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Executive Summary 
Introduction 
This Geotechnical Investigation Report was prepared on behalf of Homestake Mining Company of 
California (HMC) as part of the Evaporation Pond 1 (EP-1) relining project. Because the EP-1 liner 
exceeded its design lifespan, the liner must be replaced if EP-1 is to continue to be used effectively. This 
report presents information collected during the geotechnical drilling and field sampling specific to EP-1 at 
the Grants Reclamation Project (GRP) site. The appendices include field notes, boring logs, photo log, 
and laboratory testing results. Information presented in this report will be used to evaluate the relining 
suitability of EP-1, as well as collect data on the current state of the underlying tailings of the Small 
Tailings Pile (STP).  

Site Description 
The GRP site is located approximately 4.5 miles north of the Village of Milan, Cibola County, New Mexico. 
The site consists of two uranium mill tailings piles, a groundwater extraction and injection system, a 
reverse osmosis water treatment system, two lined collection ponds, three lined evaporation ponds for 
disposal of contaminated groundwater, administrative buildings, and associated equipment and 
structures. The combined area of the site is approximately 1,085 acres. 

EP-1 is on the STP at 35° 14’ N latitude and 107° 52’ W longitude, with a nominal site elevation of 6,583 
feet above mean sea level (amsl). EP-1 was designed and constructed in 1990 (New Mexico Office of the 
State Engineer Dam Permit Number 3700). It was constructed on top of the STP, which was constructed 
above the surrounding natural grade. The pond has a composite liner consisting of 50-mil polyester fabric 
sheets coated with Deery Oil No. 6 asphaltic emulsion. EP-1 has no internal leak detection system.  

Geotechnical Investigation 
The field work for the geotechnical investigation took place in September 2018, following HMC approval 
of the Work Plan for EP-1 Geotechnical Characterization (Stantec, 2018a). Drilling and sampling were 
conducted to characterize the subsurface materials and conditions within and underneath the EP-1 dam 
(i.e. north, south, east, and west embankments). The objective of the field investigation was to collect 
samples of the EP-1 dam fill and underlying tailings materials for geotechnical characterization and use 
the data for verification of design properties and if necessary, updates to the EP-1 design. 

Conclusions 
The subsurface profile consists of between 2 and 4 feet below ground surface (bgs) of gravel-sand-clay 
fill mixture along the EP-1 dam crest, underlain by silty or clayey fine sand tailings to approximately 25 
feet bgs, and natural silty or clayey fine sand to the extent of the boring depths. Modified California 
Sample (MCS) blow counts of 3 to 94 blows per foot (bpf) indicate soil consistency ranging between very 
loose and very dense. MCS blow counts ranged from 10 to 47 bpf (median of 15 bpf, for 5 tests) in the 
underlying alluvium, and ranged from 3 to 94 bpf (median of 36 bpf, for 60 tests) in the tailings. Retrieved 
samples ranged between dry and moist, but Stantec did not encounter groundwater during drilling 
activities.  
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Sample test results show EP-1 dam having subsurface material types of fat and lean clay, clayey sand, 
silty sand, and lean clay-silt for structural fill type A (sandy tailings) and in-place tailings samples. Water 
content ranges between 5 and 21.7 percent for structural fill type A (sandy tailings) and in-place tailings 
samples with dry unit weights ranging between 88 and 110 pounds per cubic foot (pcf). Specific gravity 
ranges between 2.64 and 2.68 for structural fill type A (sandy tailings) and in-place tailings samples. 
Plasticity index (PI) ranges between non-plastic and 42 percent for structural fill type A (sandy tailings) 
and in-place tailings samples and soil strength results show drained strength friction angles of 31.5 and 
38.7 degrees. Water contents of the natural alluvium samples were between 8.5 and 12.3 percent with 
dry unit weights between 85 and 106 pcf. Specific gravity of one alluvium sample was 2.68. The plasticity 
index (PI) of one alluvium sample was 7 percent with a drained strength friction angle of 33.6 degrees.  

Based on a material properties evaluation described in Section 4.1, Stantec finds the design property 
values used for the slope stability modeling during the EP-1 Feasibility Study (Stantec, 2018b) 
acceptable.  

Based on liquefaction susceptibility screening of the tailings samples collected from beneath the EP-1 
embankments, two of eleven laboratory samples were identified as liquefaction-susceptible material 
types. The two susceptible samples were collected from 10-12 feet bgs, which is at least 23 feet above 
the STP static groundwater level (HMC and Hydro-Engineering, 2018). 

Based on requirements in NUREG Guide 3.11 (NRC, 2008) Section C.2.f., Stantec recommends CPT 
characterization of the STP profile and installation of piezometers to further confirm the presence, or 
limits, of susceptible layers and the phreatic surface. The NUREG states that evaluation of liquefaction 
potential should include laboratory testing, in situ testing, and comparisons to similar soil deposits. The 
pseudo-static analysis conducted for the EP-1 Feasibility Study (Stantec, 2018b) should be revisited after 
completing additional characterization of the profile. Stantec recommends completing the CPT 
characterization concurrently with the LTP CPT investigation. 
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Abbreviations 

amsl above mean sea level 

bgs below ground surface 

bpf blows per foot 

CPT cone penetration test 

HMC Homestake Mining Company of California 

LL Liquid limit 

LTP Large Tailings Pile 

MCS Modified California sample(r) 

NSHM National Seismic Hazard Maps 

NMOSE New Mexico Office of the State Engineer 

pcf pounds per cubic foot 

PGA peak ground acceleration 

PI plasticity index 

STP Small Tailings Pile 

TM technical memorandum 

USGS US Geological Survey 
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1 INTRODUCTION  

1.1 PURPOSE 

This Geotechnical Investigation Report was prepared on behalf of Homestake Mining Company of 
California (HMC) as part of the Evaporation Pond 1 (EP-1) relining project. Because the EP-1 liner 
exceeded its design lifespan, the liner must be replaced if EP-1 is to continue to be used effectively. This 
report presents information collected during the geotechnical drilling and field sampling specific to 
Evaporation Pond 1 (EP-1) at Grants Reclamation Project site. The geotechnical data for the pond 
embankment tailings, the STP in general, and alluvium (natural ground) beneath the STP will be used for 
verification of design properties and updates to the EP-1 design. 

