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ACRONYMS AND ABBREVIATIONS  

Note: All terms are written as used in the text. 
 

° degrees 
% percent 
µmho micromhos 
µS microSiemens 
2D two dimensional 
A  

AOI  area of interest 
AoR  Area of Review  
API American Petroleum Institute 
ATSM  American Society for Testing and Materials  
AWRI Annis Water Resources Institute 
B  

bbl barrel(s) 
Bcf billion cubic feet  
bgs  below ground surface  
BHP  bottomhole pressure  
BHT bottomhole temperature 
BOP  blowout preventer 
C  

CBL cement bond log 
CCS carbon capture and storage 

CCUS carbon capture, utilization, and storage 

CEJST Climate and Economic Justice Screening Tool 
CFR Code of Federal Regulations 

CO2 
carbon dioxide (may also refer to other carbon 
oxides)  

COGCC Colorado Oil and Gas Conservation Commission 
CRA  corrosion resistant alloy  
D  

DIC dissolved inorganic carbon 
DITF drilling-induced tensile fractures 
DOC dissolved organic carbon 
DOE Department of Energy 
E  

ECOS Environmental Conservation Online System 
EHS environmental, health and safety 
EJ  environmental justice  
ELAN elemental analysis 
EOS equation of state 
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EPA  Environmental Protection Agency  
ERP  emergency response plan  
ERRP  emergency and remedial response plan  

ESHIA Environmental, Social and Health Impact 
Assessment 

F  

F Fahrenheit 
FMI formation microimager 
Four Corners Carbon Four Corners Carbon Storage, LLC 
ft feet / foot 
ft/D feet per day 
ft/mile feet per mile 
ft2/D square feet per day 
ft3/sec cubic feet per second 
G  

g/cc grams per cubic centimeter 
gpm gallons per minute 
GR  gamma ray  
GSDT Geologic Sequestration Data Tool 
H  

HHRA Human Health Risk Assessment 
I  

IEA  International Energy Agency  
in. inch 
L  

lbm pound mass 
lbf pound force 
M  

Ma million years 
mD  millidarcy (1 mD = 9.86923e-16 m2) 
MD  measured depth  
MDT  Modular Formation Dynamics Tester 
MEM mechanical earth model 
mg/L milligrams per litter 
MICP mercury injection capillary pressure 
MIRU move in and rig up 
MIT mechanical integrity test 
MM million 
MMCF  million cubic feet 
MMT million metric tons 
Mt megatonne / million metric tons 
Mt/yr  million metric tons per year  
Mta million metric tons per annum 
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mV millivolt 
N  
NHD National Hydrography Dataset 

NMBGMR New Mexico Bureau of Geology & Mineral 
Resources 

NMOCD New Mexico Oil Conservation Division 
NMR Nuclear Magnetic Resonance 

NPDES National Pollutant Discharge Elimination System 

O  

OCD Oil Conservation Division (New Mexico) 
OD outside diameter 
ohm-m / Ωm ohm meters – unit of resistivity 
OSE Office of State Engineer (New Mexico) 
OSHA Occupational Safety and Health Administration 
P  

P&A plug and abandon 
PGA peak ground acceleration 
PISC  post-injection site care  
PLSS Public Land Survey System 
POD point of diversion 
Pp pore pressure 
ppm  parts per million  

Program Department of Energy CarbonSAFE Phase III 
Program 

psi  pounds per square inch  
psi/ft pounds per square inch per foot 
psig  pounds per square inch gauge 
Q  

Quanti.Elan™ 
SLB's mineralogical inversion application that 
provides quantitative formation evaluation of open 
hole logs level by level 

R  

RCA  routine core analysis  
RCRA Resource Conservation and Recovery Act 
RHOB bulk density log 
Rmf resistivity of mud filtrate 
Rw resistivity of connate water 
S  

SCADA  supervisory control and data acquisition  
SCAL special core analyses 
sc-CO2 supercritical carbon dioxide 
SCP State Cleanup Program 
SEM scanning electron microscope 
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SHmax  maximum horizontal stress  
SHmin minimum horizontal stress 
SP  spontaneous potential  
SRT step-rate test 
SS subsea 
SSTVD subsea true vertical depth 
Sv vertical stress 
SWD  saltwater disposal 
T  

