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This report outlines the planned expansion of the disposal cell at the Mt. Taylor Uranium Mine 
facility in Cibola County, New Mexico. The primary aim of this project is to ensure the safe and 
efficient accommodation of additional volume of radioactive and contaminated waste arising from 
the mining activities at the site. The proposed design adheres  to  relevant state and federal 
regulations, including those issued by the U.S. Nuclear Regulatory Commission (NRC), along 
with guidelines provided by the New Mexico Environment Department (NMEND) and the Energy, 
Minerals, and Natural Resources Department. Such regulatory compliance is essential to protect 
human health and the environment. 
 
The technical foundation for disposal cell expansion incorporates several fundamental 
components. Earthwork and grading activities will reshape the site to optimize drainage, limit 
water infiltration, and establish a stable base for the expanded disposal cell. The cover system will 
utilize locally sourced clay borrow materials, as characterized during the January 2025 field 
investigation, to form a low-permeability barrier designed to prevent water ingress and reduce the 
potential for contaminant migration. Additional engineered layers, such as protective topsoil and 
vegetation, will be integrated to bolster erosion resistance, and support the structure’s long-term 
stability. 
 
Erosion control strategies are embedded within the expansion plan to shield the disposal cell from 
degradation caused by wind and water. These measures may include installing riprap or geotextile 
armor in vulnerable areas, constructing stormwater retention ponds, and developing diversion 
channels. The design considers the site's complex stratigraphy, drawing on recent geotechnical 
data to confirm the appropriateness of selected construction materials and containment approaches. 
The choice of cover systems and engineering methods is informed by the unique geological and 
hydrological conditions present at Mt. Taylor, including clay-rich sequences in the Menefee 
Formation and the natural containment properties of the Mancos Shale. 
 
Prepared for Rio Grande Resources (RGR) by Engineering Analytics, Inc. (EA), this report reflects 
a comprehensive assessment of site conditions, regulatory mandates, and findings from recent field 
and laboratory studies. The following sections present detailed engineering analyses, modeling 
outcomes, and implementation recommendations to guide the execution of the proposed 
expansion, while maintaining ongoing compliance and safeguarding local communities and 
environmental resources. 
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 CURRENT SITE CONDITIONS 

 Location and Land Use 
The Mt. Taylor uranium mine is approximately 25 miles northeast of Grants, New Mexico. The 
mine was initially developed by Gulf Mineral Resources (Gulf) in 1971. Figure 2-1 shows the site 
location plan. Following  surface drilling, several ore bodies were identified across a span of over 
seven miles, with estimated reserves totaling 120 million pounds of uranium oxide (Alief and 
Kern, 1989). Two shafts, measuring 24 feet and 14 feet in diameter were constructed to access ore 
deposits located 3,100 to 3,200 feet beneath the surface within the Westwater Canyon Member of 
the Morrison Formation. Figure 2-2 shows the detailed site plan. These shafts employed drill-and-
blast excavation methods and were reinforced with concrete for enhanced safety. In the 1970s, 
wells were installed to extract groundwater for mining operations. 
 
Mining activities commenced in 1980 but ceased in September 1982 due to unfavorable market 
conditions. Ownership transferred to Chevron Resources Company following a merger with Gulf 
in 1985, leading to the resumption of mining from 1986 to 1990 utilizing standard underground 
room-and-pillar techniques. During this period, approximately 675,000 tons of uranium ore and 
about 698,000 tons of waste rock were extracted. 
 
In 1991, Rio Grande Resources Corporation (RGR) acquired the site but did not resume mining 
operations owing to unfavorable market conditions. Beginning in 2019, RGR initiated mine 
closure and land reclamation efforts under the oversight of the New Mexico Environment 
Department (NMEND) and the Energy, Minerals, and Natural Resources Department. Prior to 
closure, surface infrastructure at the site included two shafts, an ore stockpile, a waste rock pile, 
stormwater retention ponds, a sewage treatment plant, an ion exchange facility, eight clay-lined 
treatment ponds, and various ancillary support structures. 
 

 Geology  
The geologic setting of the mine has been described in detail in the Baseline Study prepared by 
New Mexico Environmental Institute (NMEI) in 1974 (NMEI, 1974) and the Site Assessment 
submitted in 1994 (RGR, 1994a). Deposits of Quaternary age rock and soil exposed in the area 
consist of unconsolidated talus, alluvial, and eolian sediments. Extensive areas on the slopes 
adjacent to the high basalt-covered mesas to the south, southwest, and east of the mine are covered 
by talus, landslides, and black lava blocks. Beneath the valleys and lower topographic slopes, clay, 
silt, sand, and gravel alluvial lenses are present (NMEI, 1974). 
 
The deepest geologic formation encountered in the Mount Taylor mine shaft is the Jurassic-age 
Morrison Formation. This formation consists, in ascending order, of the Recapture Creek, 
Westwater Canyon, and Brushy Basin members. The Recapture Creek member occurs at a depth 
between 3,240 and 3,300 feet below ground surface (ft bgs) in the mine shaft pilot well. This 
member grades vertically into the overlying Westwater Canyon member. The transition to the 
Westwater Canyon member marks a change in lithology, and its thickness varies due to lensing 
and vertical gradations into both the Brushy Basin and Recapture Creek members. At the mine 
site, the Westwater Canyon member is divided into Upper and Lower units by a persistent shale 
layer. The lower sandstone unit is 60 to 70 feet thick, while the upper sandstone unit measures 
about 100 feet thick in the mine shaft area. These sandstone units contain most of the uranium ore 
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reserves of mine. Above the Westwater Canyon member, the Brushy Basin member conformably 
overlies and interfingers with it. The Brushy Basin is approximately 80 feet thick and consists of 
shales and claystones at the mine shaft. 
 
Above the ore-bearing Morrison Formation is a sequence of sedimentary units approximately 
2,950 feet thick. The first of these is the Dakota Sandstone, which unconformably overlies the 
Brushy Basin member. The Dakota Sandstone is 50 to 60 feet thick and is only slightly 
mineralized, thus not mined at Mt. Taylor Mine. The Dakota Sandstone conformably intertongues 
with the overlying Mancos Shale. 
 
Next in the stratigraphic sequence is the Mancos Shale, which is 900 feet thick and composed 
chiefly of dark-gray, calcareous, marine clay shale. This unit also contains interspersed sandstone 
beds. The lowermost portion of the Mancos Shale includes three sandstone units known as the 
Upper, Middle, and Lower Tres Hermanos Sandstones, which are 72 feet, 45 feet, and 118 feet 
thick, respectively, at the mine shaft pilot well (McGlothin, 1972). 
 
Continuing upward, the Mancos Shale extends to the base of the Gallup Sandstone at 
approximately 2,050 feet bgs. The Gallup Sandstone consists of two separate sandstone units 
divided by 130 feet of dark gray shale. Overlying the Gallup Sandstone is the Crevasse Canyon 
Formation, which includes, in ascending order, the Dilco Coal, the Stray Sand, the Mulatto Tongue 
of the Mancos Shale, the Dalton Sandstone, and the Gibson Coal. The Point Lookout Formation 
conformably overlies the Crevasse Canyon Formation. 
 
Above the Crevasse Canyon Formation lies the Point Lookout Formation, which is the basal unit 
of the Mesa Verde Group. This formation is typically encountered between 700 and 850 feet bgs 
at the mine site. Near the mine, it is separated into two units by the Satan Tongue of the Mancos 
Shale. The upper unit, referred to as the Point Lookout Sandstone, is the main body and is typically 
110 to 130 feet thick. The lower unit is the Lower Hosta Tongue, a transgressive marine beach 
sandstone that is between 80 and 100 feet thick. Along the southern margin of the basin, both units 
merge into a combined unit approximately 250 feet thick. The Lower Hosta Tongue is of limited 
areal extent, pinching out 30 miles northeast of its outcrop. The Point Lookout Sandstone 
comprises thick- to very thick-bedded, very fine- to medium-grained, locally cross-bedded 
sandstones. Notably, the Point Lookout aquifer provides the domestic water supply for both the 
mine and the Village of San Mateo. 
 
The uppermost geological unit present at the mine is the Menefee Formation. It forms uneven 
slopes around the mine and near the Village of San Mateo. The Menefee Formation is composed 
of interbedded pale yellowish-brown siltstone, fine to medium-grained sandstone, gray shale, 
carbonaceous shale, and thin coal beds. Its thickness in the mine shaft is approximately 767 feet 
(NMEI, 1974). Mine water treatment pond basins were excavated into the Menefee Formation, 
and both the manway/vent and production shafts are collared in this unit. 
 