This report summarizes the geotechnical investigation and sampling conducted at the Grants 
Reclamation site specific to EP-1. The field work for the EP-1 relining project investigation was completed 
in accordance with the HMC-approved work plan (Stantec, 2018a). 

1.2 REPORT BACKGROUND 

As part of the EP-1 Relining Feasibility Study (Stantec, 2018b), Stantec and HMC determined additional 
geotechnical characterization data was necessary to confirm existing data and the material properties 
used for stability modeling in the liner system design. The proposed Relining Design includes placement 
of a double-liner with leak detection system on top of the existing liner system. Due to limited available 
STP and EP-1 geotechnical data, Stantec developed a work plan to obtain data necessary to complete 
the design (Stantec, 2018a).  

1.3 REPORT OBJECTIVES AND SCOPE 

The objective of the geotechnical investigation was to obtain additional data required to further evaluate 
the EP-1 dam (i.e. north, east, south, and west embankments) and underlying tailings materials for 
geotechnical characterization. Stantec conducted drilling and sampling to characterize the subsurface 
materials and conditions within and underneath the EP-1 dam. Laboratory samples underwent analytical 
screening and geotechnical testing to evaluate their geotechnical properties. Objectives of the 
geotechnical characterization were to collect current geotechnical data for materials of the pond 
embankments, the STP, and beneath the STP and use this data for verification of design properties and 
updates to the EP-1 Re-lining Design. This report contains an evaluation of soil properties of EP-1 dam 
and underlying materials. Specifically, this report presents the following information: 

• A summary of the investigation and sampling conducted 

• The results of the investigation – boring logs and laboratory data 

• Verification of design geotechnical properties used in the EP-1 Re-lining Design  

The report contents include the following: 
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• Section 1 – Introduction  

• Section 2 – Drilling and Sampling Conducted 

• Section 3 – Subsurface Conditions  

• Section 4 – Geotechnical Laboratory Test Results 

• Section 5 – Material Properties Evaluation 

• Section 6 – Conclusions 

• Section 7 – References  

The appendices include laboratory data reports, field and drilling logs, and field photographs documenting 
the investigation and sampling activities at the EP-1 dam.  
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2 DRILLING AND SAMPLING  

2.1 DRILLING ACTIVITIES  

Stantec conducted the EP-1 geotechnical investigation September 17 to September 19, 2018. Field 
activities consisted of drilling and soil sampling conducted by Cascade Drilling and Technical Services LP 
(Cascade) under contract to HMC. Cascade used a CME-85 truck-mounted drill rig and 7.25-inch-
diameter hollow stem auger to complete the drilling portion of the field activities. Upon completion of each 
borehole, Cascade backfilled each with cuttings. No drilling fluid was used. 

Cascade conducted drilling activities generally in accordance with the work plan (Stantec, 2018a). There 
was a minor change to the S-3 drilling location (a move of 24 feet to the west) due to a buried electrical 
cable. Borehole depths were reduced during the investigation from depths proposed in the work plan at 
E-2, W-2, and N-1 based on field interpretation of the transition from tailings to native soils. Figure 1 
shows borehole locations. Table 1 summarizes the completed boreholes. 

Table 1 Summary of Completed Boreholes 

Boring ID Northing1 Easting1 
Surface Elevation 

(ft)1 
Depth of Borehole 

(ft bgs)2 

E-1 1542183.8 492695.3 

6603 

20.5 
E-2 1541757.1 492682.9 31.5 
E-3 1541332.1 492669.9 20.5 
S-1 1541232.7 492421.6 20.5 
S-2 1541304.6 491875.7 36.5 
S-3 1541377.0 491303.9 20.5 
W-1 1541597.0 491285.4 20.5 
W-2 1541884.8 491507.4 20.5 
W-3 1542171.3 491730.4 20.5 
N-1 1542265.1 492139.9 20.5 

    
          Note:  

1. New Mexico West Zone State Plane Grid NAVD88 
2. bgs = below ground surface, ft = feet 

2.2 SAMPLING ACTIVITIES 

A Stantec geotechnical engineer supervised sampling activities along the EP-1 dam crest. Cascade 
conducted penetration tests with a 2.5-inch Modified California sampler driven by a 140-pound auto-
hammer falling 30 inches to complete the geotechnical sampling activities.  

Cascade drilled ten boreholes along the crest of the EP-1 dam, one borehole on the north embankment, 
and three boreholes each on the east, south, and west embankments. Borehole depths ranged between 
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20 and 37 feet below ground surface (bgs), with a total of 232 feet drilled. At each borehole location, one 
MCS test was conducted within the upper five feet bgs and another five feet after. Between 10 and 20 
feet bgs, Stantec conducted MCS tests at 2.5-foot intervals, and at five-foot intervals from 20 feet to total 
depth. Stantec collected 72, 2.5-inch diameter by 4-inch long, brass liner sample sleeves for off-site 
laboratory testing. Samples were sealed with plastic caps and stored in a 5-gallon bucket while on-site. 
All 72 samples were packaged to limit disturbance and shipped to an off-site laboratory as a UN 2910 
excepted package.  

