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1.0 INTRODUCTION 
Lea Land LLC (the Facility) is an existing Surface Waste Management Facility (SWMF) providing oil 

field waste solids (OFWS) disposal services. The existing Lea Land SWMF is subject to regulation 

under the New Mexico Oil and Gas Rules, specifically 19.15.9.711 and 19.15.36 NMAC, administered 

by the Oil Conservation Division (OCD) of the NM Energy, Minerals, and Natural Resources 

Department (NMEMNRD). This document is a component of the “Application for Permit Modification” 

that proposes continued operations of the existing approved waste disposal unit; lateral and vertical 

expansion of the landfill via the construction of new double-lined cells; and the addition of waste 

processing capabilities. The proposed Facility is designed in compliance with 19.15.36 NMAC, and 

will be constructed and operated in compliance with a Surface Waste Management Facility Permit 

issued by the OCD. The Facility is owned by, and will be constructed and operated by, Lea Land LLC. 

 
The Lea Land SWMF is one of the most recently designed facilities to meet the new more stringent 

standards that, for instance, mandate double liners and leak detection for land disposal.  The new 

services that Lea Land will provide needed resources to fill an existing void in the market for 

technologies that exceed current OCD requirements. 

 
1.1 Purpose 
This section provides compliance demonstrations for the Siting Criteria for Surface Waste 

Management Facilities specified in the NM Oil and Gas Rules, 19.15.36.13.A-C NMAC.  These 

requirements include depth to groundwater; and proximity of watercourse, floodplains, wetlands, 

mines, residences/institutions, and unstable areas.  The Lea Land site meets the Siting Requirements 

applicable to a Surface Waste Management Facility (i.e., 19.15.36.13.A-C NMAC).   

 
1.2 Site Location 
The Lea Land site is located approximately 27 miles northeast of Carlsbad, straddling US Highway 

62-180 (Highway 62) in Lea County, NM.  The Lea Land site is comprised of a 642-acre ± tract of land 

encompassing Section 32, Township 20 South, Range 32 East, Lea County, NM (Figure IV.1.1).  Site 

access is currently provided on the south side of US Highway 62.  The coordinates for the approximate 

center of the Lea Land site are Latitude 32°31’46.77” and Longitude -103°47’18.25”. 
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1.3 Facility Description 
The Lea Land SWMF comprises approximately 463 ± acres of the 642-acre ± site, and will include 

two main components: an oil field waste Processing Area and an oil field waste solids Landfill, as 

well as related infrastructure (i.e., access, waste receiving, stormwater management, etc.).  Oil field 

wastes are delivered to the Lea Land SWMF from oil and gas exploration and production operations 

in southeastern NM and west Texas.  The Site Plan provided as Figure IV.1.2 identify the locations 

of the Processing Area and Landfill Disposal facilities, which are further detailed on the Permit 
Plans (Volume III.1).  The proposed facilities are detailed in Table II.1.2 (Volume II.1), and are 

anticipated to be developed in four primary phases as described in Table II.1.3 (Volume II.1). 

 
 
2.0 SITING CRITERIA FOR SURFACE WASTE MANAGEMENT FACILITIES 
In order to re-confirm the suitability of the proposed Lea Land site for a Surface Waste Management 

Facility, an evaluation with respect to each of the Siting Requirements detailed in 19.15.36.13.A-C 

NMAC was performed and is presented herein.  Based upon available information, the proposed 

Lea Land site satisfies the size restriction and each of the eight siting criteria.  Following is a detailed 

description of the Lea Land Site’s compliance with the siting criteria.  Each siting criterion is defined, 

applied and discussed individually.  The following sections provide the regulatory citation for each 

criterion in bold, followed by a narrative response.  In most cases, a Figure or study is referenced 

to demonstrate compliance with applicable standard(s). 

 
2.1 Depth to Groundwater 
No landfill shall be located where ground water is less than 100 feet below the lowest elevation 
of the design depth at which the operator will place oil field waste. (19.15.36.13.A(1) NMAC) 
 
No other surface waste management facility shall be located where ground water is less than 
50 feet below the lowest elevation at which the operator will place oil field waste. 
(19.15.36.13.A(5) NMAC) 
 
The Oil and Gas Rules define ground water as “interstitial water that occurs in saturated earth material 

and is capable of entering a well in sufficient amounts to be used as a water supply” per 

19.15.2.7.G(10) NMAC.  The maximum distance from the ground surface to the floor of the waste 

(i.e., cell basegrades) is 50 feet (ft) ±, i.e., landfill excavation extends 50 ft ± below ground surface 

(bgs).  Therefore, for the purposes of this analysis, the minimum acceptable depth to groundwater is 

150 ft bgs. 

 



Lea Land LLC Surface Waste Management Facility 
Application for Permit Modification 

Volume IV:  Siting and Hydrogeology 
Section 1:  Siting Criteria 

June 2019 
 

Gordon/PSC IV.1-3 01041618 
 

As described in Volume IV.2 (Hydrogeology), saturation in shale beds in the Permian Dewey Lake 

Redbeds is the shallowest saturation beneath the Lea Land site.  Information obtained from five 

groundwater monitoring wells at the Lea Land SWMF was used to determine the depth and character 

of shallow saturation zones at the Facility. Figure IV.1.3 provides the potentiometric surface of water-

bearing zones in the Dewey Lake Redbeds using available historic water level data from the above 

referenced wells. 

 
A Local Hydrogeologic Cross Section through the Lea Land site is presented as Figure IV.1.4.  As 

shown in Figure IV.1.4, the top of the Dewey Lake Redbeds at the Lea Land site is 50 ft bgs ±, and 

the shallowest saturated zones at site are present in zones ranging between 123 ft and 148 ft beneath 

the top of the Dewey Lake Redbeds at depths ranging between 173 ft to 198 ft bgs ±.  The depth from 

the cell base grades (i.e., a maximum depth 50 ft bgs ±) to the top of the saturated zones in the Dewey 

Lake Redbeds is estimated to be between 122 ft and 149 ft.   

 
In summary, information obtained from on-site borings that were advanced by air rotary drilling at the 

Lea Land site (Volume IV.2) provide adequate demonstration that the minimum depth to the 

shallowest saturated zone on the property approaches 200 ft bgs; and is more than 100 ft below 

projected landfill base grade levels.  Therefore, the depth to saturation is greater than 100 ft below 

the lowest elevation of the design depth at which the operator will place oil field waste in the landfill, 

and greater than 50 ft below the processing area.  Additionally, saturation zones penetrated by 

monitoring wells at the site do not produce enough water to be used as a water supply, therefore, 

water saturation in these zones does not meet the definition of “groundwater” as defined in 

19.15.2.7.G(10) NMAC. 

 
2.2 Watercourse, Lakebed, Sinkhole, or Playa Lake 
No surface waste management facility shall be located:  within 200 feet of a watercourse, 
lakebed, sinkhole or playa lake. (19.15.36.13.B(1) NMAC)   
 
The Oil and Gas Rules specifically define watercourses and playa lakes as follows: 

“Watercourse” means a river, creek, arroyo, canyon, draw or wash or other channel having 
definite banks and bed with visible evidence of the occasional flow of water.  
(19.15.2.7.W(4) NMAC) 

 
“Playa lake” means a level or nearly level area that occupies the lowest part of a completely 
closed basin and that is covered with water at irregular intervals, forming a temporary lake.  
(19.15.2.7.P(4) NMAC)   
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Figure IV.1.5 is a United States Geological Survey 7.5-minute topographic map (contour interval 

10 ft) that shows detailed terrain within one mile of the Lea Land SWMF. This map indicates that no 

watercourses are present within two hundred feet of the Lea Land SWMF.  On-site photo 

documentation of the site can be found in Attachment IV.1.C (On-site Sheet Flow).  Two ephemeral 

washes are present on the Livingston Ridge escarpment approximately one half mile southwest of 

the Lea Land SWMF.  Drainage at the facility is northwest and surface grade is less than 5 feet per 

mile.  A small closed depression comprising approximately 8 acres is present in the northeast corner 

of the Lea Land property.  This feature is less than two feet in depth and does not appear to contain 

water; however, an area within the depression of approximately one-half acre has been excavated 

to promote stormwater capture.  Another shallow closed depression comprising approximately 52 

acres is located approximately 4,000 feet northwest of the Lea Land property.  This depression is 

less than five feet deep and does not appear to contain ephemeral pooled water as a playa lake.  

Laguna Toston is a playa lake of approximately 713 acres and is located approximately 1950 feet 

northeast of the Lea Land SWMF.  Laguna Toston receives brine from potash milling operations at 

the Intrepid mine and contains hypersaline water. 

 
Figure IV.1.6 shows that the Lea Land SWMF is not located within 200 feet of a watercourse, 

lakebed, sinkhole or playa lake, as those terms are defined by the Oil and Gas Rules.  The June 4, 

2015 United States Environmental Protection Agency (USEPA) National Pollutant Discharge 

Elimination System (NPDES) Multi-Sector General Permit (MSGP) regulations authorize 

stormwater discharges from certain industrial facilities (including landfills) to “waters of the United 

States” (WOTUS).  Facilities that have the potential for stormwater discharges to WOTUS are 

required to obtain coverage under the 2015 MSGP through submission of a Notice of Intent (NOI) 

and development and implementation of a Stormwater Pollution Prevention Plan (SWPPP).  In 

accordance with the Oil Pollution Prevention regulation at 40 CFR Part 112, the USEPA requires 

non-transportation-related facilities (including landfills) to develop and implement a Spill Prevention, 

Control, and Countermeasures (SPCC) Plan if the facility “could reasonably be expected to 

discharge oil in quantities that may be harmful into navigable WOTUS”.  The following evaluation of 

the potential to discharge to WOTUS has been performed to determine the applicability of both the 

MSGP and SPCC regulations for the Lea Land SWMF.   
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As shown on Figure IV.1.6, the Lea Land SWMF is located within a catchment encompassing 

approximately 45 square miles (115.65 km2) of the Upper Pecos-Black Watershed (Hydrologic Unit 

Code (HUC) 13060011).  The direction of local surface drainage in the vicinity of the Facility is to 

the north-northwest (NNW) toward the Williams Sink (Assessment Unit (AU) ID NM9000.B_109).  

The Williams Sink, located within the catchment approximately 3 miles NNW of the site, is a natural 

subsidence and deflation basin feature, and is the closest “receiving water” to the Facility.   

 
The most recent USEPA Watershed Report (i.e., 2016) is included in Attachment IV.1.A (obtained 

through USEPA’s online WATERS GeoViewer watershed delineation tool) for the area surrounding 

the Facility specifies that the 45-mi2 catchment is a “sink catchment with no outflow, and that its 

catchment and watershed are the same”.  The Watershed Report characterizes the surficial 

lithology within the catchment and watershed as consisting of eolian and coarse-textured (sand 

dunes) soils with a mean permeability of 19.59 cm/hr (i.e., 5.4 X 10-3 cm/s).  Potential sheet flows 

from the site would need to traverse approximately 3 miles of relatively flat terrain (~0.5 %) 

consisting of these highly pervious soils prior to reaching the Williams Sink.   

 
The 2018-2020 State of New Mexico Clean Water Act Section 303(d)/Section 305(b) Integrated 

Report, Appendix A 303(d)/305(b) List identifies one of the uses for the Williams Sink as livestock 

watering (LW).  However, the Integrated Report (Attachment IV.1.B) also states that “potash 

activities have led to hypersaline conditions which likely make livestock watering not attainable or 

existing”.  To-date, water quality standards (WQS) for the Williams Sink have not been assessed 

by NMED Surface Water Quality Bureau, and the US Army Corps of Engineers (USACE) has not 

rendered either a preliminary or an approved jurisdictional determination (PJD or AJD) for WOTUS 

applicability.  The evaluation presented above shows that MSGP coverage is not required for the 

Lea Land SWMF; and the SPCC regulations do not apply to the site. 

 
No lakebeds or sinkholes have been observed by Gordon/PSC on the Lea Land SWMF.  The 

depressional feature located in the northeastern corner of the Lea Land site (Figure IV.1.5) has 

been excavated mechanically to serve as a cattle tank.  The Lea Land SWMF is not located within 

200 ft of any off-site playa lakes. 
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2.3 Wellhead Protection Area; 100-Year Floodplain 
No surface waste management facility shall be located:  within an existing wellhead protection 
area or 100-year floodplain. (19.15.36.13.B(2) NMAC) 
 
The Oil and Gas Rules specifically define wellhead protection areas as follows: 

“Wellhead protection area” means the area within 200 horizontal feet of a private, domestic 
fresh water well or spring used by less than five households for domestic or stock watering 
purposes or within 1000 horizontal feet of any other fresh water well or spring. Wellhead 
protection areas does not include areas around water wells drilled after an existing oil or 
gas waste storage, treatment or disposal site was established.  (19.15.2.7.W(8) NMAC) 

 
In addition, fresh water is defined as follows: 

“Fresh water” to be protected includes the water in lakes and playas (regardless of 
quality, unless the water exceeds 10,000 mg/l TDS and it can be shown that degradation 
of the particular water body will not adversely affect hydrologically connected fresh 
ground water), the surface waters of streams regardless of the water quality within a 
given reach, and underground waters containing 10,000 mg/l or less of TDS except for 
which, after notice and hearing, it is found there is no present or reasonably foreseeable 
beneficial use that contamination of such waters would impair.  (19.15.2.7.F(3) NMAC) 

 
The New Mexico Office of the State Engineer (OSE) manages a database, the New Mexico Water 

Rights Reporting System (NMWRRS), which relates to wells and water rights.  Based on NMWRRS 

data, the closest well is a “domestic one household” well (CP-368) located approximately 6626 ft 

west of the Lea Land site (Figure IV.1.7).  The OSE Well Record for this well indicates that the well 

was drilled in 1966, was a dry hole and was not cased.  Therefore, the Lea Land SWMF is not 

located within 200 ft of an existing wellhead protection area.   

 
A review of potential floodplains was conducted.  Flood Insurance Rate Maps are not available from 

the Federal Emergency Management Agency (FEMA) for this area.  The Lea County Floodplain 

Coordinator was also contacted to inquire about the presence of mapped flood areas near the Lea 

Land SWMF.  Lea County maintains no flood mapping in the vicinity of the Lea Land SWMF.  Field 

reconnaissance of the Lea Land SWMF was conducted by Gordon/PSC personnel on February 25, 

2018 to identify evidence of flooding or ponding on the property.  No evidence of flood inundation 

was noted on the site, or in adjacent upgradient or downgradient areas near the facility.  There are 

no apparent “rivers” or “streams” that would result in floodplain issues in the vicinity of the Lea Land 

site.  Based on the field survey and communications with the Lea County Floodplain Coordinator, 

the Lea Land site is not located within a 100-year floodplain.   
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2.4 Wetlands 
No surface waste management facility shall be located:  within, or within 500 feet of, a wetland. 
(19.15.36.13.B(3) NMAC) 
 
The Oil and Gas Rules specifically define wetlands as follows: 

“Wetlands” means those areas that are inundated or saturated by surface or ground water 
at a frequency and duration sufficient to support, and under normal circumstances do 
support, a prevalence of vegetation typically adapted for life in saturated soil conditions in 
New Mexico. This definition does not include constructed wetlands used for wastewater 
treatment purposes. (19.15.2.7.W(9) NMAC) 

 
The Lea Land SWMF area was evaluated for the presences of wetland indicators (i.e., hydrophytic 

vegetation, hydric soil, and wetland hydrology).  The National Wetlands Inventory (NWI) identifies 

the depressional feature in the northeastern corner of the Lea Land site as an “intermittently flooded 

palustrine wetland” (Figure IV.1.8).  This depressional feature is shallow, estimated to be less than 

5 ft deep.  The feature has been excavated and basal soils have been disrupted and removed.  

Inspection of the depressional feature during the site reconnaissance performed by Gordon/PSC 

personnel on February 25, 2019 indicated that no hydric soils or aquatic adapted vegetation are 

present.  Therefore, the depressional feature does not qualify as a wetland, as defined in the Oil 

and Gas Rules [19.15.2.7.W(9) NMAC]. 

 
2.5 Subsurface Mines 
No surface waste management facility shall be located:  within the area overlying a subsurface 
mine. (19.15.36.13.B(4) NMAC) 
 
The applicable section of the current NM Energy Minerals and Natural Resources Department 

(EMNRD) Mines, Mills and Quarries in New Mexico Map is provided as Figure IV.1.9.  The closest 

mining operation is a potash mine and mill operated by Intrepid Potash Company, located in Eddy 

County and approximately 6100 feet south of the Lea Land Site.  Therefore, the Lea Land SWMF 

is not located within an area overlying an existing subsurface mine.   

 
Numerous underground potash mine works are present in the vicinity of the Lea Land SWMF.  The 

Bureau of Land Management (BLM) owns the surface and mineral rights to much of the land in the 

eastern Eddy County and western Lea County and administers permitting for exploration and 

extraction of minerals on BLM land.  Oil and gas exploration, development and production, along 

with underground potash mining, is ongoing in the vicinity of Lea Land.  The BLM manages risks 

that oil and gas well drilling could pose to underground mine works by maintaining detailed maps of 

underground potash mine works and prohibiting drilling within safe setback distances to the existing 
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underground mine works.   Map coverage obtained from BLM showing locations of existing 

underground mine works in the vicinity of the Lea Land site are shown on Figure IV.1.10.  This map 

indicates that the nearest underground mine works to the Lea Land SWMF are located 

approximately 1350 feet west of the facility.  The Intrepid Potash mine located to the east and south 

of the Facility does lease subsurface mineral rights from the Bureau of Land Management under a 

portion of the Lea Land site, where potential mineral resources are situated over 1,200 below 

ground surface. 

