential to flow 
horizontally in both the basalt and alluvium where alluvial groundwater heads are higher than the base of 
the basalt and where the basalt is relatively permeable because of fractures. Where the permeability of the 
basalt is low, it tends to act as a local confining layer for the underlying alluvial aquifer. 
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3.2.2 Chinle Formation 

The Chin le Formation in the vicinity of the HMC Mill site includes three water-bearing horizons. As discussed 
in Section 2.3.9 , the Chin le is a heterogenous formation that is dominated by silty sandstones and contains 
discontinuous sandstone lenses and silty sandstones. Although three permeable horizons are present be­
neath the site (described below), they are discontinuous and are not considered regional aquifers (Brod and 
Stone 1981). However, to be consistent with past site characterizations they are referred to as aquifers in 
this HSCM. 

Upper Chin le. The local extent and subcrop areas of the Upper Chin le aquifer are shown on Figure 46. The 
Upper Chin le acts as a confined sandstone aquifer bounded above and below by lower-permeability mud­
stone layers of the Chin le Formation (H OR 2016). The aquifer thickness ranges between 15 and 65 feet with 
an average of 35 feet near the HMC Mill site (HOR 2016). As previously discussed, vertical displacement at 
the East Fault has created a lateral discontinuity in the Upper Chin le aquifer (Figure 40). The juxtaposition of 
the Upper Chin le against the lower-permeability mudstone units along the East Fault presents a barrier to 
horizontal flow, as evidenced by relatively large groundwater head differences over short horizontal dis­
tances across the fault (HOR 2016). Near the southern terminus of the East Fault, groundwater heads on 
either side of the fault are similar, indicating a lateral hydraulic connection where the fault pinches out (H OR 
2016). 

Aquifer properties vary significantly in the Upper Chin le aquifer because of fracturing and faulting (HOR 
2016) . Hydraulic conductivity of the Upper Chin le ranges from 0 .1 to more than 100 ft/d (HOR 2016). The 
highest hydraulic conductivity values occur in a narrow band of fracturing on either side of the East Fault. 
Transmissivity values in this zone of fr~cturing have been estimated to range from 13 to more than 1,300 
square feet per day (ft2/d). Estimated aquifer storage parameters for the Upper Chin le have not been re­
ported, but a storage coefficient of 0.0001 was used during groundwater modeling of the site (HOR 2016). 
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Middle Chinle. The local extent and subcrop areas of the Middle Chin le aquifer are shown on Figure 4 7. Like 
the Upper Chin le, the Middle Chin le acts as a confined sandstone aquifer bounded above and below by 
lower-permeability mudstone layers of the Chin le Formation (HDR 2016). The aquifer thickness ranges be­
tween 10 and 80 feet with an average of 44 feet near the HMC Mi ll site (HDR 2016). The Middle Chin le ex­
ists as three fault-bounded groundwater systems separated by the East and West faults (Figure 40), as evi­
denced by re latively large groundwater head differences over short horizontal distances across the faults 
(HDR 2016). Along the West Fault, the subcrop is laterally offset by approximately 5,400 feet because of 
fault displacement (HDR 2016). 

Estimated aquifer conductivity for the Middle Chin le is approximately 25 ft/d, with transmissivities ranging 
from 67 to 940 ft2/d (HDR 2016). In addition, transmissivity values ranging from 7 to 2,764 ft2/d , with typi­
cal values of 30 to 300 ft2/d, and a storage coefficient of 0.0001 were used during groundwater modeling of 
the site (HDR 2016). 
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Lower Chinle. The local extent and subcrop areas of the Lower Chin le aquifer are shown on Figure 48. The 
Lower Chin le is a horizon of higher-permeability fractured mudstone that acts as a confined aquifer bounded 
above and below by lower-permeability mudstone layers of the Ch inle Formation (HOR 2016). The permeabil­
ity of the Lower Chin le aquifer is largely derived from fracturing (HOR 2016). The Lower Chin le is located ap­
proximately 200 feet above the contact between the Chinle Formation and the San Andres Limestone (HOR 
2016). The permeability of the aquifer is not consistently high enough to serve as a viable aquifer, and areas 
exist where the aquifer is effectively absent. Like the Upper and Middle Chinle aquifers, the Lower Chin le aq­
uifer is fault-bounded into three distinct groundwater systems by the East and West fau lts (Figure 40) (HOR 
2016). Along the West Fault, the subcrop is offset by approximate ly 3 ,000 feet laterally because of fault dis­
placement (HOR 2016). 