2.3 FIELD OBSERVATIONS   

The subsurface profile consists of between 2 and 4 feet bgs of gravel-sand-clay fill mixture along the crest 
of EP-1 dam, underlain by silty or clayey fine sand tailings to approximately 25 feet bgs, and natural silty 
or clayey fine sand to the extent of the boring depths. MCS blow counts ranged from 3 to 94 in the tailings 
indicating very loose to very dense consistency. Blow counts in the natural soil ranged from 10 to 47 
indicating a loose to medium dense consistency. The materials encountered were similar to materials 
described in the 1990 Design Brief (AKG, 1990) and correlate with material properties used for the EP-1 
relining design. Free water was not encountered in the boreholes completed for this investigation. 
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3 SUBSURFACE CONDITIONS 

3.1 SITE GEOLOGY 

The site is in the southeastern part of the Colorado Plateau physiographic province and is mostly on the 
south flank of the San Juan Basin. This region experienced a minor degree of structural deformation 
(regional folding and block uplift) associated with formation of the Zuni Uplift, which is characterized by a 
northwest-trending anticline composed of Precambrian crystalline basement rocks overlain by Permian to 
Jurassic sedimentary rocks. These sedimentary rocks were uplifted during the Laramide Orogeny near 
the end of the Late Cretaceous through the Eocene, approximately 80 to 40 million years before present 
(Arcadis, 2013). Bedrock units at the site consist of the Glorietta Sandstone (Early Permian), San Andres 
Limestone (Early Permian), and Chinle Formation (Late Triassic). As a result of Laramide deformation, 
these bedrock units have a shallow northeastern dip direction of approximately 3 to 10 degrees (Kelley, 
1967). 

The surficial soils underlying the site consist of clay underlain by silty sand to sand with silt to varying 
depths. The clay is low in plasticity, whereas the silty sand was non-plastic (CH2M, 2018). Geologic logs 
from wells installed on site indicate the alluvium thickness underneath the main area of the site (the 
location of the Large Tailings Pile [LTP]) is up to 100 feet thick (CH2M, 2018). The alluvial aquifer 
consists of discontinuous layers of clay, silt, and sand. 

3.2 EP-1 SUBSURFACE CONDITIONS  

Cascade drilled boreholes along the EP-1 dam to characterize subsurface soil conditions. The boreholes 
extended below the designed base elevation of EP-1.  

The borings were predominantly in tailings (referred to as “Structural Fill Type A (Sandy Tailings)” and “In-
Place Tailings” in AKG,1990 and Stantec, 2018a), with an estimated 1.5 to 3.5 feet of soil fill overlying the 
tailings. The soil fill consists of silty sand with gravel, clayey sand, or clayey gravel. The tailings generally 
consist of silty sands with lenses of sandy clay and clay at depths below 13 feet. Below approximately 25 
feet, the alluvium soils (referred to as “Natural Ground” in AKG,1990 and Stantec, 2018a) generally 
consist of sandy clay or clay with sand.    

As discussed above, Stantec encountered fill at each borehole location. Stantec did not conduct drive 
samples in the fill. MCS blow counts for tailings between 5 and 25 feet bgs in tailings generally indicated 
very loose to very dense consistency (3 to 88 bpf). Between 25 to 36 feet bgs in Natural Ground, MCS 
blow counts indicated a consistency ranging between loose and medium dense (10 to 47 bpf). Sample 
material at each boring was generally moist. 

3.3 GROUNDWATER CONDITIONS 

While some retrieved samples were moist, Stantec did not encounter groundwater during EP-1 drilling 
activities. For reference, monitoring wells previously installed in the alluvium downstream of EP-1 (wells 
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C10, C12, and K7) showed a water level between elevations of 6,541 and 6,569 feet (NAVD88) in 2017 
(HMC and Hydro-Engineering, 2018). The deepest boring location drilled was S-2, reaching an elevation 
of approximately 6,565 feet (NAVD88). Figure 1 shows these well locations. 

3.4 SITE SEISMICITY 

The following is excerpted from Stantec’s review memo of the Grants Reclamation PFS Fault Study for 
Seismic Design to Support Detail Design Draft Technical Memorandum (TM) prepared by Jacobs and 
submitted to Barrick in April 2018 (Jacobs, 2018). Stantec’s memo is included as Appendix A.1 in the EP-
1 Feasibility Study (Stantec, 2018b). 

The TM discussed two M5.0 earthquakes, one that occurred in the Rio Grande Rift near the New Mexico-
Colorado border in 2005, and one that occurred about 110 miles northwest of Albuquerque in 1976 (and 
approximately 80 miles from the project site). Stantec identified a Mw 5.3 earthquake that occurred in 
2011 in the same region as the 2005 earthquake and a mb (body wave magnitude) 5.0 earthquake that 
occurred in 1973 approximately 6 miles from the project site. While most of the seismic activity in the 
region can be attributed to the Rio Grande Rift, the project site is not located within the rift and seismicity 
closer to the site provides more of an indication of the seismic hazard at the site due to background 
earthquakes. 

Jacobs’ seismic hazard study was performed using the Uniform Hazard Tool available on the US 
Geological Survey (USGS) website. In the study, both the 2008 and 2014 USGS National Seismic Hazard 
Maps (NSHM) were evaluated for the 2,475-year return period. Jacob used a site condition of 760 m/s 
(Site Class B/C) in the evaluation. The resulting peak ground acceleration (PGA) from the 2008 and 2014 
NSHM was 0.14 and 0.13 g, respectively, indicating a slight decrease in PGA from the 2008 and 2014 
NSHM models.  

Stantec selected the resulting PGA from the 2014 NSHM of 0.13 g as the predicted PGA for the 
geotechnical design basis. Stantec chose the base (i.e., bedrock) ground motions (Site Class B) from the 
USGS data for the project site, based on coordinates of 35.25° N latitude, 107.52° W longitude. Following 
Section 20.4 of ASCE (2010), the average penetration resistance for the upper 100 feet of the site was 
estimated to be between 15 and 50 bpf (CH2M, 2018), classifying the site as Site Class D for shallow 
foundations. The predicted PGA value was converted from Site Class B/C to Site Class D using Table 
11.8-1 from ASCE (2010) (shown in Figure 1). Given a PGA value of 0.128 g, interpolation results in a 
FPGA of 1.54. The resulting Site Class D PGA used in the geotechnical design is 0.20 g (=1.54*0.128). 
Stantec used two-thirds of the predicted peak ground acceleration, 0.13 g (=0.20*2/3) as the pseudo-
static coefficient in the pseudo-static stability analysis for the EP-1 Feasibility Study (Stantec, 2018b). 