Tallgrass Tallgrass Energy, L.P. 
TCS triaxial compressive strength 
TD  total depth  
TDS  total dissolved solids  

ThruBit™ 
SLB through-the-bit logging - an openhole logging 
tool that is deployed from within drill string for 
difficult logging jobs 

TVD  true vertical depth  

TVDSS true vertical depth subsea 
U  
UIC  Underground Injection Control  
US United States 
USDW  Underground Source of Drinking Water  
USFWS U.S. Fish & Wildlife Service 
USGS  U.S. Geological Survey  
UST  underground storage tanks  
W  

WHP  wellhead pressure  
wt% weight percent 
X  

XRD  X-ray diffraction  
XRF  X-ray fluorescence  
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• No detrimental geochemical interactions are expected between the injectate and the 
formations or formation fluids. This will be confirmed via future core and fluid analyses 
along with geochemical modeling (Section 2.8). 

• No artificial penetrations penetrate the injection or upper confining zones within the AoR. 
Injection and in-zone monitoring wells will be engineered to prevent the migration of fluids 
from the approved injection zone (Sections 2.2, 3.4.1, 5.0). 

 

 
Figure 2.1—(a) Time scale of various CO2 storage process in deep saline aquifer; (b) storage security of 
the CO2 with the advancement of these processes (Bachu 2006).  
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2.1 Regional Geology, Hydrogeology, and Local Structural Geology [40 CFR 
146.82(a)(3)(vi)] 

2.1.1 Tectonic History 
The San Juan Basin is an asymmetric structural depression covering approximately 21,600 square 
miles of the east-central Colorado Plateau area in northwestern New Mexico, southwestern 
Colorado, a small portion of northeastern Arizona, and southeastern Utah (Figure 2.2; Craigg 
2001). It was formed during the Late Cretaceous to Eocene age Laramide Orogeny, which occurred 
approximately 75 to 35 million years ago (Ma) (Kirk and Condon 1986; Dickinson and Snyder 
1978). Strata in the basin reaches a maximum thickness of 14,000 feet and consists primarily of 
sedimentary and igneous rocks ranging in age from Devonian to Lower Tertiary. Faulting is 
prevalent along the basin margins and in the northeastern, southeastern, and south-central portions 
of the San Juan Basin. 

The tectonic evolution of the San Juan Basin began by at least the late Paleozoic Period following 
Precambrian metamorphism, deformation, erosion, and subsequent burial. There is little evidence 
to suggest a structural depression existed during the Precambrian. Recurrent tectonism adjacent to 
the present-day San Juan Basin began during the late Paleozoic and extended through Mesozoic 
Periods, forming the building blocks of the future San Juan, Zuni, Defiance, and Nacimiento 
uplifts. Although minor deformation and uplift occurred throughout most of the Mesozoic, the San 
Juan Basin began to resemble its current configuration during the Laramide Period (Lorenz and 
Cooper 2001). 

The Hogback monocline, a feature that bounds the northwestern limit of the central San Juan 
Basin, was initiated during the early Laramide orogeny (Figure 2.2 and Figure 2.3). Other 
bordering uplifts, including the Defiance to the southwest, the Zuni to the south, the San Juan to 
the north, and the Nacimiento to the east, were recurrently active during both the Paleozoic and 
Mesozoic periods; however, these uplifts were far more pronounced during late Cretaceous and 
the earliest phase of the Eocene Laramide Orogeny (Kelley 1951). Based on the distribution of 
post-Cretaceous sediments, uplift of the outer rim areas was localized during the earliest phase of 
the Laramide Orogeny and was gradually spread to the inner rim of the basin during the later phase 
that concluded by the end of the Eocene (Kelley 1951).  