Hydraulic conductivity of the Lower Chin le ranges from 0.1 to more than 50 ft/d (HOR 2016). Transmissivity 
values are generally greater than 13 ft2/d near subcrop locations, but can exceed 130 ft2/d at select loca­
tions (HOR 2016). Estimated aquifer storage parameters for the Lower Chin le have not been reported , but a 
storage coefficient of 0 .0001 was used during groundwater modeling of the site (HOR 2016). 
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3.2.3 SAG Aquifer 

The local extent and subcrop areas of the SAG aquifer are shown on Figure 49. The SAG aquifer has a thick­
ness exceeding 200 feet near the HMC Mill site and is the significant regiona l aquifer in the area (HDR 
2016). As previously discussed, the East and West faults do not displace the San Andres Limestone and Glo­
rieta Sandstone enough to cause a lateral discontinuity (Figure 40), although the transmissive thickness of 
the aquifer is likely reduced at the faults because of the displacement (HDR 2016). Relatively flat head gra­
dients across the East and West faults indicate the continuity of the SAG aquifer throughout the site (HDR 
2016). The SAG aquifer subcrops west of the West Fault only in the southwestern-most portion of the HMC 
Mill site. 

As previously discussed, groundwater in the SAG aquifer is transmitted in solution channels, cavernous 
zones, and fractures in the San Andres Limestone. Local estimates of SAG aquifer hydraulic properties are 
not available at the HMC Mill site. However, HDR (2016) reports an est imated average transmissivity value 
of 50,000 ft2/d and a hydraulic conductivity of 615 ft/d based on Baldwin and Anderholm (1992) and Fren­
zel (1992). Hydraulic conductivity and porosity are likely to vary greatly in the SAG aquifer because of the 
presence of highly transmissive channels, zones, and fractures (HDR 2016). Estimated aquif~r storage pa­
rameters for the SAG aquifer at the HMC Mill site have not been reported, but storage coeffic ients ranging 
from 5.3x10-5 to 1.2x10-2 have been reported at the Bluewater Mill site (U.S. DOE 2014). A storage coeffi­
cient of 0.0001 was used during groundwater modeling of the HMC Mill site (HDR 2016). 
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3.3 Site Groundwater Recharge, Discharge, and Flow Directions 
Groundwater recharge, discharge, and flow directions at the HMC Mill site are influenced by both natural 
processes and active remedial operations (i.e., collection and injection). The recharge and discharge 
sources, flow directions, and interactions between aquifers are discussed below. This section describes 
groundwater in the following three stratigraphic units at the site: 

Alluvial aquifer 

Chinle Formation 

SAG aquifer 

3.3.1 Alluvial Aquifer 

The alluvial aquifer at the HMC Mill site is recharged from (1) surface streamflow infiltration losses and pre­
cipitation that collects in low-lying areas, (2) continued draindown of the Large Tailings Pile, (3) injection of 
treated groundwater and SAG groundwater via the site remediation system, and (4) discharge from the un­
derlying Chin le and SAG aquifers at subcrops where heads in these aquifers are higher than alluvial aquifer 
heads. Discharge from the alluvial aquifer occurs via (1) pumping of contaminated groundwater to the treat­
ment plants, (2) discharge to the underlying Chin le and SAG aquifers at subcrops where heads in the alluvial 
aquifer are higher than heads in these aquifers, and (3) groundwater outflow downgradient (south) of the 
HMC Mill site. 

An interpreted potentiometric surface and generalized flow directions for the alluvial aquifer at the HMC Mill 
site are shown on Figure 50 (based on data collected in fall 2016). At the scale of the site, alluvial ground­
water generally flows parallel to the directions of f low of SMC, Rio Lobo, and Rio San Jose. Groundwater ap­
proaches the site from the northeast from upgradient areas in the SMC alluvium. After flowing beneath the 
tailings piles, groundwater flow bifurcates around a local bedrock high into two branches. One branch flows 
west toward the Rio San Jose alluvium, while the other branch flows south through the Rio Lobo alluvium 
before turning west through a narrow channel toward the Rio San Jose alluvium. In the Rio San Jose allu­
vium, groundwater generally flows toward the southeast. 