The stratigraphic complexity at the site affects groundwater flow, material properties, and mine 
closure planning. Aquifers like the Point Lookout Sandstone supply water to the area and are 
separated from deeper systems by low-permeability units such as Crevasse Canyon and Mancos 
Shale, which function as natural barriers against contamination. The Menefee Formation, 
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containing various sediments and coal beds, impacts surface facility stability and provides material 
for disposal cell expansion, with its clay-rich layers important for cover design to limit infiltration 
and erosion. 
 
Accurate geological profiling is vital for selecting construction materials, designing effective 
waste containment strategies, and ensuring regulatory compliance. Upcoming sections will detail 
recent field studies and lab tests that further inform expansion plans. 
 

 Results of January 2025 Field Investigation  
Engineering Analytics excavated 24 test pits and collected samples from three proposed borrow 
sites to assess clay material for disposal cell cover. In January 2025, EA used a CAT backhoe to 
dig the pits (A-1 to A-6, B-1 to B-5, C-1 to C-13), each about 6 feet deep. Figure 2.3 shows the 
test pit locations.  The test pits logs are provided in Appendix A. Subsurface conditions included: 
 
Topsoil:   
The topsoil thicknesses at the site range from 2 inches to 6 inches. The topsoil consists of organics, 
loose sand, and is very dry. 
 
Sand: 
The topsoil is underlain by a sand layer at all the test pit locations except at locations A-6, B-1, B-
2, C-2, and C-8. Silty sand underlies the topsoil at location A-6, sand and gravel at location B-1, 
and clay at location B-2. Sany clay lies beneath the topsoil at C-2 and C-8 test-pit locations. The 
sand layer is loose to very loose, frozen at some locations, dry to moist, and fine in texture. The 
termination depths of the sand layer range from 3 feet to the excavation depth of 6 feet.  
 
Sand and Gravel: 
Sand and gravel layer underlies the topsoil at test pit location B-1. This layer is loose, dry, and 
non-plastic. This layer extends to a depth of three feet at the test pit location. This layer is only 
peculiar to test-pit location B-1. 
 
Silty Sand: 
At test pit location A-6, a silty sand layer underlies the topsoil and extends to a depth of 4 feet. 
This layer is moist, loose, and very fine in texture.  
 
Clay: 
A thin layer of clay underlies the topsoil at test pit location B-2. The clay is stiff, low plastic, and 
moist. The clay layer extends to a depth of one foot and is found frozen during the investigation.  
 
Sandy Clay: 
Sandy clay is present at most test pit sites, except A-3, A-6, B-2, B-3, B-5, and C-12. This material 
is stiff to very stiff, dry, and brittle when frozen, and lies below the sand layer at depths of 3 to 4 
feet, extending to 6 feet. At C-13, there is no sand layer, and at C-4, sandy clay ends at 5 feet 
underlain by sand. The absence of sandy clay at A-3, A-6, B-2, B-3, B-5, and C-12 may be due to 
limited excavation depth. 
 
Siltstone: 
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Siltstone is present beneath the silty sand layer at the test pit location A-6. The siltstone is dry, 
fine, and has fragments of silt. The siltstone extends from a depth of 4 feet to the termination depth 
of the excavation at 6 feet. This is the only location of occurrence from the limited depth of the 
test pit excavation. 
 

 Results of Laboratory Testing for the Site  
 Historical Laboratory Testing 

Engineering Analytics (EA) personnel conducted a review of previous laboratory testing 
associated with the site  and supplemented these efforts with additional laboratory analyses to 
support the disposal cell expansion design. The prior testing referenced includes data from Hydro 
Engineering (2005b), Tetra Tech (2008a, 2008b), and Advanced Terra Testing (2008). Both the 
historical data and the tests performed by EA in 2025 formed the basis for the analysis undertaken 
for the disposal cell expansion design. 
 

 Laboratory Testing Completed in 2025 
Selected material samples from Borrow Sources A, B, and C (see Figure 2.3) underwent laboratory 
testing to determine their physical and geotechnical properties for the disposal cell expansion 
design. Tests included water content, Atterberg limits, standard Proctor compaction, soil water 
characteristics, and consolidated undrained triaxial tests. EA performed and summarized these 
tests below. Test-pit logs and laboratory reports are provided in Appendices A and Appendix B, 
respectively. 
 
Water Content: Measurements of water content and dry density were conducted on selected 
samples in accordance with ASTM test methods D2216 and D2937, respectively. The water 
content of the tested samples ranged from 4.6% to 24.1%. For the clay, silty clay, and sandy clay 
samples, the moisture content ranged from 6.8% to 24.1%, with an average of 11.7%, and a mode 
of 9.7%. 
 
Atterberg Limits: Atterberg limits were determined for selected samples in accordance with 
ASTM test method D4318. These measurements facilitate the classification of soil. Based on the 
Unified Soil Classification System (USCS), a total of forty-eight (48) samples were analyzed: nine 
(9) were identified as non-plastic (NP), twenty-nine (29) as low plasticity clay (CL), two (2) as 
high plasticity clay (CH), three (3) as low plasticity silt (ML), and five (5) as low plasticity clay 
or silt (CL-ML). Discrepancies between field descriptions and laboratory classifications, observed 
in approximately 50% of cases, may be attributed to the frozen condition of the samples during 
field collection, which could have obscured soil fineness. 
 
Standard Proctor Compaction Tests: Eight Standard Proctor Compaction Tests were conducted 
following ASTM test method D698. For the clay, silty clay, and sandy clay samples, maximum 
dry density ranged from 89.8 to 110.4 pcf, with optimum moisture content (OMC) varying between 
16.1% and 26.6%. Sand soil specimens exhibited maximum dry densities from 111.1 to 117.6 pcf, 
with corresponding OMC values ranging from 12.2% to 15%. 
 
Consolidated Undrained (CU) Triaxial Tests: EA performed two CU triaxial tests with pore 
pressure measurements per ASTM D4767 at its certified lab. This method assesses strength and 
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stress-strain properties of saturated cohesive soil specimens by isotropic consolidation followed 
by undrained axial compression at a constant strain rate, allowing calculation of total and effective 
stresses from measured axial load, deformation, and pore-water pressure. The tests results on 
remolded clay samples showed an average effective friction angle of 31o with zero effective 
cohesion. 
 

  Seismicity 
EA conducted a seismic hazard analysis for Rio Grande Resources (RGR) pertaining to the Mt. 
Taylor Uranium Mine in New Mexico. The objective was to determine peak horizontal ground 
acceleration (PGA) for stability assessments, specifically focusing on a 10,000-year return period. 
The site is located within the Colorado Plateau, which exhibits structural stability, though it is 
proximate to tectonically active regions including the Rio Grande Rift and the Jemez Lineament. 
The local geology comprises Quaternary alluvium overlying the Cretaceous Menefee Formation. 
Seismicity at the site is considered low and influenced by regional tectonics rather than active 
volcanism. 
 
The assessment incorporated a review of historical earthquakes within 300 kilometers of the 
facility, with detailed analysis of events within 100 kilometers. The historical record, spanning 
1568 to 2025, indicates low seismic activity, with only a few moderate events occurring near the 
site. The largest recorded earthquake had a magnitude of 5.9 and was situated approximately 160 
km away, while the nearest significant event (Mw 4.08) occurred 13 km from the facility. 
 
Both deterministic and probabilistic analyses were performed. The deterministic approach 
identified a maximum PGA of 0.09g from a hypothetical random earthquake (MCE 6.3) located 
15.1 km from the site. The probabilistic analysis, accounting for uncertainties and recurrence 
intervals, calculated a mean PGA of 0.21g for the 10,000-year return period. These results are 
consistent with, but slightly lower than those provided by the USGS Earthquake Hazard Toolbox 
and are recommended for engineering stability assessments at the mine. Based on this value, a 
pseudostatic seismic coefficient equal to two-thirds of the PGA (0.14g) was applied in seismic 
evaluations of the disposal cell. Appendix C presents the results of the seismic hazard analysis. 
 
In conclusion, the seismic hazard at Mt. Taylor Mine is assessed as relatively low, with background 
seismicity representing the primary risk as opposed to nearby fault activity. The findings are 
supported by the best available data and methodologies; however, revisions may be warranted 
should added information emerge. 
 

 Climate 
Mount Taylor Mine is located on the southwestern slope of Mount Taylor within the Colorado 
Plateau—a region characterized by rugged mesas and volcanic terrain situated at elevations 
surpassing 7,000 feet. This high-altitude environment contributes to unique climatic conditions 
that influence both natural ecosystems and engineered mining operations. 
 