Middle and late Tertiary deposits unconformably rest on much older strata, including wide regions 
of Precambrian rocks exposed in the cores of some of the earlier uplifts. By the Pliocene, both the 
San Juan Basin and Colorado Plateau were uplifted, resulting in drainages developing to both the 
east and west of the continental divide. These drainages incised into the basin filling sediments 
and removing much of the late and middle Tertiary deposits from the central portion of the basin 
(Kelley 1951). 
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Figure 2.2—Structural elements of the San Juan Basin. San Juan structural basin shown in red outline (after 
Merrill et al. 2016). Arrows along monoclines point in the downdip direction. 
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generating the present basin configuration. The major structural features adjacent to and within the 
San Juan Basin are categorized into three types: large uplifts, low structural arches and 
embayments, and monoclines (Figure 2.2). The Nacimiento fault, on the eastern margin of the 
basin, resulted in Precambrian granite being uplifted to the east. It is an example of a fault 
determining a basin boundary. The Defiance and Nutria monoclines are also clear basin-bounding 
features. Features like the Gallup and Acoma sags form less distinct boundaries where the San 
Juan Basin merges across structural saddles with adjacent basins or embayments (Kernodle 1996). 
Figure 2.2 depicts the major structural features bounding the San Juan Basin. These features are 
discussed in the following text beginning with those in the central portion of the basin and then 
moving in a clockwise direction around the perimeter features beginning in the north and 
concluding with a summary of prominent intra-basin structural features.
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2.1.2.1 Central/Inner Basin 
The central region of the San Juan Basin has an approximate diameter of 100 miles and covers 
approximately 7,500 square miles (Figure 2.2). The basin is asymmetric with the northwest-
striking axis along the northeastern rim (Figure 2.3, Lorenz and Cooper 2001). Monoclines bound 
the basin on the west, north, and eastern margins. Dips on these structures range from 20° to 40° 
in contrast to internal basin strata that dip at less than 1° (Fassett 1989). Along the Nacimiento 
Uplift, on the eastern margin of the basin, beds are near-vertical to overturned at some locations 
(Baltz 1967). The basin interior is underlain by a Proterozoic crystalline basement containing 
several northeast to southwest and northeast to southeast faults that were reactivated repeatedly 
throughout geologic history (Taylor and Huffman 1988). 

2.1.2.2 Chaco Slope 
The Chaco Slope marks the transition between the Zuni Uplift and the San Juan Basin’s interior 
(Figure 2.2 and Figure 2.3). This region consists of strata gently dipping to the north to northeast 
at values ranging from 2° to 10° (Lorenz and Cooper 2001). The strata in this area are broadly 
folded and faulted due to several deformational events, including the Zuni Uplift that occurred 
during the Laramide Orogeny (Chamberlin and Anderson 1989). Fault intensity generally 
increases from west to east across the slope. Faults along the western half of the structure generally 
exhibit a northerly strike but shift to the northeast along the eastern half (Kirk and Condon 1986). 

2.1.2.3 Zuni Uplift 
The Laramide-aged Zuni Uplift is a northwest-striking asymmetric feature with a steeply dipping 
southwestern edge (Figure 2.2). Deformation associated with this structure is the primary cause of 
fracturing in the Cretaceous strata (Lorenz and Cooper 2001). The Zuni Uplift is slightly less than 
2,500 square miles (70 miles by 35 miles). There is 8,000 ft of structural relief and 13,000 ft 
elevation difference between the uplift and the deepest part of the basin (Woodward and Callender 
1977).  

The Zuni Uplift merges with the Chaco Slope to the north along a mostly continuous northwestern 
trending boundary that is sometimes disrupted by short monoclines. Where the Zuni Uplift and the 
Chaco Slope come together, strata dips between 3° to 10° to the northeast and the area is disrupted 
by many 18-to-30-mile straight-line segments of north- to northeast-striking fault zones and sets 
of smaller scale northeast- to east-northeast-striking faults (Thaden and Zech 1984). The Zuni 
Uplift is bound to the west by the 32-mile-long Nutria monocline on which stratal dip ranges from 
low angles to overturned (Kelley 1967). 