3.4.1 Liquefaction Screening Evaluation 

Earthquakes can commonly induce liquefaction within saturated granular materials of low relative density. 
Liquefaction is most common in poorly-graded sand and silty sand deposits, though it has been known to 
occur in other material types. Conditions susceptible to liquefaction generally occur in areas where 
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accumulated material is composed of low-density granular material with near-surface groundwater. 
Although less common, sites without groundwater or substantial thickness of saturated soils can also 
sustain earthquake-induced damages; including ground-rupture, flow slides and settlement. 

NRC Regulatory Guide 3.11 (2008) states that if three or more of the following indicate liquefaction is 
likely, then “… a more rigorous analysis of the liquefaction potential at a facility is required”: (1) geologic 
age and origin, (2) fines content and plasticity index (PI), (3) saturation, (4) depth below ground surface, 
and (5) soil penetration and resistance.  

1) Geologic age and origin: the tailings fill and fluvial foundation have a greater potential for 
liquefaction than older deposits 

2) Fines content and PI: To identify specific materials considered susceptible for the purposes of this 
screening evaluation, non-plastic materials with a fines content less than 15 percent or materials 
with water content to liquid limit ratios of 0.85 or greater (exceeds NUREG 3.11, which limits at a 
ratio of 0.9) were identified (see below). 

3) Saturation: Stantec did not encounter groundwater or saturated materials during drilling at EP-1. 
Drilling reached a maximum depth of 6,565 feet (NAVD88). Water levels from nearby monitoring 
wells located in alluvium on the north and south ends downstream of EP-1 show groundwater 
levels between 6,541 and 6,569 feet (NAVD88) as mentioned in Section 3.3.  

4) Depth: The materials of concern for EP-1 are in the STP (above original ground) or within 50 feet 
of the original ground surface. 

5) Soil penetration and resistance was not considered quantitatively for liquefaction screening based 
on NMOSE guidance not to convert blow counts for the California sampler to Standard 
Penetration Test values. However, uncorrected MCS blow counts of 51 bpf or less (very loose to 
medium dense material) are considered potentially susceptible based on the NRC screening 
criteria and 44 of the 65 drive samples from the investigation fall into this category. MCS blow 
counts ranged from 10 to 47 bpf (median of 15 bpf, for 5 tests) in the underlying alluvium, and 
ranged from 3 to 94 bpf (median of 36 bpf, for 60 tests) in the tailings.  

In the case of the STP, conditions 1, 4 and 5 are typically met for the profile so the materials were further 
evaluated using the laboratory data and the Bray and Sancio (2006) criteria. The criteria state a soils PI is 
a better indicator of susceptibility than weight of clay-size particles. Soils were identified as “susceptible” 
or “moderately susceptible” to liquefaction according to the guidelines outlined in Bray and Sancio (2006), 
which state that a soil deposit is considered to be susceptible to liquefaction if the ratio of the water 
content (wc) to liquid limit (LL) is greater than or equal to 0.85 (wc/LL ≥ 0.85), and the soil PI is less than or 
equal to 12 (PI ≤ 12). Soils with 12 < PI ≤ 20 and wc/LL ≥ 0.8 may be moderately susceptible to 
liquefaction. Soils with PI > 20 are considered too clayey to liquefy. 

Eight samples were tested for Atterberg limits and eight were tested for gradation. Two of the eight 
samples are non-plastic. The six remaining samples show a plasticity index range between 5 and 42 

http://www.stantec.com/


GRANTS RECLAMATION PROJECT EP-1 GEOTECHNICAL INVESTIGATION REPORT  
 

Subsurface Conditions  
May 7, 2019 

 3.4 

 
 

percent, with a water content to liquid limit ratio range between 0.37 and 0.95. Of the eight samples 
tested for gradation only one sample (E-1-10A) had less than 15 percent fines (14.3%). The remaining 
samples had fines contents between 26 and 60 percent. Table 2 summarizes liquefaction susceptibility 
criteria of the samples with plasticity.  

Excluding the use of the blow counts for consideration, and although saturated conditions were not 
encountered, two samples tested in the laboratory exhibit properties of liquefaction susceptibility. 
Because two samples were identified as potentially susceptible within the profile, and the MCS blow 
counts generally indicate very loose to medium dense materials within and below the STP, Stantec 
recommends additional characterization to identify thicknesses of specific layers susceptible to 
liquefaction. Further characterization using Cone Penetration Testing (CPT) should be completed in 
conjunction with the planned liquefaction characterization for the LTP.  
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Table 2 Liquefaction Susceptibility based on Geotechnical Properties 

Sample 

Sample 
Depth 

(ft) 

Modified 
California 
Sampler 

Blow 
Counts 

(bpf) 
Water Content 
(by mass, %) 

Fines Content                        
(% silt and clay) 

Plasticity 
Index (%) 

Liquid 
Limit (%) 

Water Content 
to Liquid Limit 
Ratio (wc/LL) 

Liquefaction 
Susceptibility Comments 

W-3-17.5A 19.0 10 19.4 44.2 NP - Not susceptible  
E-1-10A 11.5 13 5.0 14.3 NP - Susceptible Fines content < 15% 

E-2-17.5A 19.0 9 20.0 59.8 10 29 0.69 Not susceptible  
E-2-25A 26.5 10 8.5 57.5 - - Not susceptible  

S-2-17.5B 18.5 61 19.8 45.8 9 24 0.83 Not susceptible  
W-2-15A 16.5 3 12.3 - 8 28 0.44 Not susceptible  