The area exhibits a cold semi-arid (BSk) climate, with warm summers and cold winters. Summer 
is distinguished by notable monsoonal activity, resulting in most annual precipitation occurring 
between July and September. These storms, though vary in intensity, deliver critical moisture for 
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local ecological systems. Winters are typically cold yet dry, with average snowfall amounting to 
approximately 7.5 inches per year. The region experiences significant diurnal and seasonal 
temperature fluctuations, leading to swift transitions between daytime warmth and nocturnal 
coolness, particularly during transitional periods. 
 
Annual precipitation averages between 10 and 15 inches, primarily due to the summer monsoon; 
however, precipitation levels display substantial interannual variability, including extended dry 
intervals punctuated by intense, short-duration storm events. Such variability directly impacts 
surface runoff, groundwater recharge, and the performance of engineered cover systems. 
According to data from the Western Regional Climate Center, the mean annual pan evaporation is 
63 inches; when adjusted with a coefficient of 1.3, the corresponding natural evaporation rate rises 
to 81.9 inches per year. Elevated evaporation rates—driven by strong solar radiation and low 
humidity—further constrain water availability and affect soil moisture levels essential for 
vegetation establishment and reclamation activities. 
 
The site’s mean annual temperature is 52°F, with extreme lows recorded at 15.6°F in winter and 
highs reaching up to 89.7°F during summer months. Substantial temperature fluctuations on a daily 
and seasonal basis impact freeze-thaw cycles, soil stability, and the structural integrity of 
engineered solutions. These thermal extremes also shape the physiological limitations and spatial 
distributions of indigenous plant and animal communities. 
 
Prevailing winds are moderate but can become pronounced during weather fronts and storm 
events, thereby increasing evaporation rates and affecting microclimatic conditions throughout the 
mine property. Wind-induced desiccation reduces soil moisture retention and may intensify 
erosion risks, especially on exposed slopes and engineered covers. Additionally, wind patterns 
influence seed dispersal and particulate transport, which bear upon site revegetation and air quality 
management. 
 
Vegetation across the site is sparse and dominated by drought-resistant species. Piñon-juniper 
woodlands occupy mid-elevations; grasslands and shrublands are present on lower slopes and 
plateaus, while coniferous forests are found at higher elevations. Limited precipitation and high 
evaporation restrict riparian corridor development, confining such zones to stream channels where 
willow and cottonwood thrive. Local fauna is well-adapted to these challenging conditions, 
comprising species such as mule deer, elk, pronghorn, coyote, jackrabbit, raptors, songbirds, and 
various reptiles and amphibians. These animals exhibit adaptations related to water conservation, 
thermal regulation, and seasonal migration according to resource dynamics. 
 
Mount Taylor Mine's climate is marked by fluctuating precipitation, temperature extremes, high 
evaporation, and moderate winds affect environmental management and compliance. Cover 
systems must prevent moisture loss, handle freeze-thaw cycles, and resist erosion. Effective 
restoration depends on using vegetation suited to semi-arid conditions. Understanding these factors 
is essential for successful long-term containment and ecological recovery.   
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 DESIGN CRITERIA 

Disposal cells for uranium mill tailings must meet several regulatory standards: 
 

• The Uranium Mill Tailings Radiation Control Act (UMTRCA) requires secure, long-term 
containment and environmental protection. 

• EPA Standards (40 CFR Part 192) mandate that covers remain effective for 1,000 years 
where feasible, and at least 200 years in all cases, limiting radon emissions and 
groundwater pollution. 

• NRC Requirements (10 CFR Part 40, Appendix A) set technical guidelines for building, 
operating, and closing uranium waste disposal sites, including specifications for tailings 
impoundments and covers. 

 
The disposal cell is designed to contain and isolate uranium waste, current methods use an 
engineered multi-layer cover. A radon barrier of sufficient thickness is placed directly above the 
uranium waste to restrict radon release to 20 pCi/m²/s and reduce water infiltration. Above this, a 
specially designed cover system that minimizes both water penetration and erosion, resists animal 
burrowing, and is thick enough to withstand frost is placed. 
 
For rock covers, a filter or bedding layer is put on top of the radon barrier under the erosion-
protection (riprap) layer. This filter stops rocks from penetrating the radon barrier, aids drainage, 
and reduces water entry into the tailings. Filter criteria for uranium tailings caps are commonly 
based on Sherard et al. (1984), which link filter design to the fine content (% < No. 200 sieve) of 
various soils. 
 
DOE (1988) expanded Sherard’s criteria with these additions: 
 

• Filter material should pass a 3-in. (76.2-mm) sieve to avoid particle segregation and 
bridging during installation; smaller maximum sizes may be used if needed. Filters 
should not have over 5% passing the No. 200 mesh sieve to prevent excess fine 
movement within the filter. 

• Filter material needs to be well graded throughout. 
• Filters for gap-graded bases may need finer grading than Sherard’s basic criteria suggest. 
• The minimum thickness of the filter should be 6 in. (152.4 mm) to aid placement. 

 
The rock layer's thickness must be no less than the spherical diameter of the upper limit D100 rock, 
or at least 1.5 times the diameter of the upper limit D50 rock, whichever is larger. Using Sherard’s 
filter design creates a stable, erosion-resistant cover to protect tailings, but recent field data shows 
slow drainage, especially on flat slopes (S < 5%). Water can persist and infiltrate the radon barrier 
and tailings, raising risks to groundwater. 
 
Recommendations for the cover system include adding a thick, fine-grained soil layer for water 
storage over a coarse capillary break to hinder downward water flow—mimicking natural 
conservation and decreasing infiltration. The erosion control layer should prevent slumping and 
subsidence and can incorporate rock armor, vegetation, and careful gradation. 
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The New Mexico Copper Rule (N.M. Code R. § 20.6.7.33) outlines specific cover thickness 
requirements for the closure of copper mine facilities, summarized as follows: 
 

• Upon closure, waste rock piles, leach stockpiles, tailing impoundments, and other units 
with potential for leachate generation must be covered using a store-and-release earthen 
cover system. 

• The required cover must consist of 36 inches (3 feet) of earthen material suitable for 
sustaining vegetation without ongoing supplementation and featuring erosion-resistant 
properties. 

• The system should minimize net percolation by retaining at least 95% of long-term 
average winter precipitation or 35% of long-term average summer precipitation, 
whichever is higher. 

• Erosion rates should be comparable to those found on stable slopes in the surrounding 
landscape. 

 
Cover thickness may be reduced when placed over lined units, or if an alternative design offers 
equivalent or improved groundwater protection. Such alternatives necessitate a robust modeling 
study, an appropriate performance monitoring plan, and independent third-party review.  
 
While the Copper Rule pertains specifically to copper mining operations, EA intends to integrate 
selected elements into locations with a planned vegetative cover. 
 
Minimal infiltration and absence of ponding atop the cover are essential, so surface water 
management is required, such as diversion channels, berms, and proper grading. Site selection and 
cell design must reduce groundwater contamination risk, using liners or natural low-permeability 
soils where suitable. 
 
Proper compaction of waste and cover materials is necessary to avoid settlement and maintain 
structure. Quality control procedures (like moisture-density tests) are performed during 
construction. Slope stability and the integrity of the cover must be checked regularly to ensure 
long-lasting performance. Designs must allow for monitoring and addressing subsidence or 
deformation over time, and all elements should be chosen for long-term chemical and physical 
stability suitable for local conditions. Finally, the cell must remain accessible for periodic 
inspection, maintenance, and environmental monitoring. 
 
In addition to regulatory compliance and engineering controls, site-specific environmental 
conditions must be considered when designing disposal cell covers. Factors such as local climate, 
soil characteristics, topography, and hydrology play a critical role in determining the effectiveness 
and durability of the cover system. For example, regions with high evaporation rates or pronounced 
freeze-thaw cycles may require thicker protective layers and specialized materials to minimize 
moisture loss, prevent frost penetration, and ensure vegetation establishment. Furthermore, 
ongoing monitoring of climatic variables and cover performance allows for adaptive management, 
ensuring that the disposal cell remains secure and environmentally protective over the long term. 
Integrating these environmental considerations into the engineering design helps to safeguard 
groundwater resources, support ecological recovery, and achieve sustainable reclamation goals 
tailored to the specific challenges of each site. 
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 EXPANDED DISPOSAL CELL DESIGN 

 General 
Reclamation of the waste rock and associated clean up material  is organized into two distinct 
phases, each designed to promote structural stability, effective drainage, and long-term 
environmental protection.  
 