The Zuni Uplift’s tectonic history extends to at least the Paleozoic period, when Pennsylvanian-
aged strata thickened north of the uplift, suggesting contemporaneous differential movement 
(Jentgen 1977). Depositional patterns and folding within the Morrison Formation indicate uplift 
during the Jurassic period, which terminates in an unconformity at its top prior to Cretaceous 
Dakota Sandstone deposition.  
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2.1.2.4 Gallup Sag 
The Gallup Sag, a 70-mile-long geologic feature that ranges from 8 miles to 28 miles in width, is 
located between the Zuni Uplift to the east and the Defiance Uplift to the west (Figure 2.2). The 
Gallup Sag gently plunges approximately 60 feet per mile (ft/mile) to the north and has a relatively 
flat base (Kelley 1967). It is described as a narrow embayment extending southward from the San 
Juan Basin (Kelley 1967). The synclinal axis of this asymmetrical sag lies closer to the west side 
of the Zuni Uplift, mirroring the axis of the Acoma Sag located east of the Zuni Uplift. This 
juxtaposition indicates that the Zuni Uplift was thrust over and onto the adjacent sag segments 
(Lorenz and Cooper 2001). 

2.1.2.5 Acoma Sag 
The Acoma Sag is bounded to the west by the Zuni Uplift, the Chaco Slope to the northwest, the 
Rio Puerco fault zone to the northeast, and the Lucero Uplift to the southeast (Figure 2.2). The 
synclinal axis of the Acoma Sag, the McCarty syncline, covers approximately 1,250 square miles 
(25-miles wide by 50-miles in length), and is situated adjacent to the eastern margin of the Zuni 
Uplift (Lorenz and Cooper 2001). The syncline gently plunges to the north and has been intruded 
by the Mount Taylor volcanics. 

2.1.2.6 Defiance Uplift 
The Defiance Uplift covers approximately 3,300 square miles (95-miles long by 35-miles wide) 
and marks the westernmost boundary of the San Juan Basin (Figure 2.2). The Defiance Uplift is 
described as a north-striking asymmetric uplift with its steepest limb along the eastern edge of the 
feature. The eastern-dipping limb forms the Defiance monocline and dips from 20° to 90° to the 
east (Lorenz and Cooper 2001). The monocline is disrupted by several southeast-plunging 
anticlinal and synclinal cross folds that exhibit an en echelon6 character, indicating right-lateral 
movement (Kelley 1967). 

2.1.2.7 Four Corners Platform 
The Four Corners Platform is a broad, northeast-trending structural element along the northwestern 
boundary of the San Juan Basin to the west of the Hogback monocline and between the Defiance 
and San Juan uplifts (Figure 2.2 and Figure 2.3). Although there is minimal topographic relief 
across the extent of The Four Corner’s Platform, it has 4,000 ft of structural relief and is expressed 
as a relatively flat and wide feature (Thaden and Zeck 1984). It is difficult to delineate the transition 
between the platform and the interior Central Basin even though this area has several 
anticlines/domes, suggesting that the boundary between them may be the result of wrench faulting 
along an irregular fault (Lorenz and Cooper 2001). 

2.1.2.8 San Juan Uplift 
The San Juan Uplift, also termed the San Juan Dome, is a roughly circular feature approximately 
60-miles in diameter that marks the northern boundary of the San Juan Basin (Figure 2.2). The 

 
6 Describing parallel or subparallel, closely-spaced, overlapping or step-like minor structural features that are oblique to the overall 

structural trend. https://glossary.slb.com/en/terms/e/en_echelon. Accessed April 2023 
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difference in structural relief between the highest point of the uplift and the deepest portion of the 
basin is approximately 20,000 ft (Lorenz and Cooper 2001).  

The southwestern edge of the San Juan Uplift is marked by the Needle Mountains which contain 
abundant sedimentary structures in the early Tertiary fluvial Ojo Alamo Sandstone. Analysis of 
the sediments suggests a south to southeast flow from the developing uplift (Steven 1975). During 
the Tertiary Period, volcanic and volcaniclastic strata generated by the active San Juan volcanic 
center covered much of the uplift and the northern region of the basin. The upper Animas 
Formation is age equivalent to the Tertiary volcanic activity and is composed of volcanic-rich 
coarse-grained sandstones and conglomerates (Lorenz and Cooper 2001). The Animas Formation 
has a maximum thickness of 2,700 ft along the northern region of the basin, suggesting that the 
northern edge of the basin was subsiding at that time (Fassett 1991). 