 
2.6 Land Use Setbacks 
No surface waste management facility shall be located:  within 500 feet from the nearest 
permanent residence, school, hospital, institution or church in existence at the time of initial 
application. (19.15.36.13.B(5) NMAC)   
 
Examination of land use surrounding the Facility, including a site reconnaissance and an aerial 

photo review (Figure IV.1.11), indicate that there are no permanent residences, schools, hospitals, 

institutions, or churches within 500 ft of the Lea Land site.  No permanent structures are present 

within 500 ft of the Lea Land site, and there is no apparent trend for development of residential, 

institutional, or educational facilities in the general vicinity of the proposed Facility.   

 
2.7 Unstable Areas 
No surface waste management facility shall be located:  within an unstable area, unless the 
operator demonstrates that engineering measures have been incorporated into the surface 
waste management facility design to ensure that the surface waste management facility’s 
integrity will not be compromised.  (19.15.36.13.B(6) NMAC) 
 
The Oil and Gas Rules specifically define unstable area as follows: 

“Unstable area” means a location that is susceptible to natural or human-induced events 
or forces capable of impairing the integrity of some or all of a division-approved facility’s 
structural components.  Examples of unstable areas are areas of poor foundation 
conditions, areas susceptible to mass earth movements and karst terrain areas where 
karst topography is developed as a result of dissolution of limestone, dolomite, or other 
soluble rock.  Characteristic physiographic features of karst terrain include sinkholes, 
sinking streams, caves, large springs or blind alleys.  (19.15.2.7.U(6) NMAC) 

 
This section addresses regulatory requirements for defining site characteristics related to earth 

stability at the proposed facility.   

  



Lea Land LLC Surface Waste Management Facility 
Application for Permit Modification 

Volume IV:  Siting and Hydrogeology 
Section 1:  Siting Criteria 

June 2019 
 

Gordon/PSC IV.1-9 01041618 
 

 
2.7.1 Karst Potential 

Gordon/PSC performed the following “unstable areas” analysis based on review of potential karst 

or other earth stability features within the vicinity of the Lea Land site.  Numerous depressional 

features are present in western Lea County.  Several of the larger depressional features are 

suspected to have formed, at least in part, by subsidence.  Therefore, a thorough evaluation of the 

Lea Land site for potential karst conditions is warranted.  The potential for unstable terrain or karst 

development at the Lea Land site was initially evaluated by review of published and unpublished 

information on the area, and then by detailed on-site reconnaissance to identify any evidence of 

potential karst or subsidence features in the area. 

 
Karst Environments and Features 
Thornbury (1969) identified several geologic and hydrologic conditions favorable to the 

development of karst terrain as follows: 
 

TABLE IV.1.1 - Karst Terrain Conditions 
 

• Presence of soluble rock such as limestone, gypsum, dolomite or halite at or near land surface 
• Dense, highly jointed and/or thinly bedded soluble rock units 
• Stream valleys deeply incised into soluble rock 
• Moderate to high rainfall rates 

 
 
Thornbury also identified numerous characteristic karst geomorphic landforms as follows: 
 

TABLE IV.1.2 - Karst Indicators 
 

• Sinkholes and associated forms, including solution sinks with broad shallow sinkhole ponds 
and collapse sinks, with steep rocky margins 

• Karst plain, as a broad flat area with no laterally extensive drainages 
• Sinking creeks, or creeks that end abruptly, typically in sinkholes 
• Blind valleys, or ephemeral washes that end abruptly 
• Rise and resurgence of streams 
• Artesian springs 
• Haystack hills or hums 
• Caverns 
• Voids and lost drilling circulation 
• Tension cracks 
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Lea Land Site File and Literature Review 
Comparison of conditions at the Lea Land site with those factors favorable to karst development 

identified in the literature indicates that conditions at the site are not conducive to karst development.  

No thick sections of soluble rock are present at or near land surface; the shallowest significant 

thickness of soluble bedrock materials are gypsum and halite beds in the Rustler Formation, which 

are located at least 1,200 ft bgs at the site.  Additionally, rainfall rates in the area are low, and 

evapotranspiration rates are high (Section 2.9).   

 
George Bachman (1980) identified laterally extensive pedogenic calcium carbonate (caliche) deposits 

in shallow soils of western Lea County and eastern Eddy County and proposed an informal 

stratigraphic unit and nomenclature for the caliche as the “Mescalero Caliche”.  The site 

characterization borings and monitoring wells drilled at the Lea Land site penetrated caliche in the 

upper 20 ft of the site soil profile. Copies of the boring logs and monitoring well logs are included in 

Attachments IV.2.D and IV.2.E.  The Mescalero caliche can be soluble and is situated at or near land 

surface; however this unit is no more than 20 ft in thickness.  Local dissolution of the Mescalero 

Caliche unit may have resulted in the development of a number of small shallow depressions in the 

area; however this is not regarded as a significant karst process at the Lea Land site.  The design 

base grades for the landfill extend to 50 ft ± below ground surface, and the resulting earthmoving will 

penetrate through the caliche zone. The excavated caliche is planned for beneficial use (e.g., road 

surfacing, erosion control). 

 
The nearest karst features in the vicinity of the Lea Land site are identified on the physiographic map 

in Figure IV.1.12 (Nicholson and Clebsch, 1963 and Kelly, 1979).  Nash Draw, located approximately 

3 miles southwest of the Lea Land site, is the likely result of dissolution of shallow and exposed 

gypsum and halite beds in the Rustler Formation, as well as dissolution of halite beds in the Salado 

Formation below.   Another feature known as San Simon Sink is located approximately 26 miles 

southeast of the Lea Land site.  The origin of San Simon Sink is less well understood; and Nicholson 

and Clebsch (1963) concluded that San Simon Sink likely resulted from a combination of deep-seated 

collapse and wind deflation.  Several playas, including Williams Sink, Laguna Plata, Laguna Gatuna 

and Laguna Toston, are located north and east of the Lea Land SWMF.  These playas are shallow, 

ranging in depth from less than 10 feet (Laguna Toston) to about 50 feet (Laguna Plata).  Large 
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downwind dune complexes are present at each of these playas except Laguna Toston, indicating that 

wind deflation was a significant contributor to development of these playas. 

 
Site Reconnaissance 
One of the common indicators of active karst and collapse is the presence of tension cracks in 

surface soil and rock on margins of actively subsiding areas.  Other indicators of active karst 

processes may be tilting, offset and/or displacement of cultural features.  Nicholson and Clebsch 

(1963) identified an array of large annular cracks in soils arrayed around San Simon Sink, which 

are clearly visible in aerial photographs.  San Simon sink is approximately 25 miles southeast of the 

Lea Land site.  Tension cracks are visible on the margins of many sinks and escarpments of the 

region where karst processes are active.  Land and Love (2000) identified karst-related tension 

cracks in gypsum beds of the Seven Rivers Formation in the area of McMillan Escarpment on the 

east flank of the Pecos River near Lake McMillan (19 miles to the west). 

 
During the Lea Land site reconnaissance conducted by Gordon/PSC on 02/25/2018, a detailed 

inspection of the Lea Land tract and surrounding properties was conducted to identify any tension 

cracks, disrupted soils, tilting or other evidence of earth displacement.  No tension cracks, tilted or 

offset cultural features, or other evidence of displacement was observed during the reconnaissance. 

 
A small depressional feature (approximately 1.7 acres) was identified on the Lea Land tract near the 

northeastern corner of Section 32.  The location of the depressional feature is shown in Figure IV.1.5.  

The margins of the depressional feature were inspected and found to form gentle slopes with no 

evidence of off-set of soil horizons, tension cracks, accelerated erosion, or tilting.  Maximum vertical 

relief from the depressional feature base to surfaces of adjacent slopes was estimated to be less than 

five ft ±. 

 
Cultural features, including road grades, utility poles and fence posts in the vicinity of the Lea Land 

site were inspected to identify evidence of tilting, offset or displacement that could indicate recent 

land movement and none was observed.  Based upon the referenced literature review (Table 
IV.1.3) and site reconnaissance, we conclude that no evidence of active karst or land subsidence 

was discovered during these investigations. 

  



Lea Land LLC Surface Waste Management Facility 
Application for Permit Modification 

Volume IV:  Siting and Hydrogeology 
Section 1:  Siting Criteria 

June 2019 
 

Gordon/PSC IV.1-12 01041618 
 

 
TABLE IV.1.3 - Unstable Areas – References 

 

1. Bachman, G. O., 1980, Regional geology and Cenozoic history of Pecos region, southeastern 
New Mexico: U.S. Geological Survey, Open-file Report 80-1099, 120 pp., map in 12 over-size 
sheets, scale 1:250,000 and 1:125,000. 

2. Thornbury, W.D., 1969, Principles of Geomorphology: John Wiley and Sons, New York, NY 
3. Nicholson, A., Alfred Clebsch.  “Geology and Ground-Water Conditions in Southern Lea 

County, New Mexico”.  Ground-Water Report 6.  State Bureau of Mines and Minerals 
4. Land, L. and Love., D, 2000, Gypsum Karst Processes in the Seven Rivers Formation, Thire 

Day Road Log, New Mexico Geological Society 57th Field Conference Guidebook, p. 88 
5. Kelly, T.E., Geohydrology Associates, 1979, Water-resources study of the Carlsbad Potash 

area, New Mexico: Consultant report to the Bureau of Land Management, Denver Colorado, 
Contract No. YA-5112-CT8-195 

 
 
 

2.7.2 Pleistocene Faults and Seismic Zones 
The Lea Land site was evaluated for geologic faults that have experienced movement during the 

last 11,000 years (i.e., Holocene Period) and areas susceptible to potential seismic impacts to verify 

the physical stability of this location.  The Quaternary Faults Map (Figure IV.1.13) is based on the 

United States Geological Survey (USGS) Map of Quaternary faults and folds in New Mexico and 

adjacent areas.  The Lea Land site is located within an area that is described as an area of “no 

Quaternary Faults” or an area that is “unmapped”.  No faults are shown in the vicinity of the site.   

 
The seismic impact zones map (Figure IV.1.14) is based on seismic data from the USGS National 

Seismic Hazard Mapping Project data.  The seismic impact zone map indicates that the site is 

located within an area with no more than an 8% probability of peak horizontal ground acceleration 

of 0.10491 g in 250 years.  A “seismic impact zone” is an area with a 10% or greater probability of 

peak horizontal ground acceleration of 0.10 g in 250 years.  Therefore, the Lea Land site is not 

located within a seismic impact zone, as is most of the State of New Mexico.   

 
2.8 Maximum Size 
No surface waste management facility shall exceed 500 acres. (19.15.36.13.C NMAC) 
 
The disposal and operational footprint (i.e., landfill and processing) of the selected site for a surface 

waste management facility must not exceed 500 acres.  The Lea Land tract is comprised of 642 

acres ±, and the SWMF operational footprint is comprised of 463 acres ± including basic 
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infrastructure (e.g., waste receiving, access, etc.).  A description of the Lea Land SWMF 

components and corresponding acreages is provided in Table IV.1.4. 
 
 

TABLE IV.1.4 - Site Acreages 
 

Description Acres (±) 
Lea Land Site:  Total Tract 642.10 
Municipal Solid Waste (MSW) Facility Footprint (Total) 134.73 
Lea Land LLC Tract Size 507.37 
Right-of-Way – US Highway 62/BNSF Rail Road 44 
Surface Waste Management Facility Footprint (Total) 463.37 
   SWMF Landfill: Disposal Footprint 100 
   Processing Area: Operations Footprint (SE corner) 82 
   Infrastructure (Section 32 exclusive of MSW unit) 118 
   Additional Open Land 163.37 

 
 
 
2.9 Climatology 
The Lea Land site enjoys an arid climate with ample sunshine and low precipitation.  The US Climate 

Center database indicates an average annual precipitation of 13.43 inches with an 

evapotranspiration rate of approximately 34.00 inches per year.  This balance results in a low 

potential for leachate generation, subsurface solubility, stormwater runoff, etc.  The HELP Model 

(Volume III.4), however uses the maximum precipitation rate of approximately 30 inches per year 

in order to produce the most conservative results.   

 
Figure IV.1.15 is a “Wind Rose” for the site area (Western Regional Climate Center).  The local 

wind rose indicates a prevailing wind direction from the south/southeast.  This positions Lea Land 

tracts and facilities downwind of proposed landfill and waste processing facilities, further enhancing 

the buffer zone from uninhabited adjacent properties.  Potential impacts that are sensitive to wind 

propagation, such as short-term odors, dust, etc., will not typically extend to the Lea Land property 

lines.  The proposed OCD processing is visually shielded from the highway by prior waste disposal 

deposits (100 ft high) and a buffer zone > 1,500.  
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3.0 SUMMARY 
In conclusion, the Lea Land LLC Facility meets and exceeds each of the Part 36 Surface Waste 

Management Siting Criteria; and has operated with no negative environmental consequences at 

the same site for over 20 years.  Lea Land offers a long-term sustainable disposal alternative for 

growing E&P activities in southeast NM, by transitioning to the new double liner standards specified 

in Part 36.   

 
Due to its unique remote location, Lea Land does not conflict with any of the regional land uses or 

cultural resources.  Water beneath the site is not produced in useable quantities, and proposed 

vadose zone monitoring will provide enhanced environmental protection well above the shallowest 

saturation zone at the facility.  Local climatology demonstrates that the Lea Land Facility is ideally 

located in an arid zone of low precipitation and high evapotranspiration (Section 2.9). 
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2018-2020  
State of  New Mexico

Clean Water  Act  
Sect ion 303(d)/
Sect ion 305(b) 

Integrated Report  

Prepared by: 
New Mexico Environment Department 
Surface Water Quality Bureau 
1190 St. Francis Drive 
Santa Fe, New Mexico 87505 
https://www.env.nm.gov/surface-water-quality/   

Appendix A
303(d)/305(b) List



 
 vi 

III.  Abbreviations in Assessment Unit Names 
 
The size of the assessment unit name is limited to 60 characters by the database.   Therefore, the following 
abbreviations were used when necessary: 
 
abv  = above 
AZ  = Arizona 
blw  = below 
bnd  = boundary 
BNSF  = Burlington Northern – Santa Fe 
Campgrd = Campground 
Ck  = Creek 
Cny  = Canyon 
CO  = Colorado 
CR  = County Road 
confl  = confluence 
Div  = Diversion 
E  = East 
Fk  = Fork 
FS  = Forest Service (usually road) 
hdwtrs  = headwaters 
HWY  = Highway 
I  = Interstate highway 
Irr  = irrigation 
LANL  = Los Alamos National Laboratory 
M  = Middle 
mi  = mile 
N  = North 
NM  = New Mexico 
nr  = near 
NWR  = National Wildlife Refuge 
OK  = Oklahoma 
prt  = Portion (i.e., reaches) 
R  = River or Rio 
rd  = road 
RR  = railroad 
Rsvr  = Reservoir 
S  = South 
SFNF  = Santa Fe National Forest 
Spr  = Spring 
SR  = state road 
trib  = tributary 
TX  = Texas 
VCNP  = Valles Caldera National Preserve 
xing  = crossing 
USFS  = United States Forest Service 
W  = West 
WWTP  =  waste water treatment plant 
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2018 State of New Mexico §303(d) List of Impaired Surface Waters

(Table of Contents of Category 5 waters on the following Integrated §303(d)/§305(b) List)
 

HUC: 11040001 - Cimarron Headwaters

Dry Cimarron R (Perennial reaches OK bnd to Long Canyon)

Dry Cimarron River (Long Canyon to Oak Ck)

Dry Cimarron River (Oak Creek to headwaters)

Long Canyon (Perennial reaches abv Dry Cimarron)

 

HUC: 11080001 - Canadian Headwaters

Canadian River (Chicorica Creek to CO border)

Doggett Creek (Raton Creek to headwaters)

East Fork Chicorica Creek (Chicorica Creek to headwaters)

Lake Maloya

Maxwell Lake 13

Raton Creek (Chicorica Creek to headwaters)

Stubblefield Lake

Tinaja Creek (West Fork Tinaja Creek to headwaters)

VanBremmer Creek (HWY 64 to headwaters)

Vermejo River (Rail Canyon to York Canyon)

York Canyon (Vermejo R to Left Fork York Canyon)

 

HUC: 11080002 - Cimarron

American Creek (Cieneguilla Creek to headwaters)

Cimarron River (Canadian River to Ponil Creek)

Cimarron River (Cimarron Village to Turkey Creek)

Cimarron River (Turkey Creek to Eagle Nest Lake)

Eagle Nest Lake

Greenwood Creek (Middle Ponil Creek to headwaters)

McCrystal Creek (North Ponil to headwaters)

Middle Ponil Creek (Greenwood Creek to headwaters)

North Ponil Creek (Seally Canyon to headwaters)

Ponil Creek (Cimarron River to HWY 64)

Ponil Creek (HWY 64 to confl of North and South Ponil)

Rayado Creek (Cimarron River to Miami Lake Diversion)

Saladon Creek (Cieneguilla Creek to headwaters

Shuree Pond (North)

Springer Lake

 

HUC: 11080003 - Upper Canadian

Charette Lake (Lower)
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2018 State of New Mexico §303(d) List of Impaired Surface Waters

Charette Lake (Upper)

Wheaton Creek (Manuelas Creek to headwaters)

 

HUC: 11080004 - Mora

Coyote Creek (Black Lake to headwaters)

Coyote Creek (Mora River to Amola Ridge)

Coyote Creek (Williams Canyon to Black Lake)