The integrated disposal cell cover is purposefully engineered to address key factors such as frost 
penetration, radon attenuation, biointrusion, infiltration, and erosion protection, as detailed in 
Sections 4.3 through 4.11. This multi-layered system begins with a 12-inch rock mulch layer that 
provides robust erosion control, followed by 42 inches of onsite soils designed to defend against 
biointrusion and frost. Beneath this, a 12-inch sand filter serves as a capillary break to impede 
moisture movement, while the lowermost 12-inch compacted clay layer is specifically intended to 
minimize both water infiltration and the emanation of radon gas. Together, these layers work in 
concert to ensure long-term effectiveness and environmental safety of the disposal cell cover. 
 
Cover performance has been validated against regulatory limits, with radon flux consistently below 
NRC requirements (20pCi/m²/s), and frost penetration analyses confirming adequate protection. 
 
 
 
The reclamation and cover system adheres to multiple regulatory requirements and technical 
guidelines, including 10 CFR 61.56 for structural stability, DOE and NRC criteria for cover 
system performance, and selected aspects of the New Mexico Copper Rule (N.M. Code R. § 
20.6.7.33) for vegetative cover and percolation control. These standards govern material selection, 
layer thickness, erosion resistance, and groundwater protection. Compliance is ensured through 
robust modeling, performance monitoring, and independent review as outlined throughout the 
referenced sections. 
 

 Description of Cover 
After filling and grading, the expanded disposal cell cover will be placed over the waste material. 
The final cover system will consist of the following layers from top to bottom: 
  

• 12 inches of rock mulch cover for erosion protection 
• 42 inches of onsite soil for bio intrusion and frost protection 
• 12 inches of sand filter layer for capillary break; and 
• 12 inches of clay layer to minimize infiltration and emanation of radon gas. 

 
A schematic of the cover is illustrated in Figure 4-1. Analyses for the cover design are summarized 
in the following sections. 
 

 Frost Penetration Analysis 
EA evaluated frost penetration depth into the expanded disposal cell cover, as explained in 
Appendix D. Using a method developed by the U.S. Department of Energy (DOE, 1989) and 
endorsed by the Nuclear Regulatory Commission, the analysis considered local climate, soil type, 



Mt. Taylor Mine 
Expanded Disposal Cell Design 

Rio Grande Resources. 

 

 
 

and moisture levels over the lifetime of the cover. The approach, based on Berggren’s work (1943), 
uses site-specific calculations to estimate frost depth. Smith and Rager (2002) advanced these ideas 
to determine the required thickness of protective soil above compacted layers to shield against 
frost. 
 
For this study, EA assessed the worst-case climate scenario, a 200-year recurrence interval event 
with only a 0.5% chance of occurring annually. Under these extreme conditions, frost was 
predicted to penetrate up to 45 inches into the cover. The design provides 66 inches of material 
above the radon barrier, ensuring that unusually harsh frost cannot reach the barrier, thereby 
protecting it from cracking, infiltration, and structural damage. 
 
To reinforce these findings, EA analyzed the thermal characteristics of the cover materials, such 
as specific heat and thermal conductivity, along with expected winter moisture content. A thick 
layer of local soil and rock mulch adds insulation and slows down cold penetration.  
 
The cover was designed to minimize frost heave, a problem that happens when water in soil 
freezes, expands, and may harm structures. Materials were selected for their resistance to frost 
heave, considering grain size and compaction criteria. Regular inspections will detect surface 
changes or cracks caused by frost, so repairs can be made quickly when necessary. 
 
In summary, the frost penetration assessment shows that the expanded disposal cell cover is 
carefully designed to weather severe cold, ensuring lasting protection for stored waste and meeting 
environmental and safety regulations. 
 

 Radon Attenuation 
EA modelled Radon-226 emanation from the upper surface of the proposed expanded disposal cell 
cover. The radon attenuation assessment evaluated the cover design, apart from the rock mulch 
component. 
 
Modeling results indicate that the planned cover system effectively reduces radon emanation rates 
to below 11 pCi/m at the surface of the radon barrier, which is lower than the NRC regulatory limit 
of (20 pCi/m²/s. A comprehensive discussion and detailed modeling outcomes are presented in 
Appendix E. 
 
To optimize radon attenuation, the final cover consists of a 12-inch compacted clay layer 
engineered specifically to restrict infiltration and radon gas migration. This clay layer serves as a 
robust physical and chemical barrier, impeding the upward movement of radon produced by the 
radioactive decay of radium-226 in underlying waste materials. Clay was selected for its inherently 
low permeability and high sorption capacity—key characteristics essential for minimizing gas 
transport. 
 
Additionally, the cover design includes 42 inches of onsite soils placed above 12 inches of filter 
sand layer, acting as capillary break, underlain by the clay layer, enhancing protection against 
biointrusion and frost. These additional layers safeguard the integrity of the clay barrier by 
mitigating root penetration and lowering the likelihood of desiccation or cracking, which could 
otherwise reduce the effectiveness of radon attenuation. 
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Radon attenuation modeling incorporated site-specific variables, such as soil types, moisture 
levels, and climate data, to simulate realistic conditions over the anticipated operational lifespan 
of the disposal cell. Advanced numerical models were employed to estimate radon flux through 
the cover system, accounting for both diffusion processes and seasonal variations in temperature 
and moisture content. Findings confirm that this multi-layered cover system consistently achieves 
substantial reductions in radon flux, reliably meeting all regulatory requirements, even under 
adverse conditions. 
 
Sensitivity analysis revealed that radon flux through the cover system depends on factors such as 
cover thickness, soil moisture, and soil diffusion coefficients. Moist soil slows down effective 
diffusion coefficients of the soil, thereby limiting its migration through the cover. In contrast, dry 
fine soils may develop cracks that increase permeability and result in higher radon exhalation from 
waste. The model’s results are also affected by diffusion coefficients, of which lower values restrict 
radon movement within the soil. Additionally, increasing the thickness of the soil cover helps to 
reduce the overall flux through the cover system. 
 
As part of long-term stewardship, routine monitoring of the cover’s physical properties and radon 
flux will be carried out. Should monitoring reveal increased radon flux, cracking, or changes to 
the surface condition, immediate maintenance actions will be implemented to sustain compliance 
with safety standards. 
 
In conclusion, the expanded disposal cell cover combines compacted clay and protective soil layers 
to provide effective radon attenuation. Modeling affirms that the system maintains radon flux well 
below regulatory limits, thereby ensuring environmental safety and compliance with NRC 
standards. This comprehensive design, supported by ongoing monitoring and maintenance, assures 
long-term environmental protection. 
 

 Biointrusion 
Engineered barrier systems for waste containment were designed to meet NRC (10 CFR Part 61), 
EPA (40 CFR Part 192), and New Mexico Environment Department (NMED) standards. NRC 
rules require barriers to stop plant and animal intrusion for up to 1,000 years and ensure site 
stability. EPA mandates cover systems to last at least 1,000 years where possible, but no less than 
200 years, with controls on radon emissions and groundwater pollution. NMED closure plans 
demand final covers that reduce environmental harm like erosion and groundwater contamination, 
with technical criteria for infiltration and erosion control. These combined regulations create 
strong, multi-layered protection against environmental risks, using both physical and biological 
measures to safeguard public health and ecosystems over time. At a minimum, cover system 
includes: 
 

• Low-permeability soil barrier: Typically, compacted clay or equivalent, with a saturated 
hydraulic conductivity ≤ 1 × 10⁻⁵ cm/sec, as required by NMED and EPA standards. 

• Rock armor (riprap): Placed above the soil barrier to resist erosion, animal burrowing, 
and root penetration. Beneath the riprap, a filter or bedding layer is installed to prevent 
rock intrusion into the barrier and facilitate drainage. 
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• Vegetative layer: A minimum of six inches of earthen material capable of sustaining 
native plant growth, providing additional erosion control and evapotranspiration benefits. 

 
Table 4.1 summarizes design measures to address ecological threats. Cedar Creek Associates, Inc. 
(Cedar Creek, 2023) evaluated biointrusion risks from plants and burrowing animals for the facility 
cover performance. Their technical memo found limited risk of animal or insect biointrusion. 
Without vegetation to provide habitat and food, insects and animals are unlikely to occupy the 
cover. 
 
Continuous monitoring and adaptive management will further ensure that the engineered cover 
system maintains its integrity and effectiveness in the face of changing environmental conditions. 
 
Table 4.1 Highlight of design measures against ecological threats in the cover design 

Ecological Threat Potential Impact Design Measures in Disposal Cell 
Deep-rooted vegetation Root penetration can create 

water infiltration paths 
- Thick protective soil layer 
 - Low-permeability barrier 
 - Vegetation control during closure 

Burrowing mammals Disturbance of engineered 
layers, increased erosion 

- Rock armor on surface 
 - Compacted soil layers 
 - Monitoring for animal activity 

Insects and small fauna Micro-tunneling may 
compromise cover integrity 

- Dense soil compaction 
 - Use of fine-grained material to 
deter tunneling 

Climate variability Freeze-thaw cycles and 
drought stress can weaken 
cover 

- Frost penetration analysis 
 - Settlement monitoring 
 - Adaptive maintenance plan 

Long-term settlement Creates cracks and voids for 
intrusion 

- Multi-layer design with redundancy 
 - Periodic inspection and repair 
protocols 

 
 Infiltration Analysis 

 General 
Analyses were performed to calculate infiltration rates on the surface of the expanded disposal cell 
for use in the seepage modeling to evaluate the infiltration at the bottom of the final cover. The 
actual boundary condition for the surface of the final cover is the climatological conditions. To 
simulate the climatological surface conditions in the SEEP/W model (GEO-SLOPE, 2023), a net 
flux was determined by modeling a representative 2-D column and then applying that net flux as 
the boundary conditions. 
 

 Method of Analysis 
EA performed infiltration analyses using SEEP/W (GEO-SLOPE, 2023), a finite-element 
analytical tool designed to model the movement and distribution of pore water within porous 
media. SEEP/W simulates both saturated and unsaturated flow in response to atmospheric 
conditions, facilitating comprehensive seepage analyses over time. The model considers 
infiltration, precipitation, surface water runoff and ponding, plant transpiration, and actual 
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evaporation, all of which are essential considerations in cover system design. Accurate seepage 
modeling requires input parameters such as temperature, relative humidity, wind speed, albedo, 
rainfall, material properties, and hydraulic conductivity. 
 
A two-dimensional model was employed to evaluate infiltration through the lower boundary of 
the cover system. The model profile is illustrated in Figure 4-2. Transient analysis was conducted 
using synthetic climate data spanning one thousand years to assess percolation rates, precipitation, 
surface water runoff, and evapotranspiration.  
 

 Parameters Used for Analysis 
 Climate Data Used for Analysis 

For the infiltration and water balance analyses, comprehensive daily climate data sets were 
utilized, including precipitation, evaporation, minimum and maximum temperatures, relative 
humidity, and average wind speed. These parameters are essential for accurately modeling 
hydrologic processes, affecting the cover system over time. The primary source of historical 
climate data was the National Oceanic and Atmospheric Administration (NOAA) weather stations, 
with records spanning a 50-year period from 1975 to 2025 for Grants, New Mexico. This extensive 
period provides a robust basis for simulating long-term climate variability and assessing its impact 
on the facility.  
 
The town of Rice Park, New Mexico, located approximately 33 miles from the facility, served as 
the primary source of historical weather data. Rice Park was selected due to its proximity, which 
minimizes climatic discrepancies between the monitoring station and the facility. Additionally, 
Rice Park offers a comprehensive suite of meteorological records, including temperature, relative 
humidity, and average daily wind speed, which are critical input parameters for the SEEP/W 
infiltration modeling. This station's data provided reliable long-term trends and seasonal 
fluctuations necessary for detailed analysis of cover system performance. 
 
In situations where data gaps or inconsistencies were present in the Rice Park dataset, alternative 
sources were consulted to ensure continuity and completeness of the climate record. The city of 
Grand Junction, Colorado, approximately 150 miles from the facility and with a 300-foot elevation 
difference, was selected as an alternative due to its extensive 75-year weather record. This station 
supplied temperature, relative humidity, and precipitation data when Rice Park data was 
unavailable. Similarly, the city of Page, Arizona, located 68 miles from the facility and 130 feet 
different in elevation, provided supplementary data with a 51-year record including temperature, 
relative humidity, average daily wind speed, and precipitation. These alternative sources ensured 
that the climate dataset used for modeling was both comprehensive and reflective of regional 
conditions. 
 
To enable robust long-term simulations, a synthetic 1,000-year meteorological time series was 
created using the ClimGen program, developed by Washington State University. ClimGen 
generates realistic meteorological data by parameterizing and extrapolating from historical daily 
weather records. The synthetic data set incorporated the historical variability and range observed 
in the primary and supplementary data sources, allowing for analysis of cover system performance 
under a wide spectrum of potential future climate scenarios.  
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The climate data used in the modeling is considered conservative, reflecting trends identified by 
the Intergovernmental Panel on Climate Change (IPCC, 2023), which indicates a general warming 
and drying trajectory for the region. These trends were factored into the analysis to ensure that 
estimates of percolation and other hydrological processes do not underestimate potential impacts 
over the facility’s operational lifetime. 
 

 Soil Properties 
The design and long-term performance of the expanded disposal cell at Mt. Taylor Mine depend 
heavily on the selection and characterization of locally sourced soils. These soils are engineered 
to function as barriers against water infiltration, radon gas migration, biointrusion, and erosion. 
Field investigations conducted in January 2025 involved excavating 24 test pits across three 
borrow sites, revealing several distinct soil horizons.  
 
The soil parameters for the materials used in the analyses are summarized in Table 4.2. Most of 
the parameters were obtained from the laboratory testing results provided by EA as discussed in 
Section 2.4.2. The remaining parameters were estimated based on typical values for the respective 
material types from technical literature. 
 
Table 4.2 Summary of soil properties used for numerical analyses. 
 
Name Thickness 

(inch) 
Unit 
Weight 
(pcf) 

Effective 
Friction Angle 
(o) 

Porosity Specific 
Gravity 

Compression 
Index 

Rock Mulch 12 115 35 0.37 2.59   
Pediment 
Soil 

42 110 25 0.37 2.59   

Sand Filter 12 95 33 0.41 2.63   
Clay 12 120 24 0.36 2.5 0.12 
Interim Sand  18 107 33 0.41 2.63   
Mine Waste 704 102 25 0.48 2.5  

 
 
The soil water characteristic curves (SWCCs) for the rock mulch, pediment layer, sand layer, and 
interim cover were estimated using SEEP/W (GEO-SLOPE, 2023). The grain size distribution and 
porosity data obtained from the laboratory testing by EA, for the cover materials, were used in the 
estimation. The SWCC for the sandstone layer was estimated using the Fredlund-Xing Function 
incorporating curve fit parameters (a, n, and m) and porosity based on the Tetra Tech Design 
Report (2008b). The SWCC for the clay layer was constructed based on laboratory testing results. 
The SWCC for the tailing slurry was obtained from the Tetra Tech Design Report (2008b).  
 
The hydraulic conductivity (K) functions for the materials, except for the compacted clay in the 
liner system, were estimated using the Fredlund-Xing Huang method in the SEEP/W program. The 
compacted clay in the liner system was assumed to be saturated. 

Boundary Conditions 
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A steady-state model was used to set up the initial conditions for the infiltration analyses. The 
boundary conditions in the steady state assumed zero flux boundaries. This is a common practice 
in modeling to have initial values when performing a transient analysis. Ideally, in situ measured 
parameters in the field can be used as initial parameters but in the absence of such data, using 
steady state output to setup initial conditions for transient analyses is a common practice for 
seepage modeling.  
 
For the 1,000-year transient model, the climate data discussed in Section 4.6.3.1 were used as an 
upper boundary condition at the ground surface. A unit gradient boundary condition was specified 
at the bottom boundary of the sandstone foundation. This boundary simulated the deep boundary 
condition where the groundwater table was located far away, preventing it from disturbing the 
upper model. The pore water pressure distribution obtained from the steady-state model was used 
as the initial conditions of the transient model.  
 

 Results of Infiltration Analysis 
The model results indicate that the mean annual percolation value through the cover system is 0.45 
inches/year or 7.4% of the mean annual precipitation value. Caldwell et al. (2022) studied the ratio 
of percolation to precipitation at various Uranium Mill Tailings Radiation Control Act (UMTRCA) 
sites. They concluded that the ratio of percolation to precipitation ranges from 0 to 26%, with a 
mean value of 7%. Consequently, the ratio of percolation to precipitation of 7.4% determined for 
the Facility is reasonable compared to other sites presented in Caldwell et al. (2022). The selected 
results of infiltration analysis are presented in Appendix F. 
  

 Settlement Analysis 
 General 

The settlement of the compacted disposal cell will be computed at the time of placement of the 
material.   Prior to construction, representative samples of the waste will be collected and remolded 
to 95% of the standard Proctor dry density and tested for consolidation/swell under wetting 
conditions.   This data will be used to confirm that enough camber has been placed on the top of 
the water to facilitate surface drainage.  Tanks or other vessels that could collapse overtime will 
be flow filled to limit potential future settlement.   
 
 

 Slope Stability Analysis 
 General 

To assess the global stability of the disposal cell after placement of the final cover system . The 
evaluation relied on assumed waste properties to calculate the factor of safety against major shear 
failure in the embankment.  During final design and construction strength testing of the remodel 
waste placed in the disposal cell will be completed.   
 

 Method of Analysis 
EA performed limit equilibrium global stability analyses using the Morgenstern-Price method 
(Morgenstern-Price, 1965), implemented in the computer program SLOPE/W (GEO-SLOPE 
International, Ltd. 2021). The analysis utilized the section shown in Figure 4-3. EA conducted 
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both static stability and pseudo-static seismic stability assessments. The target factor of safety 
(FOS) for static global stability was set at 1.5, following NRC (1989) guidelines. For pseudo-static 
global stability, EA selected a target FOS of 1.1, also based on NRC (1989). Each scenario and 
condition included analyses of both rotational (circular) and wedge (block) failure mechanisms. 
 
Section 2.5 describes the probabilistic seismic hazard analysis for the Facility, which indicates a 
peak ground acceleration (PGA) of 0.21g for a 10,000-year return period. This corresponds to a 
9.5% probability of exceedance within the 1,000-year design life of TSF. EA applied a horizontal 
coefficient of two-thirds the PGA, or 0.14, for the pseudo-static analyses. 
 

 Material Properties 
Soil properties used in the stability analyses were consistent with those obtained from laboratory 
testing or assumed values as presented in  in these stability analyses are included in Table 4.2. 
 

 Results of Analysis 
Results of the slope stability analyses indicate minimum factors of safety greater than 2 for static 
conditions and greater than 1.1 for pseudo-static conditions which exceed the minimum criteria 
established by the NRC (1989). The results of the slope stability analyses are shown in Figures 4.4 
and 4.5. 
 

 Surface Water Hydrology and Erosion Protection 
The reclaimed surface will be protected from water and wind erosion through a combination of 
offsite runoff diversion and rock mulch surface facing, discussed separately below. 
 

 Rock Mulch Cover 
The expanded disposal cell cover will be sloped at 20% and will incorporate a 1-foot-thick top 
layer of rock mulch, consisting of rock/soil admixture. The admixture design consists of 30 percent 
AASHTO No. 1 gravel and 70 percent onsite pediment material. T 
 

 Grading 
The final reclamation plan involves grading the final cover to 20% slope. The analyses in the 
preceding sections informed the design and thickness specifications for the final cover system. 
 
For the sand layers, including the 18-inch interim cover, adjustments after primary consolidation 
settlement, and the 12-inch final cover; approximately 240,200 cubic yards of fill will be required. 
In summary, the total estimated quantity of clay, pediment, sand, and rock necessary for all 
reclamation activities amounts to 849,500 cubic yards of fill material. 

 Borrow Source Location and Characterization 
The disposal cell cover system will consist of (from bottom to top) interim cover, clay (radon 
barrier), sand (capillary break), pediment layer (biointrusion and frost protection), and a rock 
mulch layer (erosion protection). Rock will also be required for the riprap and bedding within the 
diversion channel. The proposed cover system is shown in Figure 4.1. This section discusses the 
location and characterization of the borrow source areas for the proposed cover materials.  
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 Borrow Source Locations 
The EA site investigation showed that the clay for the radon barrier, filter sand, and the pediment 
soils is procurable from the site. Figure 2-2 includes the locations of the potential burrow sources 
at the site. 
 

 Borrow Source Characterization  
 Clay Borrow Source 

The field investigation of the clay borrow source, conducted by EA, included excavation of 24 test 
pits as discussed in Section 2.3. The test pit locations are shown on Figure 2.3, and the test pit logs 
are included in Appendix A. EA encountered clay and silty clay/clayey silt, sandy clay, sand, sand, 
sandstone in the test pits.  
 

 Sand Borrow Source 
A borrow source for the pediment and sand soil exists at the Facility as shown on Figure 4-6. As 
discussed in Section 2.4.2, samples of the sand borrow sources were collected for laboratory 
testing. The laboratory test results are included in Appendix B.  
 

 Rock Mulch Borrow Source 
The rock mulch cover layer for the cover design will be locally sourced. The material will comprise 
30% AASHTO No. 1 gravel and 70% sandy soil. The source rock for the mixture may be imported 
to the site if locally sourced alternative is not found. NUREG-1623 provides specific criteria for 
the use of sandstone in reclamation applications. These include requirements for fine-grained 
quartz cementation, low porosity, insignificant vertical or horizontal joints and fractures, and 
sourcing from massive bedding formations. Prior to final design a borrow source for the rock will 
be identified and tested.  
 

 Borrow Source Quantities 
EA has estimated the required volumes of borrow source for each material type. The proposed 
borrow sources are included in Figure 4-6.  
 
Figure 4.6 shows the potential borrow sources. It is calculated that approximately 274,300 and 
240,200 cubic yards of pediment and sand, respectively, are required for reclamation. 270,000 
cubic yards of rock are required to complete the reclamation, which consists of 20,500 cubic yards 
of rock mulch for the final cover and 9,700 cubic yards of rock fill for the tailings regrading. 
Additionally, 18,800 cubic yards of rock are required for the diversion channel riprap and bedding, 
52,000 cubic yards of rock are required for the north area grading, and 169,000 cubic yards of rock 
are required for the South Dam slope grading. 314,000 cubic yards of rock will be excavated within 
the east grading area and north channel as part of the diversion channel construction, which is more 
than the 270,000 cubic yards of rock required. 
 
In total, between the clay borrow source and the onsite borrow locations for sand, pediment, and 
rock, the required material for closure is available. A 
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 Revegetation of Disturbed Areas 
 Seedbed Preparation 

Revegetation of the expanded disposal cell cover will employ various methods depending on the 
steepness of the slope. The cover will be revegetated using standard mine reclamation equipment 
such as tracked and wheeled tractors, rangeland seed drills, and common mulch spreaders. In areas 
that may have slopes steeper than 3H:1V, a mixture of manual and mechanical application 
techniques will be used, including broadcasting seed by hand, or chain seeding.  Revegetation of 
the disposal cell will be completed in agreement with the plan presented in the Closeout/Closure 
Pan (EA, 2025) 
 

 Material Placement 
Materials and structures determined to have no salvageable value, or those requiring permanent 
containment due to contamination, will be transported to the expanded disposal cell at the Mount 
Taylor uranium mine in accordance with federal and state regulatory requirements, including the 
Surface Mining Control and Reclamation Act (SMCRA, 30 CFR §816.116) and EPA guidelines 
for uranium mill tailings (40 CFR Part 192 Subpart D). This category encompasses contaminated 
soils, facility debris, and dismantled equipment. All materials will be placed within the disposal 
cell using controlled, engineered lifts to ensure effective isolation, long-term structural stability, 
and compliance with applicable geotechnical standards.  EA understands that there are soils on site 
that are contaminated with petroleum products.  Prior to placement in the disposal cell those soils 
maybe be land-farmed to remove the contamination or additional analyses will be completed to 
confirm that they are compatible with the cell design and State regulations for placement in the 
disposal cell.  During excavation the soil will be placed on an impervious surface (i.e. concrete 
pad or liner system).   

All equipment and structural materials designated for disposal shall be conveyed to disposal cell l 
following procedures specifically developed for uranium mine reclamation and consistent with 
ASTM D1557 (Modified Proctor) compaction standards and site-specific geotechnical protocols. 
The placement of these materials will be governed by the following steps: 
 

• Materials will be cut or dismantled into manageable sections to facilitate safe handling 
and minimize the creation of voids within the disposal cell, thereby reducing the risk of 
future subsidence, as recommended by geotechnical guidance for engineered landfill 
covers and stabilization designs. (See NUREG-1623 and NUREG/CR-4620 for 
methodologies. 

• Compressible debris will be staged in approved areas and compacted using heavy 
equipment such as backhoes, front-end loaders, or tracked crawlers, in accordance with 
site safety, environmental protocols, and ASTM D1557 requirements. 

• Pipes or conduits with openings greater than 12 inches that cannot be crushed will be 
filled with clean earthen materials prior to placement, eliminating internal voids and 
enhancing overall stability as outlined in landfill cover design standards. 
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• Tanks and vessels will be crushed or dismantled whenever feasible. If this is not possible, 
tanks will be filled with suitable earthen material and buried in the South Cell to ensure 
proper containment and void elimination. 