2.1.2.9 Archuleta Anticlinorium 
The Archuleta Anticlinorium, or Archuleta Arch, consists of a series of northwest-striking, parallel 
folds that form the northeastern boundary of the San Juan Basin separating it from the adjacent 
Chama Basin to the east Figure 2.2). The Archuleta Arch exhibits approximately 13,000 ft of 
structural relief in the San Juan Basin but only 1,500 ft of relief when contrasted with the Chama 
Basin (Lorenz and Cooper 2001).  

2.1.2.10 Nacimiento Uplift 
The Nacimiento Uplift is a well-documented transpressional7 structure consisting of a series of 
north-striking, tilted, Precambrian blocks protruding along the southeastern edge of the San Juan 
Basin (Figure 2.2 and Figure 2.3). The Nacimiento Uplift has an approximate 10,000 ft of 
structural relief relative to the adjacent Chama Basin. North-striking normal faults are parallel to 
the main region of the Nacimiento front and delineate smaller tilted fault blocks (Lorenz and 
Cooper 2001). Other segmented blocks are separated by east-west, northeast, and northwest 
striking faults that are interpreted to have absorbed some of the differential movement between 
individual blocks (Woodward and Callender 1977). The northern region of the Nacimiento Uplift 
merges with the Archuleta Anticlinorium creating a faulted anticline that plunges 10° to 20° to the 
north and smaller folds that subsequently end in the south (Slack 1973). 

The Nacimiento Uplift is marked by two phases of tectonism that occurred during the Laramide 
Orogeny. The first phase consisted of right-lateral displacement (2 miles to 3 miles) exhibited by 
remnants of north northwest to south southeast-striking en echelon folding along the western 
margin of the uplift (Baltz 1967). The second phase consisted of transpressive, right-lateral wrench 
faulting (Woodward 1983). During the late Tertiary Period, secondary reactivation of the uplift 
occurred due to extensional faulting along the Rio Grande rift (Kelley 1957). 

2.1.2.11 Rio Puerco Fault Zone 
The Rio Puerco Fault Zone lies between the Nacimiento and Lucero uplifts along the southeastern 
margin of the San Juan Basin (Figure 2.2). This fault zone comprises northwest-striking en echelon 
folds, northeast-striking en echelon normal faults, and a monocline (Slack and Campbell 1976). 

 
7 A segment along a transform or strike-slip fault which has a compressional component, sometimes creating related thrust faulting 
and mountains. https://opengeology.org/textbook/glossary/transpression/. Accessed March 2023. 
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The northeast-striking en echelon folds extend along the western margin of the Nacimiento Uplift, 
with some folds near the plunging southern area of the Nacimiento Uplift striking approximately 
north-south. The en echelon folds and normal faults are related to an early phase of Laramide 
deformation resulting in approximately 1.5 miles of right-lateral wrench offset (Slack and 
Campbell 1976). 

2.1.2.12 Hogback Monocline 
The Hogback Monocline is a long, arcuate structural feature that borders the Central Basin in all 
directions except the south and southwest (Figure 2.2 and Figure 2.3). The monocline,  

 is one of the most prominent structural features in the San Juan 
Basin, creating a subbasin within the basin (Kelley 1951). No other basin on the Colorado Plateau 
has such a clearly marked, continuous “monoclinal” feature (Kelley 1951). The Hogback 
Monocline dips steeply toward the Central Basin to the southeast. Along the Nacimiento Uplift, 
the Hogback Monocline is complexly faulted, and beds are locally overturned.  

The Hogback Monocline is interpreted as an eastward- to southeastward-directed thrust fault 
(Lorenz and Cooper 2001). Near the Farmington, New Mexico area, the Hogback Monocline 
generally strikes to the northeast. The Hogback Monocline consists of a sinuous rim of 
southeastward-dipping strata with overlying transpressional thrust faults disrupting the basement 
and above affecting Paleozoic strata (Lorenz and Cooper 2001). Two-dimensional (2D) seismic 
lines across this structure reveal a downward-flattening fault that exhibits both normal and reverse 
displacement depending on the age of offset (Taylor and Huffman 1988). Seismic cross-sections 
published in Huffman and Taylor (1999) display inward-directed, “sled-runner” thrust planes in 
front of many of the basin monoclines that have loosely connected segments of variable dip and 
displacement. The “sled-runner” thrust planes are aligned expressions of en echelon segments of 
right-lateral displacement along the eastern and western margins of the basin as well as southward-
verging thrust faulting resulting from the San Juan Uplift at the northern edge of the basin (Lorenz 
and Cooper 2001). 