Mora River (USGS gage east of Shoemaker to HWY 434)

Rito Cebolla (Mora River to Rito Morphy)

Sapello River (Mora River to Arroyo Jara)

 

HUC: 11080005 - Conchas

Conchas Reservoir

Conchas River (Conchas Reservoir to Salitre Creek)

 

HUC: 11080006 - Upper Canadian-Ute Reservoir

Canadian River (TX border to Ute Reservoir)

Canadian River (Ute Reservoir to Conchas Reservoir)

Pajarito Creek (Perennial prt Canadian R to Vigil Canyon)

Ute Reservoir

 

HUC: 11080008 - Revuelto

Revuelto Creek (Canadian River to headwaters)

 

HUC: 11100101 - Upper Beaver

Clayton Lake

 

HUC: 13010005 - Conejos

Canada Tio Grande (Rio San Antonio to headwaters)

Rio San Antonio (CO border to Montoya Canyon)

Rio San Antonio (Montoya Canyon to headwaters)

 

HUC: 13020101 - Upper Rio Grande

Acid Canyon (Pueblo Canyon to headwaters)

Arroyo del Palacio (Rio Grande to headwaters)

Bitter Creek (Red River to headwaters)

Canada Agua (Arroyo La Mina to headwaters)

DP Canyon (Grade control to upper LANL bnd)

DP Canyon (Los Alamos Canyon to grade control)

Embudo Creek (Canada de Ojo Sarco to Picuris Pueblo bnd)
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2018 State of New Mexico §303(d) List of Impaired Surface Waters

Embudo Creek (Rio Grande to Canada de Ojo Sarco)

Graduation Canyon (Pueblo Canyon to headwaters)

Grassy Creek (Comanche Creek to headwaters)

Los Alamos Canyon (DP Canyon to upper LANL bnd)

Los Alamos Canyon (NM-4 to DP Canyon)

Pioneer Creek (Red River to headwaters)

Pojoaque River (San Ildefonso bnd to Pojoaque bnd)

Pueblo Canyon (Acid Canyon to headwaters)

Pueblo Canyon (Los Alamos Canyon to Los Alamos WWTP)

Pueblo Canyon (Los Alamos WWTP to Acid Canyon)

Red River (Placer Creek to headwaters)

Red River (Rio Grande to Placer Creek)

Rio Fernando de Taos (R Pueblo d Taos to USFS bnd at canyon)

Rio Grande (Embudo Creek to Rio Pueblo de Taos)

Rio Grande (Ohkay Owingeh bnd to Embudo Creek)

Rio Grande (Red River to CO border)

Rio Grande (Santa Clara Pueblo bnd to Ohkay Owingeh bnd)

Rio Grande del Rancho (R Pueblo de Taos to Rito de la Olla)

Rio Pueblo (Picuris Pueblo bnd to headwaters)

Rio Pueblo de Taos (Arroyo del Alamo to R Grande del Rancho)

Rio Pueblo de Taos (Rio Grande to Arroyo del Alamo)

Rio Santa Barbara (non-pueblo Embudo Ck to USFS bnd)

Santa Cruz Lake

Santa Cruz River (San Clara Pueblo bnd to Santa Cruz Dam)

South Fork Acid Canyon (Acid Canyon to headwaters)

Unnamed Arroyo (Rio Pueblo de Taos to Taos WWTP)

Vidal Creek (Comanche Creek to headwaters)

Walnut Canyon (Pueblo Canyon to headwaters)

 

HUC: 13020102 - Rio Chama

Abiquiu Creek (Rio Chama to headwaters)

Abiquiu Reservoir

Arroyo del Toro (Rio Chama to headwaters)

Burns Lake (Rio Arriba)

Canada de Horno (Rio Chama to headwaters)

Canjilon Ck (Perennial portions Abiquiu Rsrv to headwaters)

Canones Creek (Abiquiu Rsvr to Chihuahuenos Ck)

Canones Creek (Rio Chama to Jicarilla Apache bnd)

Chihuahuenos Creek (Canones Creek to headwaters)
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2018 State of New Mexico §303(d) List of Impaired Surface Waters

Coyote Creek (Rio Puerco de Chama to headwaters)

El Rito Creek (Perennial reaches above HWY 554)

El Rito Creek (Perennial reaches below HWY 554)

Heron Reservoir

Hopewell Lake

Placer Creek (Hopewell Lake to headwaters)

Poleo Creek (Rio Puerco de Chama to headwaters)

Rio Nutrias (Perennial prt Rio Chama to headwaters)

Rio Ojo Caliente (Arroyo El Rito to Rio Vallecitos)

Rio Puerco de Chama (Abiquiu Reservoir to HWY 96)

Rio Tusas (Perennial prt Rio Vallecitos to headwaters)

Rio Vallecitos (Rio Tusas to headwaters)

Rio del Oso (Perennial prt Rio Chama to headwaters)

Rito Encino (Rio Puerco de Chama to headwaters)

Rito de Tierra Amarilla (HWY 64 to headwaters)

Rito de Tierra Amarilla (Rio Chama to HWY 64)

Sixto Creek (Rio Chamita to CO border)

 

HUC: 13020201 - Rio Grande-Santa Fe

Ancho Canyon (North Fork to headwaters)

Ancho Canyon (Rio Grande to North Fork Ancho)

Arroyo de la Delfe (Pajarito Canyon to headwaters)

Canada del Buey (within LANL)

Canon de Valle (LANL gage E256 to Burning Ground Spr)

Canon de Valle (below LANL gage E256)

Canon de Valle (upper LANL bnd to headwaters)

Chaquehui Canyon (within LANL)

Mortandad Canyon (within LANL)

North Fork Ancho Canyon (Ancho Canyon to headwaters)

Pajarito Canyon (Lower LANL bnd to Two Mile Canyon)

Pajarito Canyon (Two Mile Canyon to Arroyo de La Delfe)

Pajarito Canyon (upper LANL bnd to headwaters)

Pajarito Canyon (within LANL above Starmers Gulch)

Potrillo Canyon (above Water Canyon)

Rio Grande (Cochiti Reservoir to San Ildefonso bnd)

Rio Grande (non-pueblo Angostura Div to Cochiti Rsrv)

Rito de los Frijoles (Rio Grande to headwaters)

Sandia Canyon (Sigma Canyon to NPDES outfall 001)

Sandia Canyon (within LANL below Sigma Canyon)
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2018 State of New Mexico §303(d) List of Impaired Surface Waters

Santa Fe River (Cienega Creek to Santa Fe WWTP)

Santa Fe River (Cochiti Pueblo bnd to Cienega Creek)

Santa Fe River (Guadalupe St to Nichols Rsvr)

Santa Fe River (Nichols Reservoir to headwaters)

Santa Fe River (Santa Fe WWTP to Guadalupe St)

Ten Site Canyon (Mortandad Canyon to headwaters)

Three Mile Canyon (Pajarito Canyon to headwaters)

Two Mile Canyon (Pajarito to headwaters)

Water Canyon (upper LANL bnd to headwaters)

Water Canyon (within LANL below Area-A Cyn)

 

HUC: 13020202 - Jemez

Calaveras Creek (Rio Cebolla to headwaters)

Clear Creek (Rio de las Vacas to San Gregorio Lake)

Clear Creek (San Gregorio Lake to headwaters)

East Fork Jemez (San Antonio Creek to VCNP bnd)

East Fork Jemez (VCNP to headwaters)

Fenton Lake

Jaramillo Creek (East Fork Jemez to headwaters)

Jemez River (Jemez Pueblo bnd to Rio Guadalupe)

Jemez River (Soda Dam nr Jemez Springs to East Fork)

Jemez River (Zia Pueblo bnd to Jemez Pueblo bnd)

La Jara Creek (East Fork Jemez to headwaters)

Redondo Creek (Sulphur Creek to headwaters)

Rio Cebolla (Fenton Lake to headwaters)

Rio Cebolla (Rio de las Vacas to Fenton Lake)

Rio Guadalupe (Jemez River to confl with Rio Cebolla)

Rio de las Vacas (Clear Creek to headwaters)

Rito Penas Negras (Rio de las Vacas to headwaters)

Rito de las Palomas (Rio de las Vacas to headwaters)

Rito de los Indios (San Antonio Creek to headwaters)

San Antonio Creek (East Fork Jemez to VCNP bnd)

San Antonio Creek (VCNP bnd to headwaters)

San Gregorio Lake

Sulphur Creek (Redondo Creek to headwaters)

Sulphur Creek (San Antonio Creek to Redondo Creek)

Vallecito Ck (Jemez Pueblo bnd to Div abv Ponderosa)

Vallecito Ck (Perennial Prt Div abv Ponderosa to headwaters)
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2018 State of New Mexico §303(d) List of Impaired Surface Waters

HUC: 13020203 - Rio Grande-Albuquerque

Rio Grande (Arroyo de las Canas to Rio Puerco)

Rio Grande (Isleta Pueblo boundary to Tijeras Arroyo)

Rio Grande (Rio Puerco to Isleta Pueblo bnd)

Rio Grande (San Marcial at USGS gage to Arroyo de las Canas)

Rio Grande (Tijeras Arroyo to Alameda Bridge)

Rio Grande (non-pueblo Alameda Bridge to HWY 550 Bridge)

 

HUC: 13020204 - Rio Puerco

Rio Puerco (Arroyo Chijuilla to northern bnd Cuba)

Rio Puerco (non-pueblo Rio Grande to Arroyo Chico)

 

HUC: 13020207 - Rio San Jose

Arroyo del Valle (Laguna Pueblo bnd to headwaters)

Bluewater Lake

 

HUC: 13020209 - Rio Salado

Rio Salado (Rio Grande to Alamo Navajo bnd)

 

HUC: 13020211 - Elephant Butte Reservoir

Elephant Butte Reservoir

Rio Grande (Elephant Butte Rsvr to San Marcial at USGS)

 

HUC: 13030101 - Caballo

Caballo Reservoir

Las Animas Ck (perennial prt Animas Gulch to headwaters)

Rio Grande (Caballo Reservoir to Elephant Butte Reservoir)

 

HUC: 13030102 - El Paso-Las Cruces

Rio Grande (International Mexico bnd to Anthony Bridge)

 

HUC: 13030202 - Mimbres

Bear Canyon Reservoir

Gallinas Creek (Mimbres River to headwaters)

San Vicente Creek (Perennial prt Maudes Cny to Silva Creek)

 

HUC: 13050003 - Tularosa Valley

Dog Canyon Creek (perennial portions)

Fresnal Canyon (La Luz Creek to Salado Canyon)

Karr Canyon (Fresnal Canyon to headwaters)
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Lake Holloman

Nogal Creek (Tularosa Creek to Mescalero Apache bnd)

 

HUC: 13050004 - Salt Basin

Sacramento R (Perennial prt Scott Able Canyon to headwaters)

 

HUC: 13060001 - Pecos Headwaters

El Porvenir Creek (Gallinas River to SFNF bnd)

El Rito (Pecos River to headwaters)

Gallinas River (Pecos River to Aguilar Creek)

Gallinas River (Perennial prt Aguilar Creek to Pecos Arroyo)

Glorieta Ck (Perennial prt Pecos R to Glorieta CC WWTP)

McAllister Lake

Pecos River (Sumner Reservoir to Santa Rosa Reservoir)

Pecos River (Tecolote Creek to Villanueva State Park)

Santa Rosa Reservoir

Storrie Lake

Sumner Reservoir

Tecolote Creek (I-25 to Blue Creek)

Tres Lagunas (Northeast)

 

HUC: 13060003 - Upper Pecos

Pecos River (Salt Creek to Crockett Draw)

 

HUC: 13060007 - Upper Pecos-Long Arroyo

Figure Eight Lake

Lake Van

Pecos River (Eagle Creek to Rio Felix)

Pecos River (Rio Felix to Rio Hondo)

Pecos River (Rio Hondo to Salt Creek)

Pecos River (Rio Penasco to Eagle Creek)

 

HUC: 13060008 - Rio Hondo

Grindstone Canyon Reservoir

Rio Bonito (Perennial prt NM 48 near Angus to headwaters)

 

HUC: 13060010 - Rio Penasco

Agua Chiquita (perennial portions McEwan Cny to headwaters)

 

HUC: 13060011 - Upper Pecos-Black

MCrepeau
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Brantley Reservoir

Lower Tansil Lake/Lake Carlsbad (Carlsbad Municipal Lake)

Pecos River (Avalon Reservoir to Brantley Reservoir)

Pecos River (Black River to Six Mile Dam Lake )

Pecos River (Brantley Reservoir to Rio Penasco)

Pecos River (Six Mile Dam Lake to Lower Tansil Lake)

Pecos River (TX border to Black River)

Six Mile Dam Lake

 

HUC: 14080101 - Upper San Juan

Navajo Reservoir

Navajo River (Jicarilla Apache Nation to CO border)

 

HUC: 14080104 - Animas

Animas River (Estes Arroyo to So. Ute Indian Tribe bnd)

Lake Farmington (Beeline Reservoir)

 

HUC: 14080105 - Middle San Juan

La Plata R (McDermott Arroyo to So. Ute Indian Tribe bnd)

La Plata River (San Juan River to McDermott Arroyo)

San Juan River (Navajo bnd at Hogback to Animas River)

 

HUC: 15020003 - Carrizo Wash

Quemado Lake

 

HUC: 15020004 - Zuni

McGaffey Lake

Ramah Reservoir

 

HUC: 15020006 - Upper Puerco

Puerco River (non-tribal AZ border to Gallup WWTP)

 

HUC: 15040001 - Upper Gila

Beaver Creek (Perennial prt Taylor Ck to Mule Canyon)

East Fork Gila River (Gila River to headwaters)

Gila River (Mogollon Ck to East and West Forks of Gila R)

Gilita Creek (Middle Fork Gila R to Willow Creek)

Iron Creek (Middle Fork Gila R to headwaters)

Lake Roberts

Middle Fork Gila River (Canyon Creek to headwaters)
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Middle Fork Gila River (West Fork Gila R to Canyon Creek)

Snow Lake

Taylor Creek (Perennial reaches Beaver Creek to headwaters)

Turkey Creek (Gila River to headwaters)

West Fork Gila R (East Fork to Middle Fork)

West Fork Gila R (Middle Fork to headwaters)

Willow Creek (Gilita Creek to headwaters)

 

HUC: 15040002 - Upper Gila-Mangas

Bill Evans Lake

Gila River (AZ border to Red Rock)

Gila River (Mangas Creek to Mogollon Creek)

Gila River (Red Rock to Mangas Creek)

Mangas Creek (Gila River to Mangas Springs)

 

HUC: 15040004 - San Francisco

Centerfire Creek (San Francisco R to headwaters)

Mule Creek (San Francisco R to Mule Springs)

Negrito Creek (Tularosa River to confl of N and S forks)

San Francisco River (Box Canyon to Whitewater Creek)

San Francisco River (Centerfire Creek to AZ border)

San Francisco River (NM 12 at Reserve to Centerfire Creek)

San Francisco River (Whitewater Ck to Pueblo Ck)

Trout Creek (Perennial prt San Francisco R to headwaters)

Tularosa River (San Francisco R to Apache Creek)

 



1

2018 - 2020 State of New Mexico Clean Water Act §303(d)/§305(b) Integrated List.

Uses Abbreviation Key

ColdWAL Coldwater Aquatic Life

CoolWAL Coolwater Aquatic Life

DWS Domestic Water Supply

FC Fish Culture

HQColdWAL High Quality Coldwater Aquatic Life

IW Storage Industrial Water  Storage

IW Supply Industrial Water Supply

IRR Irrigation

IRR Storage Irrigation Storage

LAL Limited Aquatic Life

LW Livestock Watering

MCWAL Marginal Coldwater Aquatic Life

MWWAL Marginal Warmwater Aquatic Life

MWS Municipal Water Storage

PC Primary Contact

PWS Public Water Supply

SC Secondary Contact

WWAL Warmwater Aquatic Life

WH Wildlife Habitat



324

2018 - 2020 State of New Mexico Clean Water Act §303(d)/§305(b) Integrated List.

Williams Sink (Eddy) AU IR

CATEGORY

LOCATION DESCRIPTION

3/3A HUC: 13060011     Upper Pecos-Black

AU ID WQS REF WATER TYPE SIZE ASSESSED MONITORING SCHEDULE

NM-9000.B_109 20.6.4.98 LAKE, PLAYA 210.11 ACRES 1998 2021

USE ATTAINMENT CAUSE(S) FIRST LISTED TMDL DATE PARAMETER IR CATEGORY

LW

..............................

MWWAL

..............................

PC

..............................

WH

Not Assessed

..............................

Not Assessed

..............................

Not Assessed

..............................

Not Assessed

.....................................................

.....................................................

.....................................................

..............................

..............................

..............................

...........................

...........................

...........................

..............................

..............................

..............................

AU Comment: Potash activities  have lead to hypersaline conditions which likely make livestock watering not attainable or existing.

HUC: 13070002     Delaware

Delaware River (Pecos River to TX border) AU IR

CATEGORY

LOCATION DESCRIPTION

2 HUC: 13070002     Delaware

AU ID WQS REF WATER TYPE SIZE ASSESSED MONITORING SCHEDULE

NM-2202.A_20 20.6.4.202 STREAM, PERENNIAL 8.43 MILES 2006 2019

USE ATTAINMENT CAUSE(S) FIRST LISTED TMDL DATE PARAMETER IR CATEGORY

IW Supply

..............................

IRR

..............................

LW

..............................

PC

..............................

WWAL

..............................

WH

Not Assessed

..............................

Fully Supporting

..............................