An area of depressed alluvial groundwater levels occurs in the southern portion of the Rio San Jose alluvium. 
This depression occurs where the San Andres Limestone subcrops beneath the alluvium (Figure 49) and 
likely represents alluvial discharge to the SAG aquifer because heads in the al luvial aquifer are higher than 
heads in the SAG aquifer at this location. 

The natural flow gradient of the alluvial aquifer is locally affected by collection and injection operations. A 
hydraulic barrier is maintained immediately downgradient of the tailings piles through injection (HDR 2016), 
as shown by the potentiometric surface contours and generalized flow directions on Figure 50. Groundwater 
beneath the tailings piles is collected through a series of collection wells. In other areas of the site, collection 
and injection wells create localized areas of depression and mounding that are not readily apparent at the 5-
foot contour scale of Figure 50. 

I BrownANo Caldwell i 
77 

Final HMC MIii Site Groundwater HSCM Summary 1-8-18 



Summary of San Mateo Creek Basin Hydrogeologic Site Conceptual Models 

-
-
-

,.,,.. 

-

\ 
\ 

.... 
NOS K4P, 51:B 
!'II.UR!: 4.2- lC 

- --
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3.3.2 Upper Chinle Aquifer 

The Upper Chin le aquifer at the HMC Mill site is recharged from (1) injection of treated groundwater and SAG 
groundwater via the site remediation system operations and (2) recharge from the overlying alluvial aquifer 
at subcrops where alluvial heads are greater than heads in the Upper Chin le. Discharge from the Upper 
Chinle aquifer occurs via (1) pumping of contaminated groundwater to the treatment plants, (2) discharge to 
the overlying alluvial aquifer at subcrops where heads in the Upper Chin le aquifer are higher than alluvial 
heads, and (3) groundwater outflow to east-southeast of the HMC Mill site. 

Water-level elevations and generalized flow directions for the Upper Chin le aquifer at the HMC Mill site are 
shown on Figure 51 (based on data collected in fall 2016). The ambient flow direction in the Upper Chin le 
aquifer between the East and West faults is from north to south (Hydro-Engineering, LLC 2017), but collec­
tion and injection operations have affected flow directions in some areas. Groundwater collection and injec­
tion south of the Large Tailings Pile has impacted flow directions in the Upper Chin le aquifer. Injection from 
well CW13 on the east side of the East Fault has caused groundwater mounding in this area. 

Groundwater on either side of the East Fault flows parallel to the fault in highly transm issive zones of the Up­
per Chin le aquifer (Hydro-Engineering, LLC 2017) .. Groundwater flow across the fault is significantly re­
stricted by vertical offsetting of the aquifer. Near the Large Tailings Pile, alluvial groundwater recharges the 
Upper Chin le aquifer through subcrops. The Upper Chinle aquifer discharges groundwater back into the allu­
vium through subcrops in the southern portions of the site (e.g. , near Felice Acres) (Hydro-Engineering, LLC 
2017). 
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Figure 51. Upper Chinle Aquifer Groundwater Elevations and Flow Directions 
Source: Hydro-Engineering, LLC 2017 
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3.3.3 Middle Chinle Aquifer 

The Middle Chin le aquifer at the HMC Mill site is recharged from (1) injection of treated groundwater and 
SAG groundwater via the site remediation system operations and (2) recharge from the overlying alluvial aq­
uifer at subcrops where alluvial heads are greater than heads in the Middle Chin le. Discharge from the Mid­
dle Chin le aquifer occurs via (1) pumping of contaminated groundwater to the treatment plants, (2) dis­
charge to the overlying alluvial aquifer at subcrops where heads in the Middle Chin le aquifer are higher than 
alluvial heads, and (3) groundwater outflow to the east-southeast of the HMC Mill site. 