2.1.3 Stratigraphy 

The San Juan Basin contains a thick sequence of sedimentary and igneous rock ranging from the 
Devonian Period to the Tertiary Period with the largest section deposited from Pennsylvanian 
Period to the Tertiary Period. The maximum thickness of the San Juan sedimentary sequence is 
approximately 14,400 ft within the Central Basin region (Figure 2.3). Figure 2.5 from Craigg 
(2001) presents the stratigraphic framework and nomenclature of the San Juan Basin. Figure 2.6 
presents the stratigraphic framework and nomenclature specific to the AoR and this Project while 
Figure 2.7 provides a type well log for the AoR. 
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Figure 2.5—Stratigraphic framework and nomenclature of the San Juan Basin (Craigg 2001). 
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Figure 2.7—Type well log for the project area showing all key stratigraphic markers and zones from surface 
down to the lower confining zone. Track 1 provides period and zone, track 2 contains gamma ray (GR), 
and track three contains shallow (ILS) and deep resistivity (ILD). 















Plan revision number: 0 
Plan revision date: 6/9/2023 
 

Class VI Permit Application Narrative for San Juan Basin, New Mexico Carbon Sequestration Project 
Four Corners Carbon Storage, LLC – Injector 1  Page 44 of 221 

Morrison Formation (Stone et al. 1983). The Bluff Sandstone is a medium-grained, mature arkose 
with an estimated thickness ranging from a few feet up to 300 ft. 

The Cow Springs Sandstone outcrops in the southwestern region of the basin and inter-tongues 
with the upper Todilto Member of the Wanakah Formation throughout much of this portion of the 
basin. To the east and northeast, the Cow Springs Sandstone thins and inter-tongues with the Horse 
Mesa Member of the Wanakah Formation, forming a broad, vertical intergradational zone with the 
Wanakah Formation (Condon and Huffman 1988). The Cow Springs Sandstone contains eolian 
and interdune environments consisting of cross-bedded to flat-bedded, greenish-gray, light 
yellowish-gray, and light-brown, well-sorted, fine- to medium-grained quartzose and arkosic 
sandstone (Green and Pierson 1977). It has a maximum thickness of approximately 300 ft but 
decreases to approximately 200 ft northward, just south of Crystal, New Mexico. Cow Springs 
thickness also decreases to approximately 90 ft eastward near Thoreau, NM (Craigg 2001). Cooley 
and Weist (1979) report that the Cow Springs Sandstone member yields some water to wells where 
it is hydraulically connected with the Morrison Formation in the southwestern region of the basin. 
No wells are known to produce water from the Cow Springs exclusively, but it is productive in 
combination with overlying and underlying zones. 

Condon and Huffman (1988) note that the lower facies of the Junction Creek Sandstone is 
correlative to the upper portion of the Todilto Member (Horse Mesa Member equivalent) and 
consists of cliff-forming, white to orange and red, planar-bedded and cross bedded, very fine- to 
coarse-grained quartzose sandstone (Condon and Huffman 1988).  

Morrison Formation 
The Morrison Formation is ubiquitous throughout the San Juan Basin, outcrops along the basin 
margins, and contains the most prolific regional aquifers in the basin (Craigg 2001). It is not 
classified as a USDW within the AoR. The Morrison Formation conformably overlies the 
Wanakah Formation and Cow Springs Sandstone throughout most of the San Juan Basin, but 
conformably overlies and inter-tongues with the Junction Creek Sandstone in the northern region 
of the basin. (Dam 1995; Craigg 2001). A disconformity separates the Morrison Formation from 
the overlying Dakota Sandstone, except in the northern region where the Burro Canyon 
conformably rests on the Morrison (Green and Pierson 1977). The Morrison Formation consists 
of yellowish-tan to pink, fine- to coarse-grained, locally conglomeratic sandstone interbedded with 
sandy siltstone and green to reddish-brown shale and claystone with occasional, minor beds of 
limestone (Craigg 2001). In the San Juan Basin, Morrison Formation thickness ranges from 200 ft 
near Grants, New Mexico to approximately 1,100 ft in the northwestern region of the basin (Dam 
et al. 1990). 