W-1-17.5A 19.0 19 21.7 - 42 59 0.37 Not susceptible  
S-2-30A 31.5 15 12.3 26.2 7 25 0.49 Not susceptible  
S-1-15B 16.5 63 11.5 35.9 - - Not susceptible  
N-1-10A 11.5 4 20.9 - 5 22 0.95 Susceptible wc/LL ≥ 0.85 and PI ≤ 12 

S-1-17.5B 19.0 47 15.6 38.3 - - Not susceptible  
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4 GEOTECHNICAL LABORATORY TESTING RESULTS 
Advanced Terra Testing (ATT) in Lakewood, CO conducted the geotechnical laboratory testing on the 
samples. Due to the radioactivity of the tailings material, analytical testing of the soil samples was 
required before ATT could receive them. Hazen Research Laboratories in Golden, CO conducted gross 
gamma, thorium, and uranium testing for ATT. Geotechnical laboratory testing included sieve analysis, 
Atterberg limits, moisture and density, specific gravity, triaxial strength (consolidated undrained with pore 
water pressure), and direct shear strength. Table 3 summarizes geotechnical laboratory testing results. 
Appendix C includes results as received from ATT.
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Table 3 Summary of Geotechnical Laboratory Testing Results 

Borehole Sample 
Sample 
Type (1) 

Material 
Type(2) 

Sample Depth 
Interval (ft) USCS (3) 

Water Content                        
(by mass, %) 

Dry Unit 
Weight                               

(pcf) 
Specific 
Gravity 

Atterberg Limits (%) (4) 

USCS % Sand 
% Passing No. 200 

Sieve (fines) Tr
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LL PL PI 
W-3 W-3-17.5A CA tailings 18.5 19.0 SC 19.4 93.7 2.66 NP 55.8 44.2   

E-1 E-1-10A CA sandy tailings 11.0 11.5 SM 5.0 94.6 2.65 NP 85.7 14.3   

E-2 E-2-17.5A CA tailings 18.5 19.0 CL 20.0 88.0 2.64 29 19 10 40.2 59.8   

E-2 E-2-25A CA alluvium 26.0 26.5 CL 8.5 85.5   42.5 57.5   

S-2 S-2-17.5B CA tailings 18.0 18.5 CL 19.8 104.9 2.67 24 15 9 53.2 45.8   

W-2 W-2-15A CA sandy tailings 16.0 16.5 CL 12.3 93.1 2.65 28 20 8     

W-1 W-1-17.5A CA tailings 18.5 19.0 CH 21.7 100.4 2.66 59 17 42   31.5  

S-2 S-2-30A CA alluvium 31.0 31.5 CL 12.3 105.8 2.68 25 18 7 73.6 26.2  33.6 (29.4) 
S-1 S-1-15B CA sandy tailings 15.5 16.0 SC 11.5 106.1 2.65  64.1 35.9 33.4  

N-1 N-1-10A CA sandy tailings 11.0 11.5 CL-ML 20.9 100.5 2.66 22 17 5    31.5 (32.7) 
S-1 S-1-17.5B CA tailings 18.0 18.5 SC 15.6 109.5   61.7 38.3  38.7 (32.5) 

Notes: 1. Sample Types: CA = California sample, Bulk = bucket/grab sample           
 2. Alluvium = natural ground, sandy tailings = structural fill type A (sandy tailings), tailings = in-place tailings        

 

 

3. USCS = Unified Soil Classification System, material descriptions are based on field observations, and refined with laboratory data, if available.  USCS classifications are provided only where sufficient laboratory data are available. CH = high plasticity clay, CL = low 
plasticity clay, CL-ML = clay-silt, SC = clayey sands, SM = silty sands    

 4. LL = liquid limit, PL = plastic limit, PI = plasticity index, NP = non-plastic         
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5 MATERIAL PROPERTIES EVALUATION  

5.1 STABILITY MODEL MATERIAL PROPERTIES 

Stantec evaluated slope stability of the pond embankments based on the design grading plans and 
existing embankment topography as part of the EP-1 relining design. Material properties used in the slope 
stability evaluation are based in part on data in the 1990 Design Brief by AKG. The stability analysis 
models the embankments for three scenarios: (1) at the end of construction, prior to adding fill material 
and a liner system to EP-1; (2) long-term stability with the added weight of the water in the pond; and (3) 
one condition post-construction to represent liner failure and seepage through the embankment. The 
Grants Reclamation Project – EP-1 Relining Feasibility Study, Appendix A.6 developed for HMC by 
Stantec (2018b) describes the slope stability analyses results. Stantec compared the model property 
values and the geotechnical investigation results from the embankment subsurface to confirm the design 
values used in the slope stability analyses represent the current conditions.  

Specifically, Stantec evaluated total unit weight and drained friction angle values. During model 
development, Stantec calculated total unit weight of embankment subsurface materials using an 
estimated water content of 20 percent and a selected dry density based on standard Proctor testing data 
in the 1990 Design Brief (AKG, 1990 and Stantec, 2018b). Dry densities for Type A Structural Fill (Sandy 
Tailings) and Natural Ground were based on standard Proctor testing conducted for the 1990 Design 
Brief. In-Place Tailings dry density was determined prior to the 1990 Design Brief and the density value 
was accepted by regulatory agencies. The following paragraphs and tables describe the evaluation of 
total unit weight and drained friction angle for Type A Structural Fill (Sandy Tailings), In-Place Tailings, 
and Natural Ground used in slope stability modeling. Stantec did not evaluate the salts and sediments 
within the pond as part of this investigation. The following sections describe the design and geotechnical 
investigation material properties evaluation.  