Fully Supporting

..............................

Fully Supporting

..............................

Fully Supporting

..............................

Fully Supporting

.....................................................

.....................................................

.....................................................

.....................................................

.....................................................

..............................

..............................

..............................

..............................

..............................

...........................

...........................

...........................

...........................

...........................

..............................

..............................

..............................

..............................

..............................

AU Comment: No flow documented at US285 bridge.
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Site entry road looking east 
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Looking west from NW quadrant and rail road 
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Sheet flow looking north from NE quadrant 
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1.0 INTRODUCTION 
Lea Land LLC (the Facility) is an existing Surface Waste Management Facility (SWMF) providing 

oil field waste solids (OFWS) disposal services.  The existing Lea Land SWMF is subject to 

regulation under the New Mexico Oil and Gas Rules, specifically 19.15.9.711 and 19.15.36 NMAC, 

administered by the Oil Conservation Division (OCD) of the NM Energy, Minerals, and Natural 

Resources Department (NMEMNRD).  This document is a component of the “Application for Permit 

Modification” that proposes continued operations of the existing approved waste disposal unit; 

lateral and vertical expansion of the landfill via the construction of new double-lined cells; and the 

addition of waste processing capabilities.  The proposed Facility is designed in compliance with 

19.15.36 NMAC, and will be constructed and operated in compliance with a Surface Waste 

Management Facility Permit issued by the OCD.  The Facility is owned by, and will be constructed 

and operated by, Lea Land LLC. 

 
The Lea Land SWMF is one of the most recently designed facilities to meet the new more stringent 

standards that, for instance, mandate double liners and leak detection for land disposal.  The new 

services that Lea Land will provide needed resources to fill an existing void in the market for 

technologies that exceed current OCD requirements. 

 
1.1 Purpose 
This section provides compliance demonstrations for the Siting Criteria for Surface Waste 

Management Facilities specified in the NM Oil and Gas Rules, 19.15.36.13.A-C NMAC.  These 

requirements include depth to groundwater; and proximity of watercourse, floodplains, wetlands, 

mines, residences/institutions, and unstable areas.  The proposed Facility site meets the Siting 

Requirements applicable to a Surface Waste Management Facility (i.e., 19.15.36.13.A-C NMAC).  

Supplemental studies were also conducted for ecological resources, with positive results. 

 
1.2 Site Location 
The Lea Land site is located approximately 27 miles northeast of Carlsbad, straddling US Highway 

62-180 (Highway 62) in Lea County, NM.  The Lea Land site is comprised of a 642-acre ± tract of 

land encompassing Section 32, Township 20 South, Range 32 East, Lea County, NM (Figure 
II.1.1).  Site access is currently provided on the south side of US Highway 62.  The coordinates for 
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the approximate center of the Lea Land site are Latitude 32°31’46.77” and Longitude -

103°47’18.25”. 

 
1.3 Facility Description 
The Lea Land SWMF comprises approximately 463 acres ± of the 642-acre ± site, and will include 

two main components: an oil field waste Processing Area and an oil field waste solids Landfill, as 

well as related infrastructure (i.e., access, waste receiving, stormwater management, etc.).  Oil field 

wastes are delivered to the Lea Land SWMF from oil and gas exploration and production operations 

in southeastern NM and west Texas.  The Permit Plans (Attachment III.1.A) identify the locations 

of the Processing Area and Landfill Disposal facilities.  The proposed facilities are detailed in Table 
II.1.2 (Volume II.1), and are anticipated to be developed in four primary phases as described in 

Table II.1.3 (Volume II.1). 

 
 
2.0 REGIONAL GEOLOGY AND HYDROLOGY 
The Lea Land SWMF is situated in a mature oil and gas producing province in the Permian Basin 

of southeastern New Mexico. The site is also within a mature potash mining and refining province, 

and is located approximately 10.25 miles north of the Waste Isolation Pilot Project (WIPP) site. 

Pursuant to these activities, the regional geology and hydrogeology near the Lea Land SWMF has 

been studied extensively by numerous professionals (Figures, Tables, and Attachments). 

 
2.1 Physiographic Setting 
The proposed surface waste management Facility is located near the boundary between the 

Southern High Plains Section (Llano Estacado) and the Pecos Valley Section of the Great Plains 

Physiographic Province (Hawley, 1993b). The Great Plains Physiographic Province is characterized 

by low relief and lightly deformed Permian and Triassic sedimentary bedrock units overlain by 

variable thicknesses of late Tertiary and Quaternary age unconsolidated to semi-consolidated 

deposits.  These strata consist of sand, silt, clay, gravel and calcrete (caliche) of the Ogallala 

Formation and younger Quaternary deposits of unconsolidated or aeolian sands and silts. These 

conditions are confirmed by focused on-site drilling, as well as local subsurface studies. 
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Physiography of the vicinity of the Lea Land SWMF in southern Lea County and eastern Eddy 

County was described by Nicholson and Clebsch (1961) and Kelly (1979) and is summarized in the 

physiographic map in Figure IV.2.1. The site is situated in the Upper Pecos-Black watershed 

(USGS cataloging Unit 1306011). 

 
The Facility is located near the southwestern terminus of the Querecho Plains, which is a broad and 

relatively flat area that slopes gently from Mescalero Ridge at the western terminus of the Llano 

Estacado toward the Pecos River, approximately 80 miles to the west of Mescalero Ridge. The 

Querecho Plains are generally underlain by thin accumulations of unconsolidated sand, silt, gravel 

and caliche that mantle Triassic age redbeds and sandstones.  The Tertiary Ogallala Formation, 

which is a thick sequence of unconsolidated to semi-consolidated sand, silt and gravel forms the 

caprock on Mescalero Ridge. Ogallala sediments were deposited on an erosional surface incised 

into the Triassic Chinle Formation in much of southeastern New Mexico.  The Ogallala has been 

removed by erosion and is absent west of Mescalero Ridge 

 
The Facility is situated east of the northernmost extension of Livingston Ridge, which, in the vicinity 

of the site, is a west-facing escarpment created by ledge-forming sandstone beds of the Triassic 

Santa Rosa Sandstone.  The Facility rests on thinly alluvium-mantled gently east dipping beds of 

the Santa Rosa Sandstone. 

 
Numerous subsidence features are present in eastern Eddy County and Western Lea County. 

(Figure IV.2.1). The most notable of these are Nash Draw, Clayton Basin and several large playas, 

including Williams Sink, Laguna Plata, Laguna Gatuna, Laguna Tonto and Laguna Toston. These 

features are generally believed to have formed from a combination of dissolution of deep-seated 

soluble substrates (Rustler and Salado) and wind deflation (Nicholson and Clebsch, 1961).  Wind 

deflation is evidenced by dunes on the downwind flank of the Lagunas. 

 
2.2 Structural Setting 
The Lea Land SWMF is situated on the northeastern margin of a deep sedimentary feature known as 

the Delaware Basin. During most of the Permian period, the Delaware Basin was the site of a deep 

marine canyon that extended across southeastern New Mexico and west Texas. Major structural 

elements of the Delaware Basin area are shown in Figure IV.2.2 (Powers, 1978). The major 
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structures of the basin include the Guadalupe Mountains on the west side, the Central Basin Platform 

on the east side, and the Capitan Reef Complex on the west, north and east sides of the basin. 

 
The Central Basin Platform forms an abrupt eastern terminus to the Delaware Basin; it is a steeply 

fault-bound uplift of basement rocks that grew through the early and middle Paleozoic Era such that 

most of the pre-Permian sedimentary section is missing from its apex. Great thickness of organic-

rich marine deposits in the Delaware Basin, and the presence of abrupt structural thinning in the 

Capitan Reef Complex and against the Central Basin Platform combined to produce a prolific oil 

and gas producing province. These areas have been the focus of intense petroleum exploration 

and development activities since approximately 1920. 

 
Surficial geology and generalized stratigraphy across the Delaware Basin in the region of the Lea 

Land SWMF are depicted in the map and cross-section provided as Figure IV.2.3 (New Mexico 

Bureau of Geology and Minerals, 2003 and Duchene and Cunningham, 2006). Tectonic 

development of the Delaware Basin began by the late Pennsylvanian period and major basin 

subsidence took place during the late Pennsylvanian period and early Permian period. Basin 

development ended in the late Permian period (Brokaw, et. al., 1972). Thickness of sediments in 

the Delaware Basin exceeds 20,000 feet, and Permian strata alone account for more than 13,000 

feet of basin fill materials (Oriel, et. al., 1967). During the Triassic period, the area was uplifted, 

resulting in deposition of clastic continental shales (i.e., redbeds). Continuing uplift resulted in 

erosion and/or non-deposition until the middle to late Cenozoic period, when regional eastward 

tilting completed structural development of the Basin as it exists today (Stipp, 1954). 

 
2.3 Surface Geology and Shallow Stratigraphy 
Surface geologic mapping in Lea County and Eastern Eddy County was compiled by the Texas 

Bureau of Economic Geology and is depicted in detail on the 1:250,000 Hobbs Sheet of the 

Geologic Atlas of Texas (Eifler and Reeves, 1976). A portion of this map showing the vicinity of the 

Lea Land SWMF is shown as Figure IV.2.4. 

 
Post-Pennsylvanian stratigraphic units of the Delaware Basin are summarized in the stratigraphic 

nomenclature chart in Figure IV.2.5 (Hendrickson and Jones, 1952, Nicholson and Clebsch, 1961 

and Hawley, et. al., 1993a). Geologic units that are present at land surface or in the shallow 

subsurface near the Lea Land SWMF include unconsolidated Quaternary alluvial, aeolian and playa 
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lacustrine deposits, semi-consolidated clastics of the Tertiary Ogallala Formation, Triassic bedrock 

shale and sandstone units of the Chinle/Dockum Group, and shale and evaporites, including 

gypsum and halite. Shallow stratigraphic units in the vicinity of the Lea Land SWMF as described 

by the Texas Bureau of Economic Geology for the Hobbs Sheet (1976) are listed below. 

• Eolian Deposits (Qcd Quaternary) – Sand, calcareous, primarily brown to grey, derived 
from and rests on lacustrine deposits. 

• Colluvium (Qscg Quaternary) – Sand, silt and gravel deposited by slopewash, and talus 
from Ogallala, red to gray; in part calcified, caliche 1-20 feet thick; may include weathered 
Gatuna Formation; rests mainly on Triassic and Permian rocks. 

• Tahoka Formation Lacustrine Deposits (Qta Quaternary) – Lacustrine clay, silt, sand 
and gravel, locally calcareous and selenitic, indistinctly bedded to massive, weakly coherent, 
various shades of light gray, grades to gravel at playa margins, contains molluscan and 
vertebrate fossils. 

• Chinle Formation/Dockum Group (Trc/Td Triassic) – upper is Chinle Formation 
consisting of Claystone, micaceous, greenish red with green reduction spots, interbedded 
with fine grained sandstone, thickness up to 300 feet; lower is Santa Rosa Sandstone; 
cross-bedded, conglomeratic with mixed lithology, thickness 50-70 feet. 

• Dewey Lake Redbeds (Pdl, Permian) – Siltstone and fine grained quartz sandstone, 
laminated, locally crossbedded, reddish orange, reddish brown, brownish yellow, greenish 
grey reduction spots up to 1 inch common; thickness 200-250 feet. 

• Rustler Formation (Pru, Permian) – Limestone, siltstone, sandstone, gypsum, marl, and 
clay.  Upper part – limestone and dolomitic limestone; thickness 50+ feet.  Middle part – 
siltstone and sandstone, yellowish grey; thickness 50 to 70 feet.  Lower part – siltstone and 
fine-grained sandstone, thin to medium bedded, red, interbeds of earth to sparry red 
gypsum, a few beds of red and greenish grey marl and clay; thickness 50+ feet. 

 
The Lea Land site is situated on a gently northeast-dipping homocline.  Shallow stratigraphy 

consists of a thin mantle of Quaternary alluvial sand and silt, which is underlain by a relatively 

complete section (i.e., 50 feet thick) of Triassic Santa Rosa Sandstone.  The Santa Rosa Sandstone 

is underlain by Permian Dewey Lake Redbeds, then by Permian Rustler Formation, 

 
2.4 Sources of Hydrogeologic Data 
Available basic hydrogeologic data from wells near the Lea Land SWMF is summarized in Table 
IV.2.1 in this submittal. Information in Table IV.2.1 includes well locations, depths, water levels, 

saturated zones and available stratigraphic intercepts of hydrologically significant mappable units 

in the area. 
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2.4.1 Permitted and Pre-basin Water Wells 
Numerous water wells in the general vicinity of the Lea Land SWMF were drilled prior to the 

administrative declaration of the Capitan Underground Water Basin (Capitan Basin) by the New 

Mexico Office of the State Engineer (NMOSE), in 1965. Lithologic logs and records of completions 

are generally not available for the “pre-basin” wells. Prior to the declaration of the Carlsbad Basin, 

Alexander Nicholson conducted well canvassing in southern Lea County in 1953, 1954 and 1955, 

identifying well locations and documenting the well ownership, depths, water levels, casing 

diameters, pump types and well yields and water quality and other available information (Nicholson 

and Clebsch, 1961). Additional well canvass information is kept in unpublished files in the NMOSE 

District 2 office in Roswell, NM. Tim Kelly (Geohydrology Associates, Inc., 1978) captured the 

NMOSE file data and performed extensive additional well canvassing in the area in 1977, revisiting 

numerous wells that Nicholson had catalogued, as well as a number of additional wells in the area. 

 
Review of NMOSE on-line files of permitted water wells (NMOSE WATERS DATABASE, 2019) 

indicates that there are no permitted water wells near the Lea Land SWMF.  Two domestic wells 

were attempted at locations approximately 1.5 miles west of the Facility in 1966 (Wells C-368 and 

C-370 in Sec. 36, T. 20 S., R. 31 E.); however, these holes found no production and were not cased.  

Copies of records for wells C-368 and C-370 are included in Attachment IV.2.F.  Several other 

permitted monitoring wells associated with the Waste Isolation Pilot Project were installed from 2.8 

miles and greater distances south and southeast of the Lea Land SWMF.  Summary water well 

information compiled by Nicholson and Clebsch (1961), as well as available information on the 

nearest NMOSE permitted wells are presented in Table IV.2.1. 

 
2.4.2 Area Borings and Monitoring Wells 

Resource and environmental characterization projects have yielded information on subsurface 

stratigraphy and groundwater conditions in the vicinity of the Facility.  Projects include:  

• A water resources study of the Carlsbad Potash area (Geohydrology Associates 1979)  
• An environmental hydrogeologic site characterization boring project for permitting the 

Controlled Recovery Inc. (CRI, now R-360) oil and gas waste disposal Facility (James 
Wright, 1990) 

• Hydrogeologic update for the same Facility (Safety and Environmental Solutions, Inc., 2003) 
• Potash mineral exploration drilling (United States Geological Survey, 1953),   

 



Lea Land LLC Surface Waste Management Facility 
Application for Permit Modification 

Volume IV:  Siting and Hydrogeology 
Section 2:  Hydrogeology 

June 2019 
 

Gordon/PSC IV.2-7 01041618 
 

Copies of boring logs and related information obtained from these investigations are included in 

Attachments IV.2.A, IV.2.B and IV.2.C, respectively. 
 

2.4.3 Lea Land Site Boring and Groundwater Monitoring Well Installation 
Pursuant to site characterization of Lea Land site in Section 32 T. 20 S. R. 32 E., ten shallow borings 

were advanced in November 1993 (Standard Testing and Engineering Company, 1993). Copies of 

logs of the borings are included in Attachment IV.2.D. The Lea Land borings were drilled with air 

rotary methods and were advanced through alluvial veneer, 30 to 50 feet of Santa Rosa Sandstone 

and into the Dewey Lake Redbeds to depths ranging from 126 to 201 feet below grade. During 

drilling, cuttings were inspected for lithology, color, degree of induration and moisture content; and 

samples were collected for laboratory analysis of engineering properties.  The borings found no 

groundwater in the Santa Rosa Sandstone in the site area.  Saturated zones were found beneath 

the Santa Rosa Sandstone in the Dewey Lake Redbeds at 125 feet below grade (BH-1) and 201 

feet below grade (BH-5).   

 
Based upon information from the geotechnical borings, five shallow groundwater monitoring wells 

were installed in June 1996 and June 1997, and completed in shallow saturated zones in the Dewey 

Lake Redbeds at depths ranging from 203.5 to 215 feet below ground surface (bgs).  Water was found 

in confined zones such that water levels in the completed wells rose between approximately 22 feet 

and 51 feet above the tops of the saturated zones (i.e., base of the aquitard) identified during drilling.  

Locations of the Lea Land borings and monitoring wells, as well as locations of other wells and borings 

in the vicinity of the Facility are shown on Figure IV.2.6.  Completion details, water levels and water-

bearing zones of the groundwater monitoring wells are summarized in Table IV.2.1.  Copies of the 

lithologic logs of Lea Land Geotechnical Borings 1-10 and Monitoring Wells 1-5 are included in 

Attachments IV.2.D and IV.2.E.     
 

2.4.4 Groundwater Sampling and Analyses 
Groundwater sampling and analyses have been performed on wells at the site and in the vicinity of 

the Lea Land SWMF for numerous projects.  Groundwater sampling and analyses have been 

performed on Lea Land site monitoring wells MW-2, MW-4 and MW-5 since 1997.  A copy and a 

summary of the laboratory analyses of water samples collected from the Lea Land site monitoring 

wells in March 2010 and June 2018 are included in Attachment IV.2.G.  Water quality data was 

also obtained from two nearby wells installed during the BLM potash area groundwater investigation 
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(Geohydrology 1979).  Copies of the laboratory analytical data sheets from the BLM wells are 

included with the information from these wells in Attachment IV.2.A.  A summary of available 

groundwater quality data from the Lea Land site monitoring wells and the BLM potash investigation 

wells (Geohydrology 1979) is included in Table IV.2.2. 

 
2.5 Water-Bearing Geologic Units 
Potable water-bearing geologic units in southern Lea County and Eastern Eddy County include the 

Tertiary Ogallala Aquifer, shallow Quaternary alluvial aquifers and the Santa Rosa Sandstone unit 

of the lower portion of the Triassic Chinle/Dockum Group.  Insufficient quantities of water are locally 

present in the Permian Dewey Lake Redbeds and deeper bedrock units at the Lea Land Site to 

sustain sampling.  The Ogallala Formation has been removed by erosion and is absent in the vicinity 

of the Facility.  The Santa Rosa Sandstone is above saturation and is dry at the Lea Land SWMF. 

 
Thin, laterally discontinuous and often ephemeral saturations are occasionally present in the basal 

alluvium overlying the Triassic and Permian shale bedrock units, particularly in and around playas, 

where stormwater periodically recharges shallow sediments. Local saturations may also be present 

in basal alluvium in areas where the shale bedrock was deeply incised by drainages prior to 

deposition of the alluvium, forming buried paleochannels. 

 
The Santa Rosa Sandstone (lower Triassic Dockum Group) is laterally extensive east of Livingston 

Ridge in the vicinity of the Lea Land SWMF and yields modest to moderate quantities of good quality 

groundwater to wells further east in Lea County but is non water-bearing at the Lea Land SWMF. 

Based upon data from vicinity wells and on-site Facility borings and groundwater monitoring well 

installations, shallow saturation is present in limited and unusable quantities in hydraulically tight 

confined zones in the Dewey Lake Redbeds beneath the site at depths ranging from 171 feet to 

188 feet.  

 
 
3.0 SITE SPECIFIC GEOLOGY AND HYDROGEOLOGY 
3.1 Site Investigation, Data Compilation and Interpretation 
A map of the surficial geology in southern Lea County and in the vicinity of the Lea Land SWMF 

was published by the Texas Bureau of Economic Geology (Hobbs Sheet, 1976). A portion of this 

map depicting surface geology in the vicinity of the Lea Land SWMF is shown as Figure IV.2.4. 
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Subsurface boring investigations were performed on the Lea Land SWMF to characterize geologic 

and hydrogeologic conditions of the site to demonstrate ultimate conformance with provisions set 

forth in 19.15.36.8.C.15 NMAC. Published and unpublished resources on shallow stratigraphy of 

the area have been supplemented with the results of the ten soil borings and five groundwater 

monitoring wells that were drilled on the Lea Land site in 1993, 1996-1997 to determine the shallow 

geologic conditions and potential saturated zones beneath the site. Subsurface investigations were 

performed at the Lea Land site using air rotary drilling, the most appropriate technology for detecting 

the presence of water. Data that was accumulated during boring and testing at the Lea Land site, 

as well as published and agency file data on local geology and groundwater were compiled into this 

site-specific assessment of hydrogeologic conditions at the Lea Land. 

 
Ten soil borings were drilled, and five groundwater monitoring wells were installed on the Facility 

property at locations shown on the map in Figure IV.2.6. Numerous other shallow wells have been 

drilled in the vicinity of the Lea Land by the Bureau of Land Management and Controlled Recovery 

Inc.  Locations, completions, stratigraphic and water level data on these wells is summarized in 

Table IV.2.1; this data was used to prepare this hydrogeologic site characterization. Copies of logs 

and other data associated with the BLM monitoring wells (Geohydrology, 1979) are included in 

Attachment IV.2.A; logs and completion data from the Controlled Recovery Inc. monitoring wells 

are included in Attachment IV.2.B; logs and completion data from the Lea Land borings and 

monitoring wells are included in Attachments IV.2.D and IV.2.E.  A potash mineral exploration well 

was drilled to a depth of 1273 feet and logged by the USGS in 1953; a copy of the log is included 

in Attachment IV.2.C. 

 
The Lea Land site borings (BH-1 through BH-10) and groundwater monitoring wells (MW-1 through 

MW-5) were installed using air rotary drilling methods.  During air rotary drilling, circulated cuttings 

samples were collected. Depth-referenced formation samples collected during drilling were visually 

examined in the field to determine the lithology, texture color, degree of lithification, plasticity, and 

moisture content of penetrated materials.  None of the Lea Land borings or groundwater monitoring 

wells encountered water in the Santa Rosa Sandstone.  Non-economic saturations were in the 

Dewey Lake Redbeds at depths ranging from 171 feet below grade to 188 feet below grade 

confirmed.  
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Saturation was noted in Dewey Lake Redbeds in Lea Land boring B-1 at a depth of 125 feet when 

it was drilled in November 1993.  Monitoring well MW-3, which was drilled approximately 185 feet 

west of boring B-1 in June 1996 encountered no saturation at this depth and was completed in the 

first penetrated saturation zone at a depth of 214 feet below grade.  

 
3.2 Facility Geotechnical Evaluation 
Table IV.2.3 provides summary results of site-specific surface and subsurface materials testing, which 

includes laboratory testing of depth-referenced soil boring samples as well as hydraulic tests of 

groundwater monitoring wells.  The geotechnical testing data indicates that the Santa Rosa 

Sandstone is a fine-grained silty/sand unit, containing an average of 34% silt and finer particles.  

Available hydraulic tests of boring samples taken from the Santa Rosa Sandstone indicate a saturated 

hydraulic conductivity ranging from 1.4 x 10-4 centimeters per second (cm/sec) to 3.4 x 10-4 cm/sec. 

 
Boring sample lab tests and well test data from Dewey Lake Redbed wells and borings indicate that 

the Dewey Lake Redbeds are significantly finer grained, containing an average of 49% silt and finer 

particles (i.e., 200 sieve).  Hydraulic tests of monitoring wells completed in the Dewey Lake Redbeds 

indicate a saturated horizontal hydraulic conductivity ranging from 4.17 x 10-9 cm/sec to 1.33 x 10-6 

cm/sec. 

 
The site geotechnical boring and testing data indicates that an abrupt change in lithology occurs 

between the near-surface coarser-grained Santa Rosa Sandstone and the thick deposit of dense 

and relatively impermeable Dewey Lake Redbeds below. Prior to deposition of the Santa Rosa 

Sandstone, the Dewey Lake Redbeds were aerially exposed and incised by erosion.  The Santa 

Rosa Sandstone was then deposited on top of the Dewey Lake Redbeds, forming an erosional 

unconformity.  The unconformity between the Dewey Lake Redbeds and the Santa Rosa 

Sandstone is a significant impediment to vertical movement of water through the vadose zone and 

is an important hydrogeologic feature at the Facility.  

 
Findings of the site-specific characterization of the onsite soils at the Facility are consistent with 

other studies in the area.  The surface soils consist of colluvium and caliche materials, suited for 

specific environmental applications: 

• Subgrade – compactible in situ materials at basegrade elevations 
• PSL – protective soil layer 
• Daily and intermediate cover in ample quantities 
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• Vegetative layer – final cover establishment of erosion control 
• Caliche – ideal for temporary road base construction and permanent road subgrade 

 
The lower soils (Permian Dewey Lake Redbed shale and siltstone), horizons are effective aquitards 

to vertical flow and represent the selected positions for vadose monitoring points. 

 
3.3 Facility Geology 
The Lea Land site borings, as well as those drilled by various entities on adjacent tracts confirm that 

site conditions are consistent with understanding of shallow stratigraphy and hydrogeology in the 

area based upon information published by Nicholson and Clebsch (1961). Table IV.2.1 provides 

summary information on Lea Land SWMF and vicinity borings, water wells and mineral exploration 

wells, along with available information on water levels, stratigraphic intercepts and other pertinent 

information. Figure IV.2.4 is a map showing surface exposures of geologic units in the area. A 

vicinity hydrogeologic cross-section (Cross-Section A-A’) through the Lea Land SWMF was 

prepared using this information and is presented as Figure IV.2.7. 

 
A potash mineral exploration boring was drilled approximately 1.5 miles northeast of the Facility, 

north of US 62-180 and east of Laguna Toston (Well, USGS 20-F, Figure IV.2.6).  This well fully 

penetrated to the Permian Rustler Formation (depth 900 feet), the Permian Salado Formation 

(depth 1180 feet) and the potash-bearing section between 1239 feet and 1273 feet.  This log, due 

to its lithologic description detail and depth, is an important deep stratigraphic reference for the 

vicinity of the Lea Land site.  A copy of the log is included in Attachment IV.2.C.   

 
The ten site borings and five groundwater monitoring wells penetrated various thicknesses of 

alluvium and Santa Rosa Sandstone above the Dewey Lake Redbeds, ranging from 30 feet to 50 

feet. Shallow Santa Rosa Sandstone penetrated by the site borings was poorly graded fine and 

friable sandstone and intebedded shale.  The Dewey Lake Redbed deposits penetrated by all site 

borings was reddish brown to pink, dense siltstone, shale, with fine grained silty sandstone stringers. 

 
3.4 Facility Hydrogeology 
Shallow saturation is present in hydraulically tight, artesian zones within the Dewey Lake Redbeds 

at depths ranging from 173 to 198 feet bgs at the Facility.  The following is a summary of the 

stratigraphy beneath the Lea Land site. 
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3.4.1 Santa Rosa Sandstone  
The Santa Rosa Sandstone is thinly mantled by alluvium and laterally continuous across the Facility. 

Although this unit is a significant water-bearing zone further east in Lea County, the Santa Rosa 

Sandstone is dry and above saturation in the vicinity of the site. 

 
3.4.2 Shallow Saturation in the Dewey Lake Redbeds 

The monitoring wells completed in the Dewey Lake Redbeds at the Facility communicate with 

saturated zones that range in depth between 171.5 feet below grade to 188 feet below grade; and 

between 123.5 feet and 148 feet below the top of the Dewey Lake Redbeds.  The saturated zones 

are of low capacity, and are unable to sustain adequate water production for well purging prior to 

groundwater sample collection.  “Hydra Sleeve” sampling methods have been necessary to obtain 

water samples for prior groundwater sampling at the Facility.  Water levels in the completed 

monitoring wells at the Facility range from 22 feet to 51 feet above the levels where saturated 

conditions were noted during drilling, indicating confined conditions.   

 
A hydraulic test of Monitoring well MW-4 at the Facility was performed in February 1997 (Intera, 

1997).  This test indicated a saturated horizontal hydraulic conductance of 4.17 x 10-9 cm/sec and 

a storage coefficient of 3.71 x 10-9. 

 
A monitoring well installed by the BLM (BLM-21.31.3.22, Geohydrology, 1979) and located 

approximately one mile southeast of the Facility was completed in the Dewey Lake Redbeds and 

tested.  This well is shown in Figure IV.2.6 and information on the well is included in Table IV.2.1 

and Attachment IV.2.A.  Well BLM-21.31.3.22 penetrated a saturated zone at a depth of 150 feet 

below grade; the water level in the completed well was 140.81, or about 9 feet above the top of the 

saturated zone.  The well was pumped at a rate of 6.1 gallons per minute for approximately 120 

minutes, producing approximately 732 gallons and a water level decline of about 10.5 feet.  The 

water level recovered approximately 5 feet during the initial 240 minutes after pumping ceased.  

Although this well had some initial yield, water level recovery after pumping cessation was slow and 

incomplete, indicating that local storage had been depleted.  Analysis of the test data indicated a 

saturated horizontal hydraulic conductance of 1.33 x 10-6 cm/sec. 
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Another BLM monitoring well located approximately 1.5 miles west of the Facility (BLM-20.32.31.13, 

Geohydrology, 1979) was drilled with air rotary into the Dewey Lake Redbeds to a depth of 250 feet 

below grade, found no saturation, and was completed as a dry hole at the total drilled depth of 250 

feet on 11/8/1978.  A water level was sounded in the well at 135.12 feet below casing top on March 

15, 1979, indicating that the well penetrated hydraulically tight saturated zones at this location.  

Summary data on this well is included in Table IV.2.1 and a lithologic log of the well is included in 

Attachment IV.2.A. 

 
3.4.3 Shallow Alluvium 

It has been noted that thin and laterally discontinuous saturations are occasionally present in basal 

alluvium resting atop low permeability bedrock shales and dense sandstones in the region of the 

Lea Land SWMF.  None of the borings or monitoring wells drilled at the Lea Land site found 

evidence of saturation in basal alluvium, or in basal Santa Rosa Sandstone above the Dewey Lake 

Redbeds. 

 
3.4.4 Groundwater Occurrence and Movement 

Relationships between terrain, subsurface geology and shallow saturations are summarized in 

Hydrogeologic Cross-Section A-A’, presented as Figure IV.2.7.  The line of this cross-section is 

shown on the vicinity well location map in Figure IV.2.6.  Cross-Section A-A’ shows the Lea Land site 

location on the east-dipping outcrop of the Santa Rosa Sandstone east of Livingston Ridge, which is 

a west-facing escarpment created by ledge-forming sandstone beds in the Santa Rosa Sandstone.  

Groundwater monitoring wells installed at Lea Land penetrated 40 to 50 feet of dry Santa Rosa 

Sandstone and 123 to 148 feet of Dewey Lake Redbeds, before reaching saturation in the redbeds.  

Saturation zones in the redbeds are confined, with water levels in completed wells rising between 19 

and 48 feet above the observed saturation zones. 

 
Based on the change from more permeable sediments in the Santa Rosa Sandstone to hydraulically 

tight shale in the Dewey Lake Redbeds below, impedance to vertical fluid flow and potential for 

perched saturation exists at this contact.  No perched water was noted at the contact between the 

Dewey Lake Redbeds and the Santa Rosa Sandstone in any of the 10 soil borings or 5 groundwater 

monitoring wells that were drilled on the Lea Land site.  Due to the propensity for perched conditions 

to exist atop the Dewey Lake Redbeds, terrain of the upper surface of the redbeds is an important 

feature to consider in plans for monitoring shallow horizons for potential fugitive liquids from the 
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proposed waste disposal and management facilities (i.e., Vadose Zone Monitoring Plan, Volume II.9).  

A map illustrating elevation of the upper surface of the Dewey Lake Redbeds, as well as the location 

and base grade elevations of the proposed facility expansion is presented in Figure IV.2.8.  This map 

indicates that the upper redbed surface slopes east-northeasterly at the facility at a gradient of 

approximately 50 feet per mile.  The excavation for the proposed facility expansion reaches a depth 

of approximately 50 feet in its northeastern extremity, having a minimum base grade elevation of 3490 

feet above mean sea level (msl).  This is within about 5 feet of the projected top of the redbed elevation 

of approximately 3485 feet above msl. 

 
A regional gradient map was prepared pursuant to a groundwater study of the Carlsbad Potash Mining 

District commissioned by the BLM in 1979 (Geohydrology, 1979).  A copy of this map is presented as 

Figure IV.2.9.  This map indicates that the shallow gradient is toward the south-southwest at the Lea 

Land SWMF and has a gradient of approximately 30 feet per mile.  A vicinity potentiometric gradient 

map, Figure IV.2.10, was prepared using water level data from the Lea Land monitoring wells, as well 

as monitoring wells at the R-360 facility located approximately one mile to the northeast, and two of 

the BLM potash study groundwater monitoring wells. This map indicates that gradient direction is 

southwest at a gradient of approximately 75 feet per mile.  Relatively steep groundwater gradient at 

the Lea Land site is indicative of low hydraulic conductance in the shallow saturation zone beneath 

the site. 

 
 
4.0 REGULATORY SITING REQUIREMENTS 
This section addresses regulatory requirements for basic hydrogeologic site data, as well as for 

demonstration of compliance with siting requirements relative to minimum depth to groundwater, 

as follows: 
19.15.36.8.C.15 NMAC  

(a) a map showing names and locations of streams, springs and other watercourses and 
water wells within one mile of the site; 

(b) laboratory analyses, performed by an independent commercial laboratory, for major 
cations, and anions; BTEX;, RCRA metals; and TDS of groundwater samples of the 
shallowest fresh water aquifer beneath the proposed site; 

(c) depth to, formation name, type and thickness of the shallowest fresh water aquifer; 
(d) soil types beneath the proposed surface waste management facility; including a 

lithologic description of soil and rock members from ground surface down to the top 
of the shallowest fresh water aquifer; 

(e) geologic cross sections; 
(f) potentiometric maps for the shallowest fresh water aquifer; 
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19.15.36.13.A(1) NMAC  

Depth to groundwater: no landfill shall be located where groundwater is less than 100 
feet below the lowest elevation of the design depth at which the operator will place oil 
field waste. 

 
4.1 Streams, Springs, Watercourses and Water Wells Within One Mile of the Site 
The map in Figure IV.2.12 shows terrain, wells and drainages, as well as the region within a one 

mile radius of the Facility. No perennial or ephemeral streams or springs are present within one mile 

of the proposed Lea Land SWMF. There are no water wells within one mile of the proposed Lea 

Land SWMF. Locations of groundwater monitoring wells in the vicinity of the Lea Land SWMF are 

shown in Figure IV.2.6; a summary of vicinity wells is also included in Table IV.2.1. 

 
4.2 Laboratory Analyses of Shallow Groundwater Samples 
Groundwater samples were collected from Lea Land groundwater monitoring wells MW-2, MW-4 

and MW-5, completed in the Dewey Lake Redbeds at the Lea Land SWMF on March 19, 2010 and 

on June 13, 2018. Laboratory analyses for analytes set forth in 19.15.36.8.C.15(b) indicate that the 

water is of moderately good quality, having a total dissolved solids (TDS) ranging from 778 

milligrams per liter (mg/L) to 818 mg/L; and meeting all tested groundwater protection standards 

except selenium, which is regarded as a natural constituent, and was detected in upgradient and 

downgradient wells in similar concentrations.  Available analytical data from all tests is included in 

Table IV.2.2, along with summary data from other nearby wells tested by BLM in 1979. Copies of 

laboratory reports for tests listed in Table IV.2.2 are included in Attachment IV.2.G.  

 
4.3 Depth, Formation Name, Type and Thickness of the Shallowest Fresh Water Aquifer 
The shallowest fresh saturated zones at the Lea Land SWMF are present in hydraulically tight and 

confined zones within the Dewey Lake Redbeds. Several monitoring wells in the vicinity of the 

Facility were completed in the Dewey Lake Redbeds by the BLM (Geohydrology Associates, 1979).  

Depth to the shallowest saturated zones in the Dewey Lake Redbeds at the Facility is projected to 

range from 178 feet to 188 feet below grade.  The shallow saturated zones are vertically limited to 

likely no more than a few feet or inches; similar zones are expected at deeper horizons within the 

Dewey Lake Redbeds.  Hydraulic testing of monitoring wells completed in the Dewey Lake Redbeds 

at the Lea Land site and other nearby wells indicates that the Dewey Lake Redbed zones do not 

produce economically viable quantities of water. 
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4.4 Lithology of Stratigraphic Units Above the Dewey Lake Redbeds at the Facility 
Stratigraphic units which are above the Dewey Lake Redbeds at the site include the Santa Rosa 

Sandstone and veneers of Quaternary colluvium deposits. Site characterization borings drilled on 

the Lea Land site penetrated fine silty sands with calcrete (caliche) zones in the alluvial section. 

The site borings penetrated interbedded fine grained dense red sandstone and siltstone bedrock in 

the Santa Rosa Sandstone section at depths ranging from 30 to 50 feet bgs.  

 
4.5 Geologic Cross-Sections 
A hydrogeologic cross-section depicting stratigraphy and geometry of the Alluvium, the Santa Rosa 

Sandstone, the Dewey Lake Redbeds potentiometric surface is included in Figure IV.2.7. This 

diagram indicates that the depth to the top of the Dewey Lake Redbeds at the Lea Land SWMF is 

projected to be 30 to 50 feet bgs; the depth to the saturated zones in the Dewey Lake Redbeds is 

approximately 175 feet.  

 
4.6 Potentiometric Surface of Shallow Saturations 
A regional potentiometric surface map was prepared using water level data from numerous wells 

completed in shallow geologic units in the Carlsbad potash mining district (Geohydrology, 1979) 

and is presented in Figure IV.2.9.  This map indicates that regional gradient direction is 

southwesterly at a magnitude of about 30 feet per mile.  A local vicinity potentiometric gradient map 

was prepared using combined water level data from the Lea Land onsite groundwater monitoring 

wells, as well as the CRI Facility monitoring wells, and the BLM wells and is shown in Figure IV.2.10.  

This map indicates that gradient direction is southwest at approximately 75 feet per mile.   

 
4.7 Depth to Shallow Fresh Groundwater 
Well logs and water level data from the onsite groundwater monitoring wells at the site indicate that 

the shallowest saturated zones at Lea Land are present in hydraulically tight and confined zones in 

the Dewey Lake Redbeds below the Santa Rosa Sandstone at projected depths of approximately 

175 feet below-grade at the site. 

 
Data from the Lea Land site characterization borings and monitoring wells indicates that no 

saturation is present in alluvial veneers, or in Santa Rosa Sandstone, which is laterally continuous 

across the site and varies in thicknesses from 30 ft to 50 ft. 
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5.0 CONCLUSIONS 
Regional, vicinity and site characterization boring and testing data indicates that the shallowest 

saturated zones beneath the Lea Land SWMF are within hydraulically tight shale beds of the Dewey 

Lake Redbeds, at a depth are approximately 175 ft bgs and more than 100 ft below the projected 

base grade elevations. Water within these beds is under confined conditions. Small non-sustainable 

quantities of water are present in saturated zones penetrated by the groundwater monitoring wells 

at the Facility.  These saturated zones are not regarded to be protectable as resources as defined 

by the Oil and Gas Rules. 

 
19.15.2.7.G.(10) NMAC  

“Ground water” means interstitial water that occurs in saturated earth material and can 
enter a well in sufficient amounts to be used as a water supply. 

 
Due to the depth of the saturated zones within the Dewey Lake Redbeds and the fact that they are 

generally under confined conditions, a potential release from the Lea Land SWMF would not be 

expected to migrate readily into these confined saturated zones through the 124-148 feet of 

overlying Dewey Lake redbed deposits. Therefore, groundwater monitoring wells completed in the 

shallow saturated zones in the Dewey Lake Redbeds at the Lea Land SWMF would not be expected 

to provide a high level of environmental protection as sentinel wells. 

 
Based upon shallow stratigraphy at the site, as well as the geometry of the proposed waste disposal 

cells, it is concluded that vadose zone monitoring wells completed to communicate with more 

permeable basal Santa Rosa Sandstone sediments at the contact with underlying dense shale in 

the Dewey Lake Redbeds would provide the most effective early leak detection system and the 

greatest level of environmental protection for the site.  These wells would be placed strategically at 

the downgradient east side of the Facility to optimize detection of potentially fugitive fluids. 

 
This site has the advantage that the local subsurface conditions have been significantly 

characterized during subsurface investigations conducted at the Facility, as well as the CRI site and 

the 1979 BLM potash study monitoring well installation and testing. No additional reconnaissance 

drilling is recommended to augment the hydrogeologic or geotechnical database; however 

emergent subsurface data that is obtained during installations of proposed vadose zone monitoring 

wells be used to update subsurface mapping and adjust well locations as appropriate. Detailed logs 

will be prepared for the four proposed vadose zone monitoring wells (see Volume II.9, Vadose Zone 
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Monitoring Plan) and will be provided to OCD. OCD will be notified of the proposed well installation 

program in advance and invited to observe. 
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TABLES 
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LAND SWMF 
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Well or Boring Latitude Longitude Owner Completion 
Date

1LS Elev 
(ft)

Water 
Bearing

Zone

Top 
Casing 
Elev (ft)

Depth (ft)

WL (ft) 
Below 

Top 
Casing

WL (ft) 
Below 
Land 

Surface

WL Date

WL Elev 
(ft) 

above 
MSL

Top Screen 
Elev (ft) 

Above MSL

Bottom 
Screen 
Elev (ft) 
Above 
MSL

Depth to 
Top of 
Water-

Bearing 
Zone (ft)

Depth to 
Top of Pdl 

Dewey 
Lake 

Redbed (ft)

Elev Top of 
Pdl Dewey 

Lake 
Redbeds 

(ft)

Source of Data

Lea Land Facility Groundwater Monitoring Wells
MW-1 32.522613 -103.78581 Lea Land Jun-96 3543.79 Pdl 3546.29 215.0 163.73 6/17/2014 3382.56 3361 3329 183 50 3493.79 LL Permit Doc, GW Monitoring Reports
MW-2 32.533437 -103.78285 Lea Land Jun-96 3517.70 Pdl 3520.20 220.0 139.74 6/17/2014 3380.46 3330 3298 188 40 3477.70 LL Permit Doc, GW Monitoring Reports
MW-3 32.533989 -103.78099 Lea Land Jun-96 3516.46 Pdl 3518.96 214.0 134.61 6/17/2014 3384.35 3335 3303 182 50 3466.46 LL Permit Doc, GW Monitoring Reports
MW-4 32.531736 -103.78001 Lea Land Jun-96 3517.71 Pdl 3520.21 203.5 141.06 6/17/2014 3379.15 3347 3315 171.5 48 3469.71 LL Permit Doc, GW Monitoring Reports
MW-5 32.525402 -103.78000 Lea Land Jun-97 3523.03 Pdl 3525.53 210.0 152.53 6/17/2014 3373.00 3346 3314 178 30 3493.03 LL Permit Doc, GW Monitoring Reports

Lea Land Facility Soil Borings
B-1 32.535111 -103.780339 Lea Land 11/8/1993 3515.5 Pdl not cased 126 125 3390.50 60 3455.5 Lea Land Boring Logs-Permit Document
B-2 32.533001 -103.783891 Lea Land 11/8/1993 3516.6 dry not cased 155 dry 45 3471.6 Lea Land Boring Logs-Permit Document
B-3 32.531446 -103.787568 Lea Land 11/8/1993 3519.2 dry not cased 150.0 dry 45 3474.2 Lea Land Boring Logs-Permit Document
B-4 32.531098 -103.780226 Lea Land 11/8/1993 3517.3 dry not cased 148.0 dry 45 3472.3 Lea Land Boring Logs-Permit Document
B-5 32.530447 -103.783806 Lea Land 11/8/1993 3519.5 Pdl not cased 201.0 199 3320.50 45 3474.5 Lea Land Boring Logs-Permit Document
B-6 32.527602 -103.780036 Lea Land 11/8/1993 3520.9 dry not cased 165.0 dry 30 3490.9 Lea Land Boring Logs-Permit Document
B-7 32.527902 -103.783752 Lea Land 11/8/1993 3524.4 dry not cased 184 dry 35 3489.4 Lea Land Boring Logs-Permit Document
B-8 32.526431 -103.787421 Lea Land 11/8/1993 3536.4 dry not cased 166 dry 95 3441.4 Lea Land Boring Logs-Permit Document
B-9 32.525223 -103.783718 Lea Land 11/8/1993 3530.1 dry not cased 160 dry 75 3455.1 Lea Land Boring Logs-Permit Document

B-10 32.524025 -103.779907 Lea Land 11/8/1993 3548.2 dry not cased 178 dry 50 3498.2 Lea Land Boring Logs-Permit Document
Controlled Recovery Inc. Monitoring Wells

P-1 32.540629 -103.745681 CRI 10/31/1989 3553 dry 3554.9 97.95 dry 3/7/2002 45 3508 Safety-Environmental Solutions 2003
P-2 32.544247 -103.745751 CRI 10/31/1989 3546 dry 3556.6 59.28 dry 3/7/2002 40 3506 Safety-Environmental Solutions 2003
P-3 32.545867 -103.750232 CRI 10/31/1989 3542 Qal 3543.4 46.8 31.98 3/7/2002 3511.4 40 3502 Safety-Environmental Solutions 2003
P-4 32.542550 -103.751759 CRI 10/31/1989 3550 Qal 3551.2 58.6 39.01 3/7/2002 3512.2 50 3500 Safety-Environmental Solutions 2003
P-5 32.545331 -103.756278 CRI 10/31/1989 3539 Qal 3541.0 48.57 18.85 3/7/2002 3522.2 50 3489 Safety-Environmental Solutions 2003
P-6 32.547877 -103.760023 CRI 10/31/1989 3529 Qal 3531.8 50.21 18.00 3/7/2002 3513.8 40 3489 Safety-Environmental Solutions 2003
P-7 32.542377 -103.759548 CRI 10/31/1989 3541 Qal 3543.7 42.04 17.74 3/7/2002 3526.0 35 3506 Safety-Environmental Solutions 2003

P-1A 32.551305 -103.762889 CRI 1/26/1990 3519 Qal 3522.9 31.26 11.86 3/7/2002 3511.0 30 3489 Safety-Environmental Solutions 2003
P-2A 32.558896 -103.75490 CRI 1/26/1990 3527 Qal 3529.3 47.41 37.14 3/7/2002 3492.2 45 3482 Safety-Environmental Solutions 2003
P-3A 32.545635 -103.76645 CRI 1/26/1990 3522 Qal 3526.1 55.45 12.94 3/7/2002 3513.2 3482 3467 50 3472 Safety-Environmental Solutions 2003

BLM 1978 Potash Environmental Study Wells
BLM 20.32.17.13 32.575143 -103.79470 BLM 11/8/1978 3460.5 Qplaya 3450.35 100 9.90 3/15/1979 3440.45 20 40 18 35 3425.5 Geohydrology 1979
BLM 20.32.22.33 32.553150 -103.76076 BLM 11/8/1978 3527 Tr undiff 3512.52 170 29.65 3/15/1979 3482.87 150 179 35 30 3497.0 Geohydrology 1979
BLM 20.32.31.13 32.531335 -103.81209 BLM 11/8/1978 3553 Pdl 3549.95 250 135.12 3/15/1979 3414.83 240 250 unknown 23 3530.0 Geohydrology 1979
BLM 21.31.3.22 32.520657 -103.75978 BLM 11/9/1978 3523 Pdl 3519.59 200 140.81 3/15/1979 3378.78 140 160 150 30 3493.0 Geohydrology 1979

NMBM GW-6
20.32.18.233 32.573908 -103.804859 Freeport 1954 3450 Tr 400 89.2 3/24/1954 3360.8 WBZ 215-243 ft Nicholson-Clebsch, 1961
20.32.27.144 32.544000 -103.756733 Joel Frey 3545 Qal 25 12.3 6/11/1954 3532.7 Nicholson-Clebsch, 1961
20.32.30.142 32.546506 -103.806406 3530 Pdl 9.9 6/11/1954 3520.1 Nicholson-Clebsch, 1961

NMOSE Permitted Water Wells and Monitoring Wells
CP-00368 32.533577 -103.81851 Ballard-Bonfield 6/9/1966 3573 not cased 303 dry not cased 9 3564 NMOSE WATERS DATABASE
CP-00370 32.535000 -103.82900 Ballard-Bonfield 7/14/1966 3549 not cased 120 80 7/14/1966 not cased 80 3469 NMOSE WATERS DATABASE

C-02953 EXPL 32.481000 -103.79000 DOE WIPP 4/7/2004 3500 630 NMOSE WATERS DATABASE
C-03233 EXPLORE 32.458000 -103.79300 DOE WIPP 6/19/2006 3349 566 NMOSE WATERS DATABASE

C-03151 32.491000 -103.71100 DOE WIPP 8/23/2005 3433 1352 NMOSE WATERS DATABASE
C-02727 32.440000 -103.79000 DOE WIPP 8/27/2000 3440 Pr 913 NMOSE WATERS DATABASE

Mineral Exploration Wells
USGS 20-F 32.54044 -103.758712 FM Coop. 3/6/1953 3532 not cased 1273 40 3492.0 Mineral Expl Hole
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TABLE IV.2.1 - Summary Data from Wells and Borings in the Vicinity of the Lea Land SWMF
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NMWQCC 
Standard 100 1.0 -- -- -- 25 5 100 -- 5 100 -- 100 5 5 5 5 -- -- 5 -- 5 -- 100 -- 10 75 600

Lea Land Monitoring Wells Completed in Dewey Lake Redbeds
Well Location Sample Date

Lea Land MW-2 6/13/18 <0.2 <0.1 <0.3 <0.2 <0.1 <0.2 <0.09 <0.2 <0.1 <0.2 <0.1 <0.1 <0.1 <0.1 <0.2 <0.2 <0.1 <0.1 <0.08 <0.03 <0.08 <0.1 <0.1 <0.1 <0.2 <0.2 <0.1 <0.1
Lea Land MW-4 6/13/18 <0.2 <0.1 <0.3 <0.2 <0.1 <0.2 <0.09 <0.2 <0.1 <0.2 <0.1 <0.1 <0.1 <0.1 <0.2 <0.2 <0.1 <0.1 <0.08 <0.03 <0.08 <0.1 <0.1 <0.1 <0.2 <0.2 <0.1 <0.1
Lea Land MW-5 6/13/18 <0.2 <0.1 <0.3 <0.2 <0.1 <0.2 <0.09 <0.2 <0.1 <0.2 <0.1 <0.1 <0.1 <0.1 <0.2 <0.2 <0.1 <0.1 <0.08 <0.03 <0.08 <0.1 <0.1 <0.1 <0.2 <0.2 <0.1 <0.1

Lab Method 350.1 160.1 5310C 120.1 150.1 1 1 1
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NMWQCC 
Standard 250 10.0 -- 10.0 600 -- 1,000 -- 1.0 -- 0.2 -- -- -- -- -- -- -- 6-9 0.01 1.0 0.01 0.05 0.05 0.0020 0.05 0.05 0.05

Lea Land Monitoring Wells Completed in Dewey Lake Redbeds
Well Location Sample Date

6/13/18 79.8 3.36 3.36 <0.02 462 0.09 818 50.6 <0.05 40.1 <0.02 5.33 224 205 <1.0 168 1.36 1510 7.72
3/19/10 <0.005 0.033 <0.00209 0.0030 <0.005 <0.0002 0.069 <0.005

Lea Land MW-3 3/19/10 <0.005 0.017 <0.00209 <0.005 <0.005 <0.0002 0.075 <0.005

6/13/18 62.5 3.32 3.32 <0.02 361 0.05 778 48.4 <0.05 43.2 <0.02 4.92 170 190 <1.0 156 <0.05 1280 7.74
3/19/10 <0.005 0.025 <0.00209 0.004 <0.005 <0.0002 0.087 <0.005

6/13/18 54.0 3.15 3.15 <0.02 412 0.07 886 58.6 <0.05 42.0 <0.02 4.14 176 224 <1.0 184 0.501 886 7.70
3/19/10 <0.005 0.023 <0.00209 <0.005 <0.005 <0.0002 0.068 <0.005

BLM 1979 Potash Area Groundwater Monitoring Wells Completed in Dewey Lake Redbeds
1BLM 20.32.22.33 Jan 1979 75.0 550 3136 105 0.3 <0.02 <0.02

1BLM 21.31.3.22 Jan 1979 18.0 20.0 424.0 19.9 <0.05 <0.02 <0.02
Notes:
All units are milligrams per liter (mg/L) except conductivity (micromhos/cm 3 ) and pH (standard units).
1 Methods undetermined

Lea Land LLC Surface Waste Management Facility
Application for Permit Modification

Volume IV:  Siting and Hydrogeology
Section 2:  Hydrogeology

June 2019

TABLE IV.2.2 - Water Quality Data Summary

Lea Land MW-2

Lea Land MW-4

Lea Land MW-5

Volatile Organic Compounds
EPA Method 8260B  -  (all units in micrograms per liter)

Inorganic Compounds
All units are milligrams per liter (mg/L) except conductivity (micromhos/cm3) and pH (standard units).

300.0 200.7 310.1 6010B



No. 40 No. 200 Liquid 
Limit

Plasticity 
Index

Tests of Borehole Media from Santa Rosa Sandstone and Alluvial Veneers
B-1 5 6 STEC 11/8/1993 SM 71.6% 32.4% NP NP 100 10-3 to 10-6
B-1 35 36 STEC 11/8/1993 SM 67.8% 23.4% NP NP 100 10-3 to 10-6
B-1 45 46 STEC 11/8/1993 SM 82.2% 38.6% NP NP 24 10-3 to 10-6
B-2 10 11 STEC 11/8/1993 SM 90.9% 30.4% NP NP 17 10-3 to 10-6
B-2 25 26 STEC 11/8/1993 SM 82.2% 38.5% NP NP 24 10-3 to 10-6
B-3 15 16 STEC 11/8/1993 SM 93.6% 30.5% 28 NP 8 10-3 to 10-6
B-4 40 41 STEC 11/8/1993 SM 90.2% 38.0% NP NP 18 10-3 to 10-6
B-5 35 36 STEC 11/8/1993 SM 89.9% 35.1% NP NP 18 10-3 to 10-6
B-7 25 26 STEC 11/8/1993 SM 59.0% 19.1% NP NP 77 10-3 to 10-6
B-8 0 1 STEC 11/8/1993 CL 85.4% 54.4% NP NP 4 10-6 to 10-8
B-8 5 6 STEC 11/8/1993 SM 69.7% 33.4% 29 NP 77 10-3 to 10-6
B-8 15 16 STEC 11/8/1993 SM 59.0% 19.1% NP NP 77 10-3 to 10-6
B-8 85 86 STEC 11/8/1993 SM 95.4% 30.5% NP NP 18 10-3 to 10-6
B-9 0 1 STEC 11/8/1993 ML 97.8% 53.9% 24 NP 5 10-3 to 10-6
B-9 30 31 STEC 11/8/1993 SM 71.6% 32.4% NP NP 100 10-3 to 10-6
B-9 35 36 STEC 11/8/1993 SM 93.6% 30.5% 28 NP 8 10-3 to 10-6
B-9 50 51 STEC 11/8/1993 SM 95.4% 30.5% NP NP 18 10-3 to 10-6
B-10 10 11 STEC 11/8/1993 SM 69.7% 33.4% 29 NP 77 10-3 to 10-6
B-10 15 16 STEC 11/8/1993 SM 83.3% 37.8% NP NP 40 10-3 to 10-6

Tests of Borrow Material Samples (Santa Rosa Sandstone and Alluvial Materials)
Onsite Stockpile Soil 1 DBSA 7/19/2016 3.40E-04 N/A

Onsite Stockpile Soil 2 DBSA 7/19/2016 1.40E-04 N/A
33.8%

Note:
1 Permeability range estimates from Engineering document FM-5-47/NAVFAC MO 330/AFJMAN 32-1221(1)

Ksat, (cm/sec) 
[Constant Head] 

Ksat, (cm/sec) 
[Falling Head]

Atterberg Limits
Carbonate 

%

Lea Land LLC Surface Waste Management Facility
Application for Permit Modification

Volume IV:  Siting and Hydrogeology
Section 2:  Hydrogeology

June 2019

TABLE IV.2.3 - Soil Laboratory Analysis Summary

Boring, Well or Source
Depth Top Sample 

(Top Tested 
Interval)

Depth Bottom 
Sample (Bottom 
Tested Interval)

Work 
Completed By Date USCS

Sieve - % Passing

(Page 1 of 3)

1Permeability 
Range Based on 
Texture (cm/sec)



No. 40 No. 200 Liquid 
Limit

Plasticity 
Index

Tests of Borehole Media from Dewey Lake Redbeds
B-1 75 76 STEC 11/8/1993 CL 85.4% 54.4% 25 8 4 10-6 to 10-8
B-1 90 91 STEC 11/8/1993 SC 78.9% 49.2% 31 14 19 10-6 to 10-8
B-2 65 66 STEC 11/8/1993 CL 85.4% 54.4% 25 8 4 10-6 to 10-8
B-4 50 51 STEC 11/8/1993 SM 92.3% 40.9% NP NP 16 10-3 to 10-6
B-4 140 141 STEC 11/8/1993 SC 78.9% 49.2% 31 14 19 10-6 to 10-8
B-6 30 31 STEC 11/8/1993 CL 96.5% 73.8% 27 11 27 10-6 to 10-8
B-6 40 41 STEC 11/8/1993 SM 83.3% 37.8% NP NP 40 10-3 to 10-6
B-6 55 56 STEC 11/8/1993 SM 90.0% 30.4% NP NP 17 10-3 to 10-6
B-6 110 111 STEC 11/8/1993 SM 90.2% 38.0% NP NP 18 10-3 to 10-6
B-8 105 106 STEC 11/8/1993 ML 97.8% 53.9% 24 NP 5 10-3 to 10-6
B-8 120 121 STEC 11/8/1993 ML 97.8% 53.9% 24 NP 5 10-3 to 10-6
B-9 65 66 STEC 11/8/1993 SM 85.9% 28.6% NP NP 24 10-3 to 10-6

B-10 60 61 STEC 11/8/1993 SM 92.3% 40.9% NP NP 18 10-3 to 10-6
B-10 70 71 STEC 11/8/1993 CL 96.5% 73.8% 27 11 27 10-6 to 10-8

Insitu Tests of Wells Completed in the Dewey Lake Redbeds
Lea Land MW-4 170 203 Intera 2/27/1997 4.17E-09 3.71E-09 Slug test

BLM 20.32.22.33 150 179 Geohydrology 11/8/1978 3.15E-07 Pump Test

BLM 21.31.3.22 140 160 Geohydrology 11/8/1978 1.33E-06 Pump Test
48.5%

Note:
1 Permeability range estimates from Engineering document FM-5-47/NAVFAC MO 330/AFJMAN 32-1221(1)

Atterberg Limits
Carbonate 

%

Lea Land LLC Surface Waste Management Facility
Application for Permit Modification

Volume IV:  Siting and Hydrogeology
Section 2:  Hydrogeology

June 2019

TABLE IV.2.3 - Soil Laboratory Analysis Summary

Boring, Well or Source
Depth Top Sample 

(Top Tested 
Interval)

Depth Bottom 
Sample (Bottom 
Tested Interval)

Work 
Completed By Date USCS

Sieve - % Passing

(Page 2 of 3)

Comments
1Permeability 

Range Based on 
Texture (cm/sec)

Ksat (cm/sec)  
(Horizotal)

Coefficient of 
Storage 

(dimensoinless)



No. 200 Liquid 
Limit

Plastic 
Limit

Plasticity 
Index

Dry Density % 
Maximum

Moisture Content 
%

Tests of Proposed Cover Samples for Municipal Cell Closure  (Santa Rosa Sandstone and Alluvial Materials)

Sample 1.0 DBS&A 8/7/20014 SC 45.8% 116.12 13.9 28 18 10 80.5% 13.5% 4.4E-03 4.1E-03 326 0.84 44.8

Sample 1.1 DBS&A 8/7/20014 SC 116.12 13.9 95.2% 17.4% 5.7E-07 5.3E-07 34.7

Sample 2.0 DBS&A 8/7/20014 SC 42.8% 117.99 12.7 28 17 11 80.4% 12.3% 4.1E-03 3.8E-03 205 0.48 44.3

Sample 2.0 DBS&A 8/7/20014 SC 117.99 12.7 95.3% 15.7% 3.0E-06 2.7E-06 33.9

Sample 3.0 DBS&A 8/7/20014 SC 44.4% 114.87 14.0 27 17 10 80.1% 13.7% 6.6E-03 6.1E-03 183 0.43 45.8

Sample 3.1 DBS&A 8/7/20014 SC 114.87 14.0 94.8% 17.4% 3.9E-06 3.5E-06 35.9

Sample 4.0 DBS&A 8/7/20014 SC 43.4% 114.87 14.0 28 17 11 80.3% 13.5% 4.9E-03 4.6E-03 211 0.39 45.5

Sample 4.1 DBS&A 8/7/20014 SC 114.87 14.0 95.1% 17.0% 1.0E-06 9.4E-07 35.5

Sample 5.0 DBS&A 8/7/20014 SC 48.4% 114.87 13.6 30 18 12 80.0% 13.0% 4.4E-03 4.1E-03 176 0.21 45.2

Sample 5.1 DBS&A 8/7/20014 SC 114.87 13.6 95.2% 16.3% 1.1E-06 1.0E-06 34.8

Sample 6.0 DBS&A 8/7/20014 SC 45.2% 115.49 13.6 29 19 10 80.0% 13.4% 5.2E-03 4.7E-03 195 0.23 45.6

Sample 6.1 DBS&A 8/7/20014 SC 115.49 13.6 94.9% 16.8% 8.2E-07 7.5E-07 35.4

Sample 7.0 DBS&A 8/7/20014 SC 43.7% 114.24 13.4 27 16 11 79.9% 12.9% 6.0E-03 5.6E-03 190 0.32 45.8

Sample 7.1 DBS&A 8/7/20014 SC 114.24 13.4 95.1% 16.4% 5.6E-06 5.3E-06 35.4

Sample 8.0 DBS&A 8/7/20014 SC 47.0% 115.49 14.4 30 18 12 80.1% 13.8% 5.3E-03 5.0E-03 184 0.13 45.2

Sample 8.1 DBS&A 8/7/20014 SC 115.49 14.4 95.3% 17.1% 4.4E-07 6.4E-07 34.8

Sample 9.0 DBS&A 8/7/20014 SC 44.8% 115.49 14.1 28 18 10 80.0% 13.8% 7.8E-03 7.4E-03 170 0.40 45.2

Sample 9.1 DBS&A 8/7/20014 SC 115.49 14.1 95.2% 16.8% 1.4E-06 1.3E-06 34.9

Sample 10.0 DBS&A 8/7/20014 SC 44.5% 114.24 14.3 29 17 12 80.1% 13.8% 7.5E-03 7.0E-03 214 0.52 45.9

Sample 10.1 DBS&A 8/7/20014 SC 114.24 14.3 94.9% 17.2% 1.3E-06 1.2E-06 35.8

Note:
1 Permeability range estimates from Engineering document FM-5-47/NAVFAC MO 330/AFJMAN 32-1221(1)

Max 
Density 

(pcf)

Optimum 
Moisture (%)

Atterberg Limits

Cc

ASTM D-2922
Ksat, (cm/sec) 

[Constant Head] 
Ksat, (cm/sec) 
[Falling Head]

Ksat, (cm/sec) 
(Corrected) 

[Constant Head]

Lea Land LLC Surface Waste Management Facility
Application for Permit Modification

Volume IV:  Siting and Hydrogeology
Section 2:  Hydrogeology

June 2019

TABLE IV.2.3 - Soil Laboratory Analysis Summary

Boring, Well or Source Work 
Completed By Date USCS

Sieve - % 
Passing

(Page 3 of 3)

Ksat, (cm/sec) 
(Corrected) 

[Falling Head]
Cu Calculated 

Porosity (%)
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ATTACHMENT IV.2.A 
WELL LOGS AND INFORMATION ON BLM 1979 POTASH STUDY  
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WELL LOGS AND INFORMATION ON CRI FACILITY INVESTIGATIONS 
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ATTACHMENT IV.2.C  
WELL LOG ON 1953 USGS POTASH EXPLORATORY COREHOLE 
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ATTACHMENT IV.2.D  
GEOTECHNICAL BOREHOLE LOGS, LEA LAND SITE INVESTIGATION   
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ATTACHMENT IV.2.E  
GROUNDWATER MONITORING WELL LOGS, LEA LAND SITE 
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ATTACHMENT IV.2.F 
NMOSE WELL RECORDS FOR NEARBY PERMITTED WELLS 
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ATTACHMENT IV.2.G 
GROUNDWATER SAMPLE LAB ANALYTICAL REPORT, LEA LAND SITE  

2010 AND 2018 MONITORING EVENTS  





























































APPENDIX 2 

SUMMARY OF PARAMETER LIST CONSTITUENTS 

Notes: 
1. Only the constituents are currently included in the required suite are included. 
2. The volatile organic compounds are not included because there have only been a limited 

number of detects that are discussed in the text.  



APPENDIX 2 - SUMMARY OF HISTORICAL GROUNDWATER DATA 

July 2018 1/3 

MW-2 SUMMARY OF APPLICABLE ANALYTICAL DATA

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

All units mg/l except SC (umhos/cm) and pH (pH units)     TDS = total dissolved solids;     SC = specific conductance;       
NR = LLI no longer required to sample for this constituent; J = estimated value 

 

Ammonia-N Calcium Chloride Carbonate Bicarbonate Iron Magnesium Manganese 

09/17/97 <0.01 95 92 <10 210 0.0092 87 <0.005 
03/23/98 <0.05 80 89 <10 150 <0.005 90 0.008 
03/15/00 <0.5 101 120 0 134 0.1 77 0.1 
07/11/01 <0.1 99.2 132 0 146 0.412 75.6 <0.05 
12/04/01 <0.1 54.6 135  138 <0.150 49 <0.0125 
04/19/04 <0.10 99.6 134  135 <0.10 76.7 0.0326 
01/14/10    <1 210    

03/19/10 0.868J 110 135 <1.00 160 1.07 80.7 0.044 
12/20/10 <1 88 113 <1 120 0.147 68 <0.005 
06/29/11 1.54 84.4 130 <1.00 110 0.135 64.1 <0.00269 
12/08/11 1.4 79.8 115 40 70 0.239 60.6 <0.00269 
06/25/12 <1 92.4 109 J <1 115 1.38 69.5 0.01 
12/18/12 <0.443 96.2 111 <1.00 159 2.09 70.9 0.026 
06/25/13 0.42 131 <1 129 1.29 65.5 0.009  

06/17/14 12.6 73.4 102 <20 115 0.0593 56.4 <0.00201 
06/17/15 <1 63.7 71.4 <20 148 0.148 45.2 0.008 
06/13/16 <0.535 68 101 <20 160 0.011 53.5 0.003 
06/27/17 <0.0500 54.8 84.3 <1.00 215 <0.203 45.1 <0.132 
06/13/18 0.09 50.6 79.8 <1.00 205 <0.050 40.1 <0.020 

         
 Nitrate Potassium Sodium Sulfate TDS SC pH  

09/17/97 0.84 5.2 300 950 1700 2300   
03/23/98 0.91 5.8 1900 1000 1700 2600   
03/15/00 2.6 6 275 870 1670 2390   
07/11/01 2.53 7.05 1018 521 1686 2036   
12/04/01 2.62 7.2 5630 935 1560    
04/19/04 2.8 6.49 277 850 1600 2190   
01/14/10         
03/19/10 2.74 9.97 289 816 1590 1790 7.71  
12/20/10 2.57 9 300 776 1626 2160 7.75  
06/29/11 2.90 7.04 289 828 1524 2180 7.36  
12/08/11 2.2 6.85 263 676 1568 2230 7.42  
06/25/12 2.41 9.42 318 787 1488 2260 7.45  
12/18/12 2.47 7.24 312 960 1472 2200 7.50  
06/25/13 2.49 5.49 308 761 1352 2230 7.58  

06/17/14 2.96 5.73 288 708 1380 2020 8.39  
06/17/15 2.88 5.09 280 614 1290 1840 7.97  
06/13/16 3.01 5.62 290 639 1220 1780 7.93  
06/27/17 3.06 5.02 258 537 1110 1560 7.71  
06/13/18 3.36 5.33 224 462 818 1510 7.72  



APPENDIX 2 - SUMMARY OF HISTORICAL GROUNDWATER DATA 

July 2018 2/3 

MW-4 SUMMARY OF APPLICABLE ANALYTICAL DATA

Ammonia-N Calcium Chloride Carbonate Bicarbonate Iron Magnesium Manganese 
09/17/97 0.013 50 54 <10 210 0.008 41 <0.005 
03/23/98 <0.05 42 50 <10 130 0.045 37 <0.005 
03/15/00 <0.5 50 65 0 138 <0.1 45 <0.03 
07/11/01 <0.1 48.4 72 0 178 0.31 43.1 <0.05 
12/04/01 <0.1 44.4 77  152 <0.150 44.5 <0.0125 
04/19/04 <0.10 48.6 74.5  147 0.518 43.3 0.0126 
01/14/10    <1 133    

03/19/10 0.616J 63.4 88.9 <1.00 140 0.947 54.9 0.015 
12/20/10 <1 49 61 <1 120 0 44 <0.005 
06/29/11 1.40 43.3 62.7 <1.00 150 0.056 39.8 <0.00269 
12/08/11 0.84J 40.3 62.1 <1.00 220 0.041 35.9 <0.00269 
06/25/12 <1 49.3 63.8 <1 134 0.169 44.5 <0.005 
12/18/12 0.56 51 62.8 <1.00 166 0.011 46.2 <0.00290 
06/25/13 <1.00 50 60.2 <1.0 124 0.024 46.1 <0.005 

06/17/14 4.06 49.2 64.2 <20 121 0.0347 44.7 <0.00201 
06/17/15 <1 49.2 61.9 <20 137 0.019 44.3 0.001 

06/13/16 <0.535 50.3 63.4 <20 144 0.011 45.2 <0.000382 
06/27/17 0.120 47.3 62.7 <1.00 185 <0.203 44.0 <0.132 
06/13/18 0.05 48.4 62.3 <1.00 190 <0.050 43.2 <0.020 

         
 Nitrate Potassium Sodium Sulfate TDS SC pH  

09/17/97 2.3 6.5 190 480 970 1400 7.9  
03/23/98 1.4 6.1 1200 430 880 1300 8.4  
03/15/00 3.7 5 165 400 875 1292 8.07  
07/11/01 3.37 5.95 267 574 906 1247 7.8  
12/04/01 3.56 5.79 166 452 802    
04/19/04 3.6 5.46 157 386 868 1290 7.9  
01/14/10         
03/19/10 4.09 7.85 167 463 1020 1470 8.01  
12/20/10 3 8 166 367 830 1290 7.90  
06/29/11 3.17 5.25 159 423 862 1330 7.88  
12/08/11 0.826 5.55 147 360 819 1510 7.83  
06/25/12 3.11 6.81 173 424 978 1540 7.81  
12/18/12 2.88 4.94 177 434 844 1510 7.56  
06/25/13 3.1 4.92 174 406 792 1520 7.55  

06/17/14 3.36 5.44 165 402 876 1330 8.33  
06/17/15 3.1 4.51 170 366 864 1260 7.90  
06/13/16 3.34 4.89 176 372 836 1250 7.87  
06/27/17 3.41 4.27 175 413 862 1240 7.84  
06/13/18 3.32 4.92 170 361 778 1280 7.74  

All units mg/l except SC (umhos/cm) and pH (pH units)     TDS = total dissolved solids;     SC = specific conductance;       
NR = LLI no longer required to sample for this constituent; J = estimated value 

 



APPENDIX 2 - SUMMARY OF HISTORICAL GROUNDWATER DATA 
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MW-5 SUMMARY OF APPLICABLE ANALYTICAL DATA

Ammonia-N Calcium Chloride Carbonate Bicarbonate Iron Magnesium Manganese 

09/17/97 <0.01 60 48 <10 210 <0.005 38 0.032 

03/23/98 <0.05 51 52 <10 170 0.029 46 0.029 

03/15/00 <0.5 65 58 0 172 0.1 46 0.07 

07/11/01 <0.1 61.5 62.5 0 232 0.378 43.8 <0.05 

12/04/01 <0.1 57.7 68  171 <0.150 45.7 <0.0125 

04/19/04 <0.10 63.2 64.5  164 1.23 45.3 0.0732 

01/14/10    <1 170    

03/19/10 0.616J 68.6 55.8 <1.00 200 0.794 47.6 0.019 

12/20/10 <1 60 54 <1 150 0.372 44 0 

06/29/11 1.60 56.4 54.8 <1.00 160 0.126 41.4 <0.00269 

12/08/11 1.04/0.924J 88.7/85.7 53.9/55.2 <1.00/<1.00 160/140 0.072/0.068 64.5/61.8 
<0.00269/ 
<0.00269 

06/25/12 <1/<1 61.6/62 52.2/57.5 <1/<1 147/149 0.328/0.686 44.9/45.2 <0.005/0.006 

12/18/12 <0.443/<0.443 63.8/61.8 53.5/52.5 <1.00/<1.00 176/186 0.053/0.1 46/44.7 
<0.00290/ 
<0.00290 

06/25/13 <1.00/2.1 63.2/63.3 52.1/56.5 <1.00/<1.00 148/140 0.0220/0.047 46.2/45.5 <0.005/<0.005 

06/17/14 1.68/1.54 82.8/64.8 56.4/55.8 <20/<20 125/134 3.95/0.457 49.3/45.1 0.119/0.0058 
06/17/15 <1/<1 63.3/63.7 78.2/71.4 <20/<20 155/148 0.173/0.148 44.9/45.2 0.009/0.008 
06/13/16 <0.535/<0.535 64.8/64 57.8/60.5 <20/<20 171/171 0.01/0.011 47.3/45.9 0.001/0.001 
06/27/17 <0.0500/<0.0500 58.2/58.0 55.0/54.9 <1.00/<1.00 220/210 <0.203/<0.203 43.4/43.8 <0.132/<0.132 
06/13/18 0.07/0.05 58.6/59.1 54/53.2 <1.00/<1.00 224/220 <0.050/<0.050 42/42.5 <0.020/<0.020 

         

Nitrate Potassium Sodium Sulfate TDS SC pH  

09/17/97 1.8 5 170 470 990 1300 7.8  

03/23/98 2.4 4.3 1200 400 960 1200 8.5  

03/15/00 3.3 5 179 450 962 1385 7.93  

07/11/01 3.06 5.83 287 555 965 1324 7.93  

12/04/01 3.35 5.68 176 500 939    

04/19/04 3.37 5.42 193 440 1020 1380 7.8  

01/14/10         

03/19/10 3.45 6.71 162 436 868 1380 7.92  

12/20/10 3 7 173 408 890 1350 7.9  

06/29/11 3.16 4.91 172 475 924 1410 7.75  

12/08/11 2.68/2.69 10.50/9.51 148/149 412/419 910/872 1580 7.79  

06/25/12 2.92/2.93 6.2/6.16 182/182 470/484 902/822 1610 7.68  

12/18/12 2.51/2.46 4.29/4.53 186/180 459/455 898/930 1370 7.49  

06/25/13 5.84/2.8 3.74/3.65 186/186 450/454 902/908 1480 7.51  

06/17/14 3.23/3.18 6.42/4.95 181/168 456/453 888/944 1270/1410 8.3/8.29  

06/17/15 2.98/2.82 4.08/4.07 180/180 694/455 908/968 1340/1390 7.84/7.85  

06/13/16 3.01/3.08 4.34/4.42 195/192 424/415 928/916 1320/1290 7.79/7.77  

06/27/17 3.10/3.13 3.83/3.95 183/182 468/470 894/906 1320/1330 7.85/7.78  

06/13/18 3.15/3.16 4.14/4.2 176/177 412/408 886/874 1370/1360 7.7/7.72  

All units mg/l except SC (umhos/cm) and pH (pH units)     TDS = total dissolved solids;     SC = specific conductance;       
NR = LLI no longer required to sample for this constituent; J = estimated value 
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����*-, �/� �/� .�/� �/�_�/� �/��_�/�� �/�_�/� 11 54@O �/� SEYU�>=%($=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 23435 �/����W �/��� 89:�>;)I($&%;&I=�*-, .�/��� .�/��� .�/�� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:A=$a=$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/���� �/��� 89:A;('(>-I(;('=%-B$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:A;('(J&>-I(;('=%-B$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:A;('(̂(;'�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:�B;+($�J&<CÎ&J=�*-, .�/��� .�/��� .�/�� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:�B;+($�%=%;B>-I(;&J=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/���� �/��� 89:�-I(;(+=$a=$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�� �/��� 89:�-I(;(=%-B$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:�-I(;(̂(;'�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�� �/��� 89:b&+;('(>-I(;('=%-B$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:�̀�1J&>-I(;(+=$a=$=�*-, 11 11 11 11 .�/��� .�/��� .�/��� 234335 �/� �/��� 89:�̀�1J&>-I(;(+=$a=$=�*-, .�/��� .�/��� .�/��� �/��� .�/��� .�/��� 11 234335 �/���� �/��� DEDSS%;B$<1�̀�1J&>-I(;(1�1+C%=$=�*-, .�/��� .�/��� .�/�� .�/��� 11 11 .�/�� 23435 �/����W �/��� 89:�̀�1J&>-I(;(=%-B$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/���� �/��� 89:�̀�1J&>-I(;(=%-B$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/���� �/��� 89:�̀�1J&>-I(;(=%-)I=$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/���� �/��� 89:>&<1�̀�1b&>-I(;(=%-)I=$= 11 11 .�/��� 11 .�/��� .�/��� 11 234335 �/��� �/��� 89:%;B$<1�̀�1b&>-I(;(=%-)I=$= 11 11 .�/��� 11 .�/��� .�/��� 11 234335 �/�� �/��� 89:�̀�1J&>-I(;(L;(LB$=�*-, .�/��� .�/��� .�/���� .�/��� .�/��� .�/��� 11 234335 �/���� �/��� 89:>&<1�̀�1J&>-I(;(L;(L=$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:%;B$<1�̀�1J&>-I(;(L;(L=$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:�%-)I+=$a=$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�� �/��� 89:�1-=cB$($=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 23433? �/�����W �/��� 89:�=%-)I�+;('&J=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 23433? �/�����W �/��� 89:�=%-)I�>-I(;&J=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:�=%-)I=$=�+;('&J=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:�=%-)I=$=�>-I(;&J=�*-, .�/��� .�/��� .�/��� �/��� .�/��� .�/��� 11 23433? �/���� �/��� DEDDF�=%-)I�=%-)I�M=%($=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 23433? �/�����W �/��� 89:�=%-)I�&(J&J=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 23433? �/�����W �/��� 89:�1'=%-)I1�1L=$%B$($=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 23433? �/�����W �/��� 89:�%);=$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�� �/��� 89:�̀�̀�̀�1%=%;B>-I(;(=%-B$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�����W �/��� 89:�̀�̀�̀�1%=%;B>-I(;(=%-B$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/��� �/��� 89:	=%;B>-I(;(=%-)I=$=�*-, .�/��� .�/��� .�/���� .�/��� .�/��� .�/��� 11 234335 �/���� �/��� 89:	(IC=$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/��� �/��� 89:�̀�̀�1%;&>-I(;(=%-B$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/�� �/��� 89:�̀�̀�1%;&>-I(;(=%-B$=�*-, .�/��� .�/��� .�/��� .�/��� .�/��� .�/��� 11 234335 �/���� �/��� 89:�B'LI=�bB%=de�dfghijklmnopU������������	�	
��	 nopU



������������	��
����
 ������ ������ ������ ������ ������ ������ �� ������ ������ ����� �����������������������
����
 ������ ������ ������ ������ ������ ������ �� ������ ����� �! ����� ����"�"#����������$��$�
����
 ������ ������ ������ ������ ������ ������ �� ������ ����� �! ����� ���%�
	������������
 ������ ������ ������ ������ ������ ������ �� �����& ���� '�! ����� ���%�
	��������(����
 ������ ������ ������) ������ ������ ������ �� ������ ������ ����� ���*	��
�+"���������
 ������ ������ ������ �����# �����# �����# �� ������ ��#� ����� ����"��,�-��������
���.,/
 �������� �������� ��������� �������0 �������� �������� �� �������1 �������� ����� ����"��(�-�����#�������$��$�
����
 �������� �������� �������� ������ �������� �������� �� ������2& ������ ����� ���3��
����+���
 ������ ������ �����# ������ ������ �� �� ������141 ������ ������� ���/�
5���
$	��
����
 ������� ������� ������� ������� �������� �������� �� ������&6 ������ ����� ���7�$������
����
 ������ ������ ������ ������� ������� ������� �� ������122 ����� ����� ���38/+���
 �������� �������� �������� ������ �������� �������� �� �������11 ������� ����� ���9:;<



������������	
�	
����	
�	
����	
�	
����	

	
��


	�	
��
�	
�	
���
	
�	
�
��	
�	
�
���������������� !"#$%&''''''''''''''�(�
)#*+#�# �,� �+*%-#./00+-123#�+-/30#$%&
���
���
)��
)�)
�)�
)��''4567��� 
�(���89:; �<<+=/%'�>�(�
>�(��>�(�>�(
>�(
>�(
�''7?@A@B
(��C 
(���DEF �%-G/H<����
�
��(
��()��()''447
(��C 
(���II �%J=20/H<��������()���)(�''@7?K
(��C 
(���L9 �M+0!M%*2''''''''''''''NO?5
(���DEF �+*%00/H<�(
�(�)�(���(
)(��''6?6K
(��C 
(���9 �+3/H<���
���
��
�
��)��
��''O@6
(��C 
(���8P9L QR2-3%M-'��(����(
��(��()�>�(�>�(��''S?7AB
�(�C 
�(���;T: �+*%-#�/*U+J2=#$M&�(���
(�

(�)(


()

(�''A?@� 
(���:TV �+*%-#�UJ%=/G#�%UW+=�
(�
�
(��>
(�''X?4A
(��C 
(���; Y/G%UW+=%*2

�
��
��
�)
��
��

�4A7
(��C 
(���8PV �%UW+=%*2>
�>
���''''>
N4?77
(��C 
(���Z �!2G/[/G#�+=3HG*%=G2
���
)��
���
��)''

��''
���V;Z;\]�\̂_̀abcd_ efgV �%<!-2#.%*2



������������	
�	�


�	

	�



�	�	�


�	
�	�

��	
�	�


����������������  !"#$% �&'��&'((�&�)*+,'"-."�" /0/ �.-$1"2344.1567"�.1374"#$% 

8


��

�


�
9+:+��
 

&


;<== �>>.?3$(� @
&�@
&
@
&
@
&

+*ABBC
&��D 
&


EFG �$1H3I> ����&8'
&
'�&
AB*)
&��D 
&


JJ �$K?643I> �8�8&���&
��&'LL*M
&��D 
&


N/ �O.4 O$-6 P,*L�&�
�EFG �.-$443I> ��&���&
�'&�8)*+A
&��D 
&


Q �.73I> 
8��8���
�

9))
&��D 
&


RJ< ST617$O1(� �&��&
�@
&�
&�
':*ABC
�&�D 

&


R0U �.-$1"�3-V.K6?"#O% '&8�&�'�&�
�&��M*L)� 
&


J0Q �.-$1"�VK$?3H"�$VW.? �
�@
&
@
&
,*+:
&��D 
&


/ X3H$VW.?$-6 
��
'�
��
�
9:+
&��D 
&


;NR �$VW.?$-6 

((((P9*++
&��D 
&


< � 6H3Y3H"�.?7IH-$?H6
���
��
((
'�

�'
;JQRZ[�Z\]̂_̀ab] cdeU �$> 16"2$-6



������������	
�	
����	
�	
����	
�	
����	

	
��


	�	
��
�	
�	
���
	
�	
�
��	
�	
�
���������������� !"#$%&�'��'��'���'�((�'�(( )*+,-#./#�# 012 �/.%3#4566/3789#�/3596#$%&�����������-��
�-�(( ,+:+��� 
�'���00; �<</=5%(��'�
�>�'��>�'�>�'
>�'
>�'
�(( +*?,?@
'��A 
'���212BC �%3D5E<���
����'���'���'-(( ?F*G
'��A 
'���;H �%I=865E<�
������'
��'���'�(( JG*K
'��A 
'���;L �M/6!M%.8(( N:*J
'���OPQ �/.%665E<-'�-'
��'���'���'�-(( R*)J
'��A 
'���S �/95E<
��

��
-�
-�
--
��(( ,?R
'��A 
'���CT0 UV839%M3(��'�-��'

>
'��'
��'����'-�(( J*,)@
�'�A 
�'���B1BC �/.%3#�5.W/I8=#$M&�'��
'��'��'�-�'

��'
�(( K*:R� 
'���C1H �/.%3#�WI%=5D#�%WX/=>

'�
->
'�>
'�(( F*FJ
'��A 
'���C Y5D%WX/=%.8

�
��
��
��
�

��
�� ,G+
'��A 
'���BTZ �%WX/=%.8>
�>
���((((>
 N,*++
'��A 
'���2 �!8D5[5D#�/=9ED.%=D8
���
���

�


��((

��((
���BC2S\]�\̂_̀abcd_ efg; �%<!38#4%.8



������������	
�	
����	
�	
����	
�	
����	

	
��


	�	
��
�	
�	
���
	
�	
�
��	
�	
�
���������������� !"#$%&�'��'��'���'��((�'�((�'�
)#*+#�# ,-. �+*%/#0122+/345#�+/152#$%&����)��)
�)����
�
�((676��� 
�'���89: �;;+<1%(�=�'�
=�'��=�'�=�'
=�'
=�'
�((>?7@7A
'��B 
'���CDE �%/F1G;)��
)�)
'���'�)�'
((76?7
'��B 
'���H. �%I<421G;���)�)��'���'���'�((JK?7
'��B 
'���LL �M+2!M%*4((NO?P
'���CDE �+*%221G;��'���'���')��'�
((7?K@
'��B 
'���Q �+51G;
��

��
��
��
�)
��((@7O
'��B 
'���:H, RS4/5%M/(�=�'���'
�=
'��'
�
'�
�')
)((T?P>A
�'�B 
�'���U-,H �+*%/#�1*V+I4<#$M&=�'��
'��'��'
��'���'��((7?WP� 
'���L-L �+*%/#�VI%<1F#�%VX+<

'

�=
'�=
'�((O?JO
'��B 
'���L Y1F%VX+<%*4

�
��
�

�

�

)�
��O>>
'��B 
'���U,9 �%VX+<%*4=
�=
���((((=
N@?>>
'��B 
'���. �!4F1Z1F#�+<5GF*%<F4
���

��
���
�
�((
���((
���U:U,[\�[]̂_̀abĉ defQ �%;!/4#0%*4
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