Water-level elevations and flow direction arrows for the Middle Chin le aquifer at the HMC Mill site are shown 
on Figure 52 (based on data collected in fall 2016). The ambient flow direction in the Middle Chinle aquifer 
appears to be from the north to south: (1) west of the West Fault and (2) between the East and West faults. 
East of the East Fault, the gradient is lower and the ambient flow direction is difficult to discern in the pres­
ence of co llection and injection . Vertica l offset of the Middle Chin le aquifer at the East and West faults re­
stricts groundwater flow across the faults, as evidenced by large head differences across the faults (HDR 
2016). Groundwater collection and injection activities near the Middle Chin le subcrops have created local­
ized areas of depression and mounding. 
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Figure 52. Middle Chinle Aquifer Groundwater Elevations and Flow Directions 
Source: Hydro-Engineering, LLC 201 7 

I Brownmo Caldwell i 
82 

Final HMC Mill S1te Groundwater HSCM Summary 1-8-18 



Summary of San Mateo Creek Basin Hydrogeologic Site Conceptua l Models 

3.3.4 Lower Chinle Aquifer 

The Lower Chin le aquifer at the HMC Mill site is recharged from the overlying alluvial aquifer at subcrops 
where alluvial heads are greater than heads in the Lower Chin le. Injection from the site remediation system 
is not occurring in the Lower Chin le. Discharge from the Lower Chin le aquifer occurs via (1) pumping of con­
taminated groundwater to the treatment plants, (2) discharge to the overlying alluvial aquifer at subcrops 
where heads in the Lower Chin le aquifer are higher than alluvial heads, and (3) groundwater outflow to the 
north-northeast of the HMC Mill site. 

Water-level elevations and generalized flow directions for the Lower Chin le aquifer at the HMC Mill site are 
shown on Figure 53 (based on data collected in fall 2016). The ambient flow direction in the Lower Chinle 
appears to be away from the subcrop locations, where alluvial groundwater recharges the Lower Chin le. This 
results in a generally northeast flow direction beneath the site. Limited groundwater collection (only one well 
in 2016) has not significantly affected groundwater flow directions. 
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Figure 53. Lower Chinle Aquifer Water Levels and Flow Directions 
Source: Hydro-Engineering, LLC 2017 
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3.3.5 SAG Aquifer 

The SAG aquifer at the HMC Mill site is recharged from the overlying alluvial aquifer at subcrops where allu­
via l heads are greater than heads in the SAG. Injection from the site remediation system is not occurring in 
the SAG. Discharge from the SAG aquifer occurs via (1) pumping of groundwater as a source of fresh water 
for use in the treatment plants ' hydraulic containment system in the alluvial and Chinle aquifers, (2) dis­
charge to the overlying alluvial aquifer at subcrops where heads in the SAG aquifer are higher than alluvial 
heads, and (3) groundwater outflow to the east-southeast. In the vicinity of the site, the primary interaction 
between the SAG and alluvial aquifers appears to be recharge of the SAG aquifer from the overlying allu­
vium, as evidenced by higher alluvial heads compared to SAG heads near the SAG subcrop. 

Water-level elevations and generalized flow directions for the SAG aquifer at the HMC Mill site in fall 2016 
are shown on Figure 54. The ambient flow direction in the SAG aquifer is to the east-southeast. The hydrau lic 
gradient is relatively flat compared to the gradients in the overlying alluvial and Chin le aquifers. 
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Figure 54. SAG Aquifer Groundwater Elevations and Flow Directions 
Source: Hydro-Engineering, LLC 2017 
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3.4 Extent of Contaminated Groundwater 
This section presents a summary of the extent of groundwater impacted from the HMC Mill site, including 
nearby offsite locations. 

3.4.1 Contamination from the HMC Mill 

The primary sources of groundwater contamination at the HMC Mill site are the Large and Small tailings 
piles (HDR 2016). Historical seepage of process-water-bearing uranium and other trace radioactive and non­
radioactive constituents resulted in loading of these metals to alluvial groundwater beneath the tailings 
pi les. The extent of contamination in the alluvial and Chin le aquifers at the end of 2016, based on uranium 
concentrations exceeding the current site standards (NRC License Cleanup levels, as discussed in HDR 
2016), is shown on Figures 55 through 58. Groundwater contamination from the HMC Mill site has not been 
detected in the SAG aquifer. Substantial progress in reducing constituent concentrations has been made in 
the alluvial and Chin le water-bearing zones since remediation activities began in the 1980s. 

In the alluvial aquifer, groundwater concentrations exceed uranium site standards (1) beneath the tailings 
piles, (2) in western and southern plumes emanating from the tailings pile area, and (3) in an apparently iso­
lated plume south of Felice Acres (Figure 55). 