The Morrison Formation is composed of six members which are in ascending order: the Junction 
Creek Sandstone, Salt Wash Member, Recapture Member, Westwater Canyon Member, Brushy 
Basin Member, and Jackpile Sandstone Member (Grean and Pierson 1977). Table 2.5 summarizes 
the lithology, location, and thickness of each member. 
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region of the San Juan Basin. The Gallup thins southeastward from the Nutria monocline to the 
Arroyo Chico-Puerco area (Craigg 2001). 

Point Lookout Sandstone 
The Point Lookout Sandstone is the oldest formation of the Mesa Verde Group and the most 
extensive regressive marine beach sandstone within the San Juan Basin (Molenaar 1977). It 
outcrops outside the Central Basin area of the San Juan Basin typically forming cliffs, cap mesas 
and buttes, or erosion-resistant dip slopes and hogbacks. The Point Lookout Formation 
conformably overlies the Mancos Shale across the entire San Juan Basin. This contact is 
characterized by interbedded thin sandstone, siltstone, and shale that record a distinct offshore 
marine transition. It is conformably or disconformably overlain by the Menefee Formation with 
some inter-tonguing at the contact. Thickness of the Point Lookout Sandstone ranges from 
approximately 100 ft in the southern region of the San Juan Basin to 350 ft near the Colorado-New 
Mexico state line.  

Menefee Formation 
The Menefee is the middle formation of the Mesa Verde Group and outcrops beyond the margins 
of the Central Basin (Figure 2.9). It is characterized by an erosion-resistant sandstone that 
frequently caps isolated buttes and hillocks as well as shale sections that form slopes and broad 
valleys. Depending on the location, the Menefee either conformably or disconformably overlies 
the Point Lookout Sandstone and conformably or disconformably is overlain by the Cliff House 
Sandstone. It is usually mapped as an undivided formation, but in the southern region of the basin 
it is subdivided into three members which are in stratigraphic ascending order:  

1) the Clearly Coal Member, which contains carbonaceous shale and coal beds;  
2) the Allison Member, which contains thick stacked channel sands; and 
3) the upper Coal-Bearing Member like the Clearly Coal Member which contains 

carbonaceous shale and coal beds. 

The sandstone is lenticular, light brown to gray, thick to very thickly bedded, and fine- to medium-
grained with a clay matrix and various cement types. The siltstone is gray, thin to thickly bedded 
and tabular. The Menefee Formation thickness increases from north to south. pinching out in the 
northeastern region of the basin and thickening to a maximum of approximately 3,000 ft to the 
south (Cooley and Weist 1979).  

 



Plan revision number: 0 
Plan revision date: 6/9/2023 
 

Class VI Permit Application Narrative for San Juan Basin, New Mexico Carbon Sequestration Project 
Four Corners Carbon Storage, LLC – Injector 1  Page 49 of 221 

Figure 2.9—A simplified geologic map of the San Juan Basin (after Pecha et al. 2018). 

Cliff House Sandstone 
The Cliff House Sandstone is the uppermost formation in the Mesaverde Group (Craigg 2001). It 
is present in the northeastern region of the San Juan Basin and outcrops along the margins of the 
Central Basin where it caps mesas, and forms erosion-resistant dip slopes and hogbacks (Figure 
2.9). The Cliff House is conformably overlain by and inter-tongues with the Lewis Shale. The 
Menefee Formation is both conformably and unconformably overlain by the Cliff House and 
Lewis Shale in some regions where the Cliff House tongues pinch out.  

The Cliff House Sandstone consists of tan, light-brown, or yellowish brown, thick to very thick-
bedded and locally cross-bedded, very fine- to fine-grained sandstone with calcite or silica cement 
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and clay. Interbeds of gray shale and silty shale are common. The Cliff House attains a maximum 
thickness of 400 ft but is generally less than 200 ft across much of the eastern region of the San 
Juan Basin (Cooley and Weist 1979). Thickness variations are due to local inter-tonguing with the 
overlying Lewis Shale and underlying Menefee Formation.  

Lewis Shale 
The Lewis Shale is present in the northeastern region of the San Juan Central Basin and outