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1.0 Introduction

This Hydrogeological Report documents investigations conducted for the proposed NGL
Waste Services, LLC and NGL Water Solutions Permian, LLC (NGL) North Ranch Surface
Waste Management Facility (NRSWMF) and North Ranch Striker 4 Facility (NRS4F) located
near Jal, Lea County, New Mexico. Data were compiled by Terracon Consultants, Inc.
(Terracon) and Lonquist and Co., LLC (Lonquist), in accordance with the Energy, Minerals
and Natural Resources Department, Oil Conservation Division (NMOCD or Division)
requirements and the New Mexico Administrative Code (NMAC) Section 19.15.36 and the
NMOCD Form C-108. NGL owns the property proposed for the landfill and associated
facilities.

Section 2.0-3.0 of this report was prepared by Terracon and describes the regional geologic
and hydrogeological characterization for the area and the site-specific information gathered
for the generation of this document for the NRSWMF. Section 4.0 of this report was prepared
by Lonquist and describes the regional geological and hydrogeological characterization data
specific to the NRS4F.

1.1 Site Location

The NRSWMF site is located within Section 9 and 10 of, T25S, R34E approximately 16 miles
west of the City of Jal in Lea County, New Mexico.. The NRS4F site is located within Section
24 of T25S, R34E. See Figure 1.

1.2 Background

NGL is currently preparing a Permit Application to develop a new Surface Waste Management
Facility (NRSWMF) and Salt Water Disposal Well Facility (NRS4F). The location of the site
and the proposed development areas are shown on Figure 1. This application will establish
an oil field solid waste landfill footprint area consisting of approximately 205 acres with a waste
capacity of approximately 40,743,946 cubic yards. Figure 2 illustrates the site layout within
the permitted boundary. The NMOCD requires a review and summary of the hydrogeology
and geology of the region and facility that illustrates the location of the SWMF facilities and
Wells.

Responsive m Resourceful m Reliable 3
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2.0 North Ranch Surface Waste Management Facility Regional Characterization

This section discusses the regional hydrogeologic setting of the area surrounding the SWMF
including hydrology, geology, hydrogeology, and groundwater quality. This information was
compiled from published sources including sections of the 1961 Geology and Ground-Water
Condition in Southern Lea County, New Mexico report by the State Bureau of Mines and
Mineral Resources, New Mexico Institute of Mining and Technology and Terracon’s January
2019 Geotechnical Engineering Report of the site.

2.1 Regional Hydrology

The SWMF landfill is located within Pecos watershed ,a tributary to the Rio Grande
Watershed. Surface drainage from the landfill property generally flows downward towards the
east, see Figure 3 for a regional watershed map. No integrated drainage is present in
southern Lea County, thus there is no discharge to the Pecos River, which is located
southwest of the area. Tributaries of the Pecos River are located approximately 20 miles
southwest of the landfill site in southwestern Lea County. The Pecos River flows south and
merges with the Rio Grande in southern Texas along the Texas-Mexico border.

2.2 Regional Geology

This section describes the geologic setting of the region, including soils, regional stratigraphy,
and regional structural geology and geomorphology. A geologic map of the region around the
NRSWMF is provided in Figure 4. A map showing the location of water wells within a one-
mile radius of the site is presented in Figure 5, and a local depth to groundwater surface map
is provided in Figure 6.

The New Mexico State Geologic Map (1:500 000) indicates the general surface geology of
the landfill site consists of Quaternary eolian and piedmont deposits (Qep) (Holocene to
middle Pleistocene). Qep is comprised of interlayered eolian sands and piedmont-slope
deposits. The unconsolidated eolian sands consist of sands and loess; the piedmont-slope
deposits include deposits of higher gradient tributaries near major stream valleys, alluvial
veneers of the piedmont slope, and alluvial fans and may locally include uppermost Pliocene
deposits.

2.2.1 Regional Soils

Based on the information provided by the Web Soil Survey (March 26, 2019) and the United
States Department of Agriculture Soil Conservation Service (USDA SCS), the primary soils at
the site are the Ratliff-Wink fine sandy loam in the southern portion (42%), the Wink loamy
fine sand (WK) in the middle and southwestern portions (31%), and the Pyote and Maljamar
fine sands (PU) in the northern portion (27%).

The Ratliff-Wink is a fine sandy loam from O to 4 inches overlying clay loam from 4 to 60
inches. The Wink loamy fine sand is described as a loamy fine sand from 0 to 12 inches and
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a sandy loam from 12 to 60 inches. Both the Ratliff-Wink and Wink loamy fine sand are well
drained with a high capacity to transmit water (2.0 to 6.0 in/hr). The depth to water is greater
than 80 inches.

The Pyote and Maljamar fine sands consist of fine sand from 0 to 24 inches, sandy clay loam
from 24 to 50 inches, and cemented material from 50 to 60 inches. The Pyote is well drained
with a very low to moderately low capacity to transmit water (0.00 to 0.06 in/hr). The depth to
water is reported to be greater than 80 inches. See USDA SCS Web Soil Survey Report for
the proposed site in Attachment B.

Based on the January 2019 Geotechnical Engineering report (Attachment A), encountered
soils during drilling activities at the site were divided into three stratums: the first strata
consisted of silty sand, silty sand with gravel, silty clayey sand, and poorly graded sand with
interbedded layers of caliche and ranged in depths from 20 to 27 feet bgs; the second strata
consisted of silty sand, poorly graded sand, interbedded caliche layers and ranged in depth
from 27 to 65 feet bgs; the third strata ranged in depths between 40 to 65 feet bgs and
consisted of fine-grained, poorly to moderately compacted sandstone.

The observed caliche materials are underlain by medium to finely weathered sandstone
extending to boring-termination depths to 165 feet below existing grades. Soil porosity and
permeability observed during drilling ranged from 0.34 to 0.36 and 1.12 x 10*? to 6.72 x 10!
cm?, respectively, and hydraulic conductivity ranged from 1.09 x 10?7 to 5.56 x 10 cm/sec.

2.2.2 Regional Stratigraphy

The surface geology of the landfill site consists of the Quaternary Eolian and Piedmont
Deposits (Qep) (Holocene to middle Pleistocene), which is the primary geologic formation at
the surface in this area. Small outcrops of Quaternary Piedmont Alluvial Deposits (Qp)
(Holocene to lower Pleistocene) are located to the north and east of the site and overlie the
Qep deposits. Furthermore, Quaternary Older Alluvial Deposits of Upland Plains and
Piedmont Areas (Qoa) (Middle to lower Pleistocene) are west of the site and typically underlie
the Qep deposits. The Tertiary Ogallala Formation (To) (lower Pliocene and middle Miocene)
underlies the Qoa and is exposed northwest and east of the site. The Ogallala consists of
alluvial and eolian deposits and petrocalcic soils of the southern high plains.

Triassic rocks of the Chinle Formation and Santa Rosa Sandstone of the Dockum Group
underlie southern Lea County and is exposed southwest of the site. The Chinle Formation is
described as a red to green claystone with minor fine-grained sandstone and siltstones. The
Chinle is present in all of the eastern part of southern Lea County but thins westward and is
absent in extreme western portions. Thickness of the Chinle varies from 0 to 1,270 feet. The
Santa Rosa Sandstone is described as a primarily red, fine-to-coarse grained sandstone, is
exposed only in minor outcrops, and the thickness ranges from 140 to 300 feet.
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Undifferentiated Paleozoic rocks, consisting of siltstone, shale and sandstone, underlie the
Dockum Group in southern Lea County. Thickness of these undifferentiated rocks is
approximately 90 to 400 feet.

2.2.3 Regional Structural Geology and Geomorphology

The major structure features of southern Lea County are the Permian age Delaware Basin
and the Central Basin Platform in the subsurface. Few structural features are present in the
area due to the lack of tectonic movement within the basin since the close of the Permian.

The landfill site is located within the Southern High Plains physiographic region of the state.
The High Plains covers the eastern quarter of the state and consists of mildly deformed
Permian and Triassic sedimentary rocks capped by the late Miocene-Pliocene Ogallala
Formation and Quaternary deposits, which are exposed in the southeastern and east-central
parts of the state. Furthermore, the northwest part of the oil and gas-rich Permian Basin
underlies southeastern New Mexico. No major surface faults or structural features are located
in the vicinity of the landfill site.

Geomorphic features consist of windblown eolian and loess deposits in generally flat terrain
that lacks integrated drainage systems.

Figure 12 provides a structural geology map for the region surrounding the NRSWMF.

2.3 Regional Hydrogeology

Potable groundwater in southern Lea County comes from three principal geologic units: the
Dockum Group, Tertiary Ogallala Formation, and Quaternary Alluvium. The Triassic Santa
Rosa sandstone, or the basal unit of the Dockum Group, is the principal aquifer in the western
third of southern Lea County, which includes the landfill area. The Ogallala Formation and
Quaternary Alluvium aquifers are the principal aquifers in the eastern portion of Lea County
and are considered unsaturated in the western portion.

According to published data, the Santa Rosa Sandstone yields an average of about 47 gallons
per minute (gpm); however, some wells are reported to yield as much as 100 gpm in some
areas. The Sandstone is recharged by precipitation on sand dunes, by precipitation and runoff
on outcrops, and groundwater flow from the overlying Ogallala Formation and Quaternary
Alluvium. Porosity of the Santa Rosa Sandstone is reported at around 13 percent with very
low permeability, and incomplete well-test data indicate a specific capacity of less than 0.2
gpm per foot of drawdown. Figure 7 provides a contour map of the approximated elevations
of the top of the Chinle Formation below the NRSWMF. Figure 8 provides a contour map of
the approximated top of the Santa Rosa Sandstone formation below the NRSWMF. Figure
9 provides a cross section of the geologic formation lithology as it relates to the NRSWMF's
proposed base grades.
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Depth to water reported for water wells within the Township and Range of the landfill vary
from approximately 165 feet in the southern portion to 230 feet in the northern portion.

2.4 Regional Groundwater Quality

The Dockum Group is the principal potable aquifer in the landfill area. Several domestic and
municipal wells penetrate this aquifer in the western portion of the region.

Groundwater from the Triassic rocks of the Dockum Group are typically low in silica, vary in
range in calcium and magnesium, high in sodium, moderately high in sulfate, and moderately
low in chloride. The dissolved solid concentrations are typically higher than water derived from
the Ogallala Formation.

Geohydrology of the local aquifers was summarized in U.S. Geological Survey report 84-
4077, 1985. Published water quality data from selected wells in the Santa Rosa Sandstone
in Lea County ranged from 426 to 1950 ppm for Total Dissolved Solids. A value of 685 ppm
was reported for wells in the Cenezoic Alluvium in Lea County.
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3.0 North Ranch Surface Waste Management Facility Site Hydrogeologic
Investigation

The material presented in this section describes site-specific information gathered for the
generation of this document.

3.1 Geotechnical Engineering Report

A Geotechnical Engineering Report was prepared by Terracon to present subsurface
exploration, geologic, hydrogeologic and geotechnical engineering findings. Several
recommendations related to subsurface soil/rock conditions, groundwater conditions, seismic
site classification, site preparation and earthwork and site excavation are presented and were
generated in conformance with the Siting and Subsurface Investigation Work Plan dated
October 17, 2018 submitted to and approved by the NMOCD. A copy of the Geotechnical
Engineering Report is attached to this narrative in Attachment A.

3.2 Site Geology

The NGL North Ranch SWMF is located within an area of historical oil and gas production,
largely in undeveloped ranch areas covered with creosote and mesquite trees. The area is
underlain by interlayered eolian sands and piedmont-slope deposits which are underlain by
the Dockum Group. Subsurface soil and rock are illustrated on geological cross-section
figures attached to this report. Figure 10 shows the alignments of the cross-sections on a
NRSWMF map. Figure 1la through Figure 11c show geologic cross-sections based on the
boring data collected in the Geotechnical Engineering Report in Attachment A.

3.3 Site Hydrogeology

Groundwater was not encountered at the site during the boring program which advanced
seven borings to a depth of approximately 165 feet below ground surface. The uppermost
aquifer is estimated to be encountered at depths of around 175 to 200 feet below ground
surface. Figure 6 shows the approximate depth to groundwater in the NRSWMF area.
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4.0 North Ranch Striker 4 Facility Geology

The NRS4F shall inject liquids into the Bell Canyon and Cherry Canyon Formations of the
Delaware Mountain Group in the Delaware Basin using an injection well (Striker 4 SWD #1).
The following sections provide regional and site specific geology for the proposed operation.

4.1 Regional Geology

The Delaware Mountain Group (DMG) of the Delaware Basin comprises of Guadalupian-age
arkosic to subarkosic sandstone, siltstone, and detrital limestone that was deposited in deep
water, mainly during lowstand and early transgressive sea-level stages. The basin succession
is formally divided into the Brushy Canyon, Cherry Canyon, and Bell Canyon Formations
(descending order). Stratigraphic divisions within the Delaware Mountain Group are
somewhat uncertain due to lithologic similarity and thus a lack of clear boundaries between
the major formational intervals. The Delaware Basin during deposition of the Delaware
Mountain Group was a deep-water basin bounded by carbonate-ramp (San Andres and
Grayburg) and carbonate-rim (Goat Seep and Capitan) margins that developed on the
western edge of the Central Basin Platform, the Northwest Shelf, and the Diablo Platform.
The top of the interval is designated by another carbonate, the Lamar limestone included in
the Bell Canyon Formation. The Bell Canyon contains carbonaceous silty sandstone along
with clean, fine grained, massive friable sand. The Brushy Canyon and Cherry Canyon
intervals consist of the following: (1) very fine to fine-grained arkosic to subarkosic
sandstones, mostly massive in character, (2) very fine grained sandstones microlaminated
with siltstones, (3) dark-colored organic siltstones (lutites), (4) carbonate beds (limestone or
dolomite) more prevalent near shelf margins, and (5) black to dark gray, calcareous shales.
Shale is notably rare in the section and is virtually absent from the Brushy Canyon Formation.
Carbonate units (mainly limestone) are present in the upper Cherry Canyon and, especially,
Bell Canyon intervals. Porosities and permeabilities in productive intervals range from 12—
25% and 1-5 md, respectively, but occasional “streaks” of permeability of up to 200 md are
sometimes present. These good porosities indicate a rock that is capable of taking water
injection.

4.2 Injection Zone

The produced water and injection fluids to be accepted for disposal at the proposed well are
not fit for use as domestic, stock, irrigation or other general uses. The injection zone is into
the Bell Canyon/Cherry Canyon formation of the Permian Period; Guadalupe Series, which
ranges in age of approximately 259-273 million years old. This is older than the Triassic
Period which ranges from 201-251 million years old. Table 1 below summarizes the depth to
the injection zone and the three formations above and below the injection zone:

Responsive m Resourceful m Reliable 9
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Table 1. Formation and Injection Zone Summary

Depth Below Ground Surface

Formation

(feet)

Rustler Anhydrite (Ochoan Series) 810
Salado (Ochoan Series) 1,209
Castile (Ochoan Series) 5,384

Bell Canyon (Injection Zone) 5,489
Cherry Canyon (Injection Zone) 6,415
Brushy Canyon 8,091

Bone Spring (Leonardian Series) 9,297
Wolfcamp (Wolfcampian Series) 12,280

4.3 Drinking Water Aquifers

The most closely offsetting water wells were drilled to 610’ or shallower, generally producing
from the Santa Rosa. Fresh water depth appears to vary from 40’ to 475’ (300’ on average)
in the area in the form of sporadic alluvial sources and the Santa Rosa. In general, any
USDWs (i.e. Upper Rustler) would be expected to fall above the salt and will be protected.
The top of the Rustler Anhydrite is estimated at approximately 810'.

The only fresh water well within in one-mile of the well location is C-03580 as shown on
Figure 13 could not be located. As a result, fresh water samples were not obtained for
analysis purposes.

4.4 Proposed Stimulation Program
NGL is not proposing a stimulation program at this time.

4.5 Logging and Test Data on the Well

There are no logs or test data on the well. During the process of drilling and completion
resistivity, gamma ray, and density logs will be run.
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