5.1.1 EP-1 Design Properties  

Table 4 summarizes design parameters for each material, which are discussed in Appendix A.6 of the 
Grants Reclamation Project – EP-1 Relining Feasibility Study (Stantec, 2018b). 
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Table 4 Design Material Property Values Summary 

Material 

Total 
Unit 

Weight 
(pcf) 

Drained 
Strength, 
Friction 
Angle 

(degrees) 
Cohesion 

(psf) Source 
Type A Structural 

Fill (Sandy Tailings) 130 30 0 1990 Design Brief (AKG, 1990) 

In-Place Tailings 120.0 29.0 0 1990 Design Brief (AKG, 1990) 

Natural Ground 114.0 30.0 0 Assumed to be same as Type 
B Structural Fill 

5.2 GEOTECHNICAL INVESTIGATION PROPERTIES 

Geotechnical investigation properties are based on samples selected for laboratory testing. Stantec 
selected samples to represent the embankment subsurface. Based on the 1990 AKG Design Brief (1990), 
the slope stability model embankment subsurface consists of Type A Structural Fill (Sandy Tailings), In-
Place Tailings, and Natural Ground. Geotechnical investigation results have been generally categorized 
by depth using this nomenclature for material types and are summarized in the following sections. 

5.2.1 Type A Structural Fill (Sandy Tailings) 

Four laboratory test results show Type A Structural (Sandy Tailings) with a total unit weight ranging 
between 99.3 and 121.5. Stantec used a design value of 130 pcf. Two test results show Type A Structural 
Fill (Sandy Tailings) having an effective stress (drained) friction angle of 31.5 and 33.4 degrees. Stantec 
used a design value of 30 degrees in the models. Table 5 summarizes Type A Structural Fill (Sandy 
Tailings) design and test result values.  

Table 5 Type A Structural Fill (Sandy Tailings) Property Values Comparison 

  Design 
Value 

Geotechnical 
Investigation 
Max. Value 

Geotechnical 
Investigation 

Average Value 

Geotechnical 
Investigation 
Median Value 

Geotechnical 
Investigation 

Min. Value 
Total Unit Weight 

(pcf) 130 121.5 110.9 111.4 99.3 

Drained Strength, 
Friction Angle (deg.) 30 33.4 32.5 32.5 31.5 
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5.2.2 In-Place Tailings 

Six test results show In-Place Tailings with total unit weight ranging between 126.6 and 92.8 pcf, with an 
average of 114.1 pcf. Two test results show In-Place Tailings having effective stress (drained) friction 
angles of 31.5 and 38.7 degrees. Stantec used a design drained friction angle of 29 degrees and a total 
unit weight of 120 pcf in the models, which is conservative with respect to the lab results. Table 6 
summarizes In-Place Tailings design property values and test result value ranges.  

Table 6 In-Place Tailings Property Values Comparison 

  

Design Value 

Geotechnical 
Investigation 
Max. Value 

Geotechnical 
Investigation 

Average Value 

Geotechnical 
Investigation 
Median Value 

Geotechnical 
Investigation 

Min. Value 
Total Unit Weight 

(pcf) 120 126.6 114.1 117.0 92.8 

Drained 
Strength, Friction 

Angle (deg.) 
29 38.7 35.1 35.1 31.5 

 

5.2.3 Natural Ground (Alluvium) 

One test result shows Natural Ground (alluvium) having a total unit weight of 118.8 pcf. Stantec used a 
design value of 114 pcf. One test result shows alluvium having an effective stress (drained) friction angle 
of 33.6 degrees. Stantec used a design strength value of 30 degrees. Table 7 compares design and 
laboratory test result property values for the alluvium.  

Table 7 Natural Ground (Alluvium) Property Values Comparison 

  
Design 
Value 

Geotechnical 
Investigation 

Value 
Total Unit Weight 

(pcf) 114 118.8 

Drained Strength, 
Friction Angle (deg.) 30 33.6 
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6 CONCLUSIONS 
Stantec evaluated the design properties used for the slope stability modeling for the Grants Reclamation 
Project – EP-1 Relining Feasibility Study, Appendix A.6 developed for HMC by Stantec (2018b). For the 
structural fill and the In-Place Tailings, modeled strength values were less than the values indicated by 
the laboratory results and total unit weights modeled were greater than the total unit weights from the 
laboratory. For the properties of the Natural Ground, the design strength and the total unit weight 
modeled were less than the values reported by the lab. The lower unit weight for the Natural Ground in 
the model does not affect the resulting critical failure surfaces evaluated. 

Based on the evaluation and the data collected during the 2018 geotechnical investigation, Stantec 
concludes that the design total unit weights and drained strength friction angles used in the slope stability 
analyses are appropriate for the modeling completed for the EP-1 FS design. 

The New Mexico Administrative Code (19.25.12.13(c)(i)) states that pseudo-static analysis is acceptable 
for embankments to be mechanically compacted to 95 percent of maximum standard Proctor density, if 
no materials susceptible to liquefaction exist in the foundation, and PGA is equal to or less than 0.20 g 
(NMAC, 2005). The PGA calculated for the site is 0.20 g and the original EP-1 design documents dictate 
that the embankment was to be constructed in 1-foot lifts and compacted to 95 percent of maximum 
standard Proctor density (AKG, 1990), although Stantec did not review as-built information that confirms 
this occurred. Based on liquefaction susceptibility screening of the samples collected from the EP-1 
structure foundation, two of eleven samples were identified as liquefaction-susceptible material types. 
However, within the boreholes drilled for this evaluation, the materials encountered were unsaturated. 
The two susceptible samples were collected from 10-12 feet bgs, which is at least 23 feet above the site 
static groundwater level.  