In the Upper Chin le aquifer, groundwater concentrations exceed the uranium site standards (1) beneath the 
tailings piles and (2) near Broadview and Felice Acres (Figure 56) . 

In the Middle Chin le aquifer, groundwater concentrations exceed uranium site standards (1) near the sub­
crop west of the West Fault and (2) near Broadview and Felice Acres (Figure 57) . 

In the Lower Chin le aquifer, groundwater concentrations exceed uranium site standards near the subcrop 
south of Felice Acres (Figure 58). 

I Brown ANo Caldwell i 
87 

Final HMC Mill Site Groundwater HSCM Summary 1-8-18 



Summary of Sa n Mateo Creek Basin Hydrogeologic Site Conceptual Models 

- .... 

-

-

MOS IW', SU 
nGVRB 4,:1--0:,C 

-
Figure 55. Extent of Uranium Contamination in the Alluvial Aquifer 

Source: Hydro-Engineering, LLC 2017 
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Figure 56. Extent of Uranium Contamination in the Upper Chinle Aquifer 
Source: Hydro-Engineering, LLC 2017 
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Figure 57. Extent of Uranium Contamination in the Middle Chinle Aquifer 
Source: Hydro-Engineering, LLC 2017 
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Figure 58. Extent of Uranium Contamination in the Lower Chinle Aquifer 
Source: Hydro-Engineering, LLC 2017 
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3.4.2 Contamination from Offsite Locations 

Figure 59 presents time series of selenium concentrations in several alluvial monitoring wells including wells 
Q and R, which are located in the SMC alluvium approximately 0.5 mi le and 1.0 mile upgradient of the HMC 
Mill site, respectively. Concentrations in these wells exceed the selenium site standard of 0.32 mill igram per 
liter (mg.IL). These elevated selenium concentrations have been interpreted as representing contamination 
from the slow migration of mine dewatering and process water discharged to surface drainages and alluvium 
upgradient of the site in the SMC Basin . Movement of this groundwater was previously discussed in Section 
3.4.2. 

Figure 60 presents iso-concentration contours of uranium in the SAG aquifer in t_he Grants-Bluewater area. 
Although contamination from the HMC Mill site is not present in the SAG aquifer, a uranium plume is ema­
nating from the upgradient Bluewater Mill site and has increased uranium concentrations in the SAG aquifer 
near the HMC Mill site. U.S. DOE (2014) characterized this uranium plume as potentia lly stable since the 
1980s based on di lution of a continuous source due to the effects of transverse dispersion. 
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Figure 59. Selenium Concentrations in Upgradient Alluvial Wells 
Source: Hydro-Engineering, LLC 2017 
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3.5 Site HSCM Summary 
Key elements of the Site HSCM are summarized as follows: 

• The HMC Mill site is located in the southern lower portion of the SMC Basin. 

• Aquifers of Quaternary, Triassic, and Permian age are present at the site. 

• Principal aquifers that include groundwater flow at the site include the alluvium; upper, middle, and 
lower transmissive units of the Chin le Formation; and SAG aquifer. 

• Local groundwater flow in the alluvium generally flows parallel to downgradient surface flows in SMC, 
Rio Lobo, and Rio San Jose, but bifurcates around a bedrock high. 

• Groundwater flow in the Chin le Formation aquifer units and underlying SAG aquifer is generally to the 
east-southeast. 

• Site remedial activities have included groundwater extraction and injection in both the alluvial and 
Chin le sandstones, affecting local groundwater flow conditions. 

• The presence of the East and West fault zones has restricted and redirected local groundwater flow, in­
cluding in the vicinity of the Large Tailings Pile. 

• Local groundwater flow conditions have been well characterized through data collected from hundreds 
of monitoring wells. 

Section 4: Summary 
The descriptions of the Regional and Site HSCMs provided here are the culmination of BC's review of availa­
ble background information related to local and regional geology and hydrogeology in the SMC Basin. The 
data and descriptions of geologic conditions, principal aquifer units, locations and mechanisms of groundwa­
ter recharge and discharge, groundwater flow directions and hydraul ic gradients, and aquifer physical pa­
rameters will form the basis for numerical model development at both the regional and site scales. BC will 
provide a detailed plan for numerical model development as part of the next phase of support for developing 
flow and t ransport models for the SMC Basin and the HMC Mill site. 
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