Compaction requirements for the disposal cell are as follows: 
 

• All materials, including contaminated soils and debris, must be placed in controlled lifts 
not exceeding 12 inches in thickness prior to compaction. Each lift shall be compacted 
using heavy equipment (such as vibratory rollers, compactors, or tracked dozers) until a 
minimum of 90% of the maximum dry density is achieved, as determined by ASTM 
D1557 (Modified Proctor) or applicable site-specific geotechnical standards. (Refer to 
ASTM D1557 and NUREG-1623.) 

• Compaction will be verified through field density testing at a minimum frequency of one 
test per 2,500 square feet per lift, or as otherwise directed by project geotechnical 
requirements. 

• Areas failing to meet the specified compaction standard shall be reworked and retested 
until full compliance is achieved, following quality assurance protocols outlined in 
technical guidance documents. 

• Special attention will be given to void-prone materials, such as pipes and tanks, ensuring 
that fill used to eliminate voids is compacted to the same specification as the surrounding 
fill material. 

• The entire compaction process will be overseen and documented by qualified personnel, 
with all records maintained to ensure regulatory compliance and quality assurance, in line 
with EPA, NRC, and SMCRA requirements. 

Contaminated soils generated from facility operations will be co-disposed with structural debris in 
the disposal cell , following protocols designed to: 

1. Establish a compacted and stable working surface above disposed materials, facilitating 
safe operation of construction equipment and preventing tire damage, as recommended 
by landfill and tailings stabilization standards. (See NUREG/CR-4620 and EPA 40 CFR 
Part 192. 

2. Provide interim cover over disposed materials to minimize exposure to air and 
precipitation, thereby reducing the risk of contaminant migration, consistent with EPA 
and NRC guidelines. 

3. Mitigate void spaces and prevent future settlement by alternating lifts of fill and disposed 
materials, thoroughly compacted with multiple passes of heavy equipment in accordance 
with the specified compaction requirements for the South Cell. 

 

Throughout all phases of material placement, best management practices for dust control will be 
strictly implemented to safeguard worker health and minimize the release of fugitive dust, in full 
compliance with regulatory standards applicable to uranium mine reclamation, including those set 
forth by the EPA and state agencies. 
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 CONCLUSIONS 

The expanded disposal cell cover design at Mt. Taylor Mine demonstrates a comprehensive, multi-
layered approach to long-term containment and environmental protection. The system integrates a 
12-inch rock mulch layer for erosion resistance, 42 inches of onsite soil for biointrusion and frost 
protection, a 12-inch sand filter as a capillary break, and a 12-inch compacted clay layer engineered 
to minimize infiltration and radon gas migration. This configuration not only meets but exceeds 
regulatory requirements set by the NRC, EPA, and New Mexico Environment Department, 
ensuring that radon flux remains well below permissible limits and that the cover is robust against 
climatic extremes, settlement, and ecological threats. 

The design is grounded in extensive site-specific investigations, including field sampling, 
laboratory testing, and advanced modeling. Analyses of infiltration, settlement, frost penetration, 
and slope stability confirm that the cover system will perform reliably under both typical and 
extreme conditions. The use of locally sourced materials, validated through geotechnical testing, 
ensures compatibility with the site’s unique geological and climatic context. Ongoing monitoring 
and adaptive management protocols are embedded in the plan to address any unforeseen changes 
in cover performance, thereby supporting regulatory compliance and long-term stewardship. 

 

The Mt. Taylor disposal cell cover is a carefully engineered system that combines best practices, 
regulatory compliance, and site-specific solutions to ensure long-term containment of 
contaminants, promote revegetation, and protect human health and the environment.  

 

 REFERENCES 

Aldrich, H.P. and Paynter, H.M. (1953). Analytical studies of freezing and thawing of soils. 
First interim report, U.S. Army Corps of Engineers, New England Division, Arctic 
Construction and Frost Effects Laboratory (ACFEL). Technical Report 42. 

Alief, M. H., & Kern, R. A. (1989). Geology of Mt. Taylor uranium mine, Grants, New Mexico. AAPG 
Bulletin, 73(9), 1146. 

Berggren, W.P., (1943). Prediction of Temperature Distribution in Frozen soils. Trans. Am. 
  Geophys. Union. 

Caldwell, T.G., Tabatabai, S., Huntington, J.M., Davies, G.E., & Fuhrmann, M. (2022). 
Evapotranspiration Covers at Uranium Mill Tailings Sites. Vadose Zone Journal, 21, 
e2022.  

U.S. Departments of Army and Air Force. (1988). Arctic and Subarctic Construction 
Calculation Methods for Determination of Depths of Freeze and Thaw in Soils, First 
Interim Report. Army TM 5-852-6, Air Force AFR 88-19, Vol. 6. 



Mt. Taylor Mine 
Expanded Disposal Cell Design 

Rio Grande Resources. 

 

 
 

Engineering Analytics, Inc. (2025) Closeout/Closure Plan, Mt. Taylor Mine, Existing Mine 
Permit No. C1002RE, Discharge Permit, Dated October 15.  

Environmental Protection Agency (EPA). (2018). 40 CFR Part 192 Subpart D. 

Geo-Slope International Ltd. (GEO-SLOPE). (2021). GeoStudio-SLOPE/W. Calgary, Alberta, 
Canada. 

Geo-Slope International Ltd. (GEO-SLOPE). (2023). GeoStudio-SEEP/W. Calgary, Alberta, 
Canada.   

Intergovernmental Panel on Climate Change (IPCC) (2023). Climate Change 2023, Synthesis 
Report for the Sixth Assessment Report on Climate Change. March. 

Lambe, T.W. and R.V. Whitman. (1969). Soil Mechanics. John Wiley & Sons, New York. 

Lee, K.L. and C.K. Shen. (1969). Horizontal Movements related to Subsidence. Journal of Soil 
Mechanics and Foundation Division, ASCE Volume 95. January. 

Modified Berggren Formula (MBF). (1968). U.S. Army Cold Regions Research and Engineering 
Laboratory, CRREL Special Report SR 122. October. 

Morgenstern, N.R. and Price, V.E. (1965) The Analysis of The Stability of General Slip Surfaces. 
Geotechnique, 15, 79-93. 

Morrison-Knudsen Environmental Corporation. (1993). UMTRA-Naturita, Embankment 
Design, Settlement Analysis and Cracking Potential Evaluation. Calc. No. 17-740-02-
01. May. 

Nelson, R., Castellvi. F., Ndlovu L.S., Campell, G.S., & Stockle, C.O., (2023), ClimGen Version  
4.4.0. Washington State University.  

Nelson, J.D., Abt, S.R., Volpe, R.L., van Zyl, D., Hinkle, N.E., and Staub, W.P. (1986). 
Methodologies for evaluating long-term stabilization designs of uranium mill tailings 
impoundments. NUREG/CR-4620 ORNL/TM-10067. 

Paster, T.P. Ph.D. (2002). Petrographic Analyses of Andesite and Sandstone to be Used as Erosion 
Protection for a Reclaimed Uranium Tailings Facility. August 19. 

Smith, G. E. and Rager, R. E. (2002). Protective Layer Design in Landfill Covers Based on 
Frost Penetration. ASCE J. Geotechnical/Geoenvironmental Engineering, 128:9, 
794-799. 

T.L. Johnson (2002). Design of Erosion Protection for Long-Term Stabilization Final Report. 
NUREG-1623. 



Mt. Taylor Mine 
Expanded Disposal Cell Design 

Rio Grande Resources. 

 

 
 

U.S. Department of Energy (U.S. DOE). (1989). Technical Approach Document, Revision II, 
Uranium Mill Tailings Remedial Action Project, UMTRA-DOE/AL 050425.0002, 
Albuquerque, New Mexico. 

U.S. Department of Defense (U.S. DOD). (2022). Unified Facilities Criteria (UFC) Soil 
Mechanics (DM 7.1). UFS 3-220-10. February 1.  

U.S. Nuclear Regulatory Commission (NRC). (1989). Calculation of Radon Flux Attenuation 
by Earthen Uranium Mill Tailings Covers, Regulatory Guide 3.64. 

U.S. Nuclear Regulatory Commission (NRC). (2002). NUREG-1623, Design of Erosion 
protection for long term stabilization. August. 

U.S. Nuclear Regulatory Commission (NRC). (2003). NUREG-1620, Standard review plan for the 
review of a reclamation plan for mill tailings sites under title II of the uranium mill tailings 
radiation control act of 1978. June. 

U.S. Nuclear Regulatory Commission (NRC). (2008). Regulatory Guide 3.11, design construction, 
and inspection of embankment retention systems at uranium recovery facilities. November. 

U.S. Nuclear Regulatory Commission (NRC). (2011). Engineered Covers for Water Containment: 
Changes in Engineering Properties and Implications for Long-Term Performance 
Assessment. NUREG/CR-7028. December. 

U.S. Nuclear Regulatory Commission (NRC). (2013). 10 CFR Part 192 – Health and 
Environmental protection standards for uranium and thorium mill tailings. 

U.S. Nuclear Regulatory Commission (NRC). (2020). 10 CFR Part 40 – Domestic licensing source 
material, https://www.nrc.gov/reading-rm/doc-collections/cfr/part040/. (Accessed 2023).  

U.S. Nuclear Regulatory Commission (NRC). (2020). 10 CFR Appendix A to Part 40 – Criteria 
Relating to the Operation of Uranium Mills and Disposition of Tailings or Wastes 
Produced by the Extraction or Concentration of Source Material From Ores Processed 
Primarily for Their Source Material Content, https://www.nrc.gov/reading-rm/doc-
collections/cfr/part040/part040-appa.html. (Accessed 2023). 

U.S. Nuclear Regulatory Commission (NRC). (1982). 10 CFR Part 61.56 – Waste Characteristics 
https://www.nrc.gov/reading-rm/doc-collections/cfr/part061/full-text.html#part061-0056 
(Accessed 2024). 

U.S. Nuclear Regulatory Commission (NRC). (2021). Appendix A to Part 100—Seismic and 
Geologic Siting Criteria for Nuclear Power Plants, https://www.nrc.gov/reading-rm/doc-
collections/cfr/part100/part100-appa.html. (Accessed 2023). 

U.S. Nuclear Regulatory Commission (NRC). (2022). Evaluation of In-Service Radon Barriers 
over Uranium Mill Tailings Disposal Facilities. NUREG/CR-7288. March. 

https://www.nrc.gov/reading-rm/doc-collections/cfr/part040/
https://www.nrc.gov/reading-rm/doc-collections/cfr/part040/part040-appa.html
https://www.nrc.gov/reading-rm/doc-collections/cfr/part040/part040-appa.html
https://www.nrc.gov/reading-rm/doc-collections/cfr/part061/full-text.html#part061-0056


Mt. Taylor Mine 
Expanded Disposal Cell Design 

Rio Grande Resources. 

 

 
 

U.S. Nuclear Regulatory Commission (NRC). (2023). 10 CFR 20 – Standards for Protection 
Against Radiation, April 14. 

Western Regional Climate Center (2023). Evaporation Stations. 
https://wrcc.dri.edu/Climate/comp_table_show.php?stype=pan_evap_avg 

https://wrcc.dri.edu/Climate/comp_table_show.php?stype=pan_evap_avg


 

 
 

 

 
 
 
 
 

FIGURES 





AutoCAD SHX Text
T:\111360 Mt. Taylor\Site Existing.dwg  SAVED:11/25/25  PRINTED:11/25/25  SAVED:11/25/25  PRINTED:11/25/2511/25/25  PRINTED:11/25/25  PRINTED:11/25/2511/25/25



72
60 72

80

73
00

7320

73
40

72
40

72
70

72
50

7290

POND 4

POND 5

PONDS 6&7

POND 2

POND 3 POND 1

ORE PAD

POND 8

BORROW
AREA "C"

UNDISTURBED AREA

CIBOLA CO.

McKINLEY CO.

M
IN

E R
D

.

SAN
 M

ATEO
M

AIN
 STR

EET

BORROW AREA "B"

UNDISTURBED
AREA

SUBSTATION

Marquez

Arroyo
7350

7400

7450 7500

7450

A-5

A-6A-3

A-2

A-4

A-1

B-5B-3
B-2

B-4
B-1

C-5
C-3

C-2

C-4

C-1

C-7

C-6

C-8

C-9
C-10

C-12

C-11

C-13

BORROW AREA "A"

Project No.  111360 November 2025

FIGURE 2-3
TEST PIT LOCATION MAP

MT. TAYLOR MINE

Engineering Analytics, Inc.

NORTH

SCALE IN FEET

0 300'

MINE SITE AREA

ROADWAY

FENCE

EXISTING TOPOGRAPHY

DRAINAGE PATHWAYS

LEGEND:

TEST PIT LOCATION

AutoCAD SHX Text
T:\111360 Mt. Taylor\Boring Locations.dwg  SAVED:11/21/25  PRINTED:11/25/25  SAVED:11/21/25  PRINTED:11/25/2511/21/25  PRINTED:11/25/25  PRINTED:11/25/2511/25/25





AutoCAD SHX Text
T:\111360 Mt. Taylor\Expanded Slope calcs.dwg  SAVED:11/25/25  PRINTED:11/25/25  SAVED:11/25/25  PRINTED:11/25/2511/25/25  PRINTED:11/25/25  PRINTED:11/25/2511/25/25



AutoCAD SHX Text
T:\111360 Mt. Taylor\Site Expanded Stability.dwg  SAVED:11/25/25  PRINTED:11/25/25  SAVED:11/25/25  PRINTED:11/25/2511/25/25  PRINTED:11/25/25  PRINTED:11/25/2511/25/25



AutoCAD SHX Text
T:\111360 Mt. Taylor\Expanded Slope calcs.dwg  SAVED:11/25/25  PRINTED:11/25/25  SAVED:11/25/25  PRINTED:11/25/2511/25/25  PRINTED:11/25/25  PRINTED:11/25/2511/25/25



AutoCAD SHX Text
T:\111360 Mt. Taylor\Expanded Slope calcs.dwg  SAVED:11/25/25  PRINTED:11/25/25  SAVED:11/25/25  PRINTED:11/25/2511/25/25  PRINTED:11/25/25  PRINTED:11/25/2511/25/25



AutoCAD SHX Text
T:\111360 Mt. Taylor\Site Existing.dwg  SAVED:8/21/25  PRINTED:11/25/25  SAVED:8/21/25  PRINTED:11/25/258/21/25  PRINTED:11/25/25  PRINTED:11/25/2511/25/25


	1.0 INTRODUCTION
	2.0 Current Site Conditions
	2.1 Location and Land Use
	2.2 Geology
	2.3 Results of January 2025 Field Investigation
	2.4 Results of Laboratory Testing for the Site
	2.4.1 Historical Laboratory Testing
	2.4.2 Laboratory Testing Completed in 2025

	2.5  Seismicity
	2.6 Climate

	3.0 Design Criteria
	4.0 Expanded Disposal Cell Design
	4.1 General
	4.2 Description of Cover
	4.3 Frost Penetration Analysis
	4.4 Radon Attenuation
	4.5 Biointrusion
	4.6 Infiltration Analysis
	4.6.1 General
	4.6.2 Method of Analysis
	4.6.3 Parameters Used for Analysis
	4.6.3.1 Climate Data Used for Analysis
	4.6.3.2 Soil Properties
	Boundary Conditions

	4.6.4 Results of Infiltration Analysis

	4.7 Settlement Analysis
	4.7.1 General

	4.8 Slope Stability Analysis
	4.8.1 General
	4.8.2 Method of Analysis
	4.8.3 Material Properties
	4.8.4 Results of Analysis

	4.9 Surface Water Hydrology and Erosion Protection
	4.9.1 Rock Mulch Cover

	4.10 Grading
	4.11 Borrow Source Location and Characterization
	4.11.1 Borrow Source Locations
	4.11.2 Borrow Source Characterization
	4.11.2.1 Clay Borrow Source
	4.11.2.2 Sand Borrow Source
	4.11.2.3 Rock Mulch Borrow Source


	4.12 Borrow Source Quantities
	4.13 Revegetation of Disturbed Areas
	4.13.1 Seedbed Preparation

	4.14 Material Placement

	5.0 Conclusions
	6.0 references
	Figure 2-2 USGS Location.pdf
	Sheets and Views
	2-2 Existing


	Figure 2-3 Test Pits.pdf
	Sheets and Views
	2-3 TP


	Figure 4-2 Profile.pdf
	Sheets and Views
	4-2 Profile


	Figure 4-3 Stability XS.pdf
	Sheets and Views
	4-3 Stability XS


	Figure 4-4 Cross Sections.pdf
	Sheets and Views
	4-4 XS


	Figure 4-5 Cross Sections.pdf
	Sheets and Views
	4-5 XS


	Figure 4-6 Borrow Area.pdf
	Sheets and Views
	4-6 Borrow