Based on requirements in NUREG Guide 3.11 (NRC, 2008) Section C.2.f., Stantec recommends CPT 
characterization of the STP profile and installation of piezometers to further confirm the presence, or 
limits, of susceptible layers and the phreatic surface. The NUREG states that evaluation of liquefaction 
potential should include laboratory testing, in situ testing, and comparisons to similar soil deposits. The 
pseudo-static analysis conducted for the EP-1 Feasibility Study (Stantec, 2018b) should be revisited after 
completing additional characterization of the profile. Stantec recommends completing the CPT 
characterization concurrently with the LTP CPT investigation. 
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Figure 1 
EP-1 Soil Boring and Well Locations 
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APPENDIX A  BORING LOGS, SAMPLE PHOTOS, AND 
DAILY FIELD LOGS 

  

http://www.stantec.com/


GRANTS RECLAMATION PROJECT EP-1 GEOTECHNICAL INVESTIGATION REPORT  
 

Appendix A 
May 7, 2019 

  A.2 
 

  

 

BORING LOGS 
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SAMPLE PHOTOS 
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Photoset 1. Sample E-3-5A   

  

Photoset 2. Sample E-3-10A 
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Photoset 3. Sample E-3-12.5A  

  

Photoset 4. Sample E-3-15A  
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Photoset 5. Sample E-3-17.5A  

  

Photoset 6. Sample E-3-19A  
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Photoset 7. Sample E-2-5A  

  

Photoset 8. Sample E-2-10A  
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Photoset 9. Sample E-2-12.5A  

  

Photoset 10. Sample E-2-15A  
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Photoset 11. Sample E-2-17.5B  

  

Photoset 12. Sample E-2-17.5A  
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Photoset 13. Sample E-2-20A 

  

Photoset 14. Sample E-2-25A  
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Photoset 15. Sample E-2-30A 

  

Photoset 16. Sample E-1-5A  
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Photoset 17. Sample E-1-10A 

  

Photoset 18. Sample E-1-12.5A  

 



GRANTS RECLAMATION PROJECT EP-1 GEOTECHNICAL INVESTIGATION  

   

 

  

Photoset 19. Sample E-1-15A 

  

Photoset 20. Sample E-1-17.5A  
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Photoset 21. Sample E-1-19A 

  

Photoset 22. Sample N-1-5A  
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Photoset 23. Sample N-1-10A 

  

Photoset 24. Sample N-1-12.5A  
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Photoset 25. Sample N-1-15A 

  

Photoset 26. Sample N-1-17.5A  

 



GRANTS RECLAMATION PROJECT EP-1 GEOTECHNICAL INVESTIGATION  

   

 

  

Photoset 27. Sample N-1-19A 

  

Photoset 28. Sample W-3-5A  
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Photoset 29. Sample W-3-10A 

  

Photoset 30. Sample W-3-12.5A  
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Photoset 31. Sample W-3-15A 

  

Photoset 32. Sample W-3-17.5A  
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Photoset 33. Sample W-3-19A 

  

Photoset 34. Sample W-2-5A  
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Photoset 35. Sample W-2-10A 

  

Photoset 36. Sample W-2-12.5A  
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Photoset 37. Sample W-2-15A 

  

Photoset 38. Sample W-2-17.5A  
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Photoset 39. Sample W-2-19A 

  

Photoset 40. Sample W-1-5A  
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Photoset 41. Sample W-1-10A 

  

Photoset 42. Sample W-1-12.5A  

 



GRANTS RECLAMATION PROJECT EP-1 GEOTECHNICAL INVESTIGATION  

   

 

  

Photoset 43. Sample W-1-15A 

  

Photoset 44. Sample W-1-17.5A  
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Photoset 45. Sample W-1-19A 

  

Photoset 46. Sample S-3-5A  
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Photoset 47. Sample S-1-10A 

  

Photoset 48. Sample S-3-12.5A  
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Photoset 49. Sample S-3-15A 

  

Photoset 50. Sample S-3-17.5A  
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Photoset 51. Sample S-3-19A 

  

Photoset 52. Sample S-1-5A  
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Photoset 53. Sample S-1-10A 

  

Photoset 54. Sample S-1-12.5A  
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Photoset 55. Sample S-1-15A 

  

Photoset 56. Sample S-1-17.5A  
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Photoset 57. Sample S-1-19A 

  

Photoset 58. Sample S-2-5A  
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Photoset 59. Sample S-2-10A 

  

Photoset 60. Sample S-2-12.5A  
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Photoset 61. Sample S-2-15A 

  

Photoset 62. Sample S-2-17.5B  
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Photoset 63. Sample S-2-20A 

  

Photoset 64. Sample S-2-25A  
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Photoset 65. Sample S-2-30A 

  

Photoset 66. Sample S-2-35A  
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DAILY FIELD LOGS 
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  Daily Field Report 
 

 Date Mon, 9/17/2018 

PROJECT:  GRP EP-1 Drilling 
  

JOB NO: 233001304 
Weather ☒ Bright 

Sun 
☐ Sunny ☐ Over- 

cast 
☐ Rain ☐ Snow 

CLIENT: Homestake Mining Co. 
Temp. °F ☐ <32 ☐ 32-50 ☐ 50-70 ☐ 70-85 ☒ 85-

100 
☐ >100 

CONTRACTOR:  Stantec 
Wind ☐ Still ☒ Moder. ☐ High Report No. 

 

1 
PROJECT MANAGER:  Melanie Davis 

Humidity ☒ Dry ☐ Moder. ☐ Humid 

 
Onsite Personnel  

Name Company Position Remarks 
Matthew Kapp 
Matthew Cain  
Matthew Sanchez 
Sibert Leslie  

Stantec 
Cascade 
Cascade 
Cascade  

Field Engineer 
Drill Operator  
Drill Hand 
Drill Hand 

  

 

Equipment 
Item Company Op Hrs 

CME 85 Drill Rig Cascade 9 

 

Safety: 

No incidents reported 
 

Activities Summary: 

Stantec and Cascade arrived onsite at 0700. Site specific training was conducted, completing at approximately 
0900. Rig prep was complete at approximately 1130. Drilling started at 1200 at S-1 and was complete at 
approximately 1330. Six SPT drives were conducted, with 12 sample sleeves kept for laboratory testing. Total 
Depth of S-1 was 20.5 feet bgs. The drill rig was mobilized to S-2 and drilling commenced at approximately 
1400. At 1530 drilling was stopped to allow cleanup and exit screening time before the 1600 site gate closure. A 
depth of 31.5 feet bgs was reached at S-2 and 8 SPT drives were conducted, with 8 sample sleeves kept for 
laboratory testing. Cascade and Stantec signed out and left the site at 1600. 
 
A total of approximately 52 feet were drilled and 19 sample sleeves were kept on this day. 
  
 
 
 

 
 By: M. Kapp Title: Field Engineer 
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Photo 1. Drilling setup at borehole S-1 

 
Photo 1. Drilling at borehole S-1 
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  Daily Field Report 
 

 Date Tue, 9/18/2018 

PROJECT:  GRP EP-1 Drilling 
  

JOB NO: 233001304 
Weather ☒ Bright 

Sun 
☐ Sunny ☐ Over- 

cast 
☐ Rain ☐ Snow 

CLIENT: Homestake Mining Co. 
Temp. °F ☐ <32 ☐ 32-50 ☐ 50-70 ☐ 70-85 ☒ 85-

100 
☐ >100 

CONTRACTOR:  Stantec 
Wind ☐ Still ☒ Moder. ☐ High Report No. 

 

2 
PROJECT MANAGER:  Melanie Davis 

Humidity ☒ Dry ☐ Moder. ☐ Humid 

 
Onsite Personnel  

Name Company Position Remarks 
Matthew Kapp 
Matthew Cain  
Matthew Sanchez 
Sibert Leslie  

Stantec 
Cascade 
Cascade 
Cascade  

Field Engineer 
Drill Operator  
Drill Hand 
Drill Hand 

  

 

Equipment 
Item Company Op Hrs 

CME 85 Drill Rig Cascade 9 

 

Safety: 

No incidents reported 
 

Activities Summary: 

Stantec and Cascade arrived onsite at 0630. Paperwork, donning, and drill rig warmup were complete at 
approximately 0730. S-2 drilling reconvened at 0730 and was complete at approximately 0800. One SPT drive 
was conducted at SB-2, with 1 sample sleeve kept for laboratory testing. Total Depth of S-2 was 36.5 feet bgs. 
The drill rig was mobilized to S-3 and drilling commenced at approximately 0830, completing at 0915. Total 
depth of S-3 was 20.5 feet bgs, with 6 SPT drives conducted and 6 sample sleeves kept for laboratory testing. 
The drill rig was mobilized to W-1 and drilling commenced at approximately 0945, completing at 1030. Total 
depth of W-1 was 20.5 feet bgs, with 6 SPT drives conducted and 6 sample sleeves kept for laboratory testing. 
The drill rig was mobilized to W-2 and drilling commenced at approximately 1045, completing at 1130. Total 
depth of W-2 was 20.5 feet bgs, with 6 SPT drives conducted and 6 sample sleeves kept for laboratory testing. 
The drill rig was mobilized to W-3 and drilling commenced at approximately 1300, completing at 1345. Total 
depth of W-3 was 20.5 feet bgs, with 6 SPT drives conducted and 6 sample sleeves kept for laboratory testing. 
The drill rig was mobilized to N-1 and drilling commenced at approximately 1430, completing at 1530. Total 
depth of N-1 was 20.5 feet bgs, with 6 SPT drives conducted and 6 sample sleeves kept for laboratory testing. 
After completion of N-1, the drill rig was secured for the night. Cascade and Stantec doffed, screened out, and 
filled out daily exit paperwork. 
 
A total of approximately 107.5 feet were drilled and 31 sample sleeves were kept on this day. 
  
 
 
 

 
 By: M. Kapp Title: Field Engineer 
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 Date Wed, 9/19/2018 

PROJECT:  GRP EP-1 Drilling 
  

JOB NO: 233001304 
Weather ☐ Bright 

Sun 
☐ Sunny ☒ Over- 

cast 
☐ Rain ☐ Snow 

CLIENT: Homestake Mining Co. 
Temp. °F ☐ <32 ☐ 32-50 ☐ 50-70 ☒ 70-85 ☐ 85-

100 
☐ >100 

CONTRACTOR:  Stantec 
Wind ☐ Still ☒ Moder. ☐ High Report No. 

 

3 
PROJECT MANAGER:  Melanie Davis 

Humidity ☒ Dry ☐ Moder. ☐ Humid 

 
Onsite Personnel  

Name Company Position Remarks 
Matthew Kapp 
Matthew Cain  
Matthew Sanchez 
Sibert Leslie  

Stantec 
Cascade 
Cascade 
Cascade  

Field Engineer 
Drill Operator  
Drill Hand 
Drill Hand 

  

 

Equipment 
Item Company Op Hrs 

CME 85 Drill Rig Cascade 9 

 

Safety: 

No incidents reported 
 

Activities Summary: 

Stantec and Cascade arrived onsite at 0630. Paperwork, donning, and drill rig warmup were complete at 
approximately 0730. E-1 drilling started at 0730 and was complete at approximately 0815. Total depth of E-1 
was 20.5 feet bgs, with 6 SPT drives conducted and 6 sample sleeves kept for laboratory testing. The drill rig 
was mobilized to E-2 and drilling commenced at approximately 0830, completing at 0930. Total depth of E-2 was 
31.5 feet bgs, with 8 SPT drives conducted and 9 sample sleeves kept for laboratory testing. The drill rig was 
mobilized to E-3 and drilling commenced at approximately 1000, completing at 1100. Total depth of E-3 was 
20.5 feet bgs, with 6 SPT drives conducted and 6 sample sleeves kept for laboratory testing. After completion of 
E-3, the drill rig and Stantec rental vehicles were cleaned and decontaminated. Vehicles and equipment were 
exit screened by HMC staff. Stantec and Cascade staff completed job/site exit paperwork and bioassays. 
Stantec signed out and left the site at approximately 1430. 
 
A total of approximately 72.5 feet were drilled and 21 sample sleeves were kept on this day. 
  
 
 
 

 
 By: M. Kapp Title: Field Engineer 
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Photo 1. Drilling at borehole W-1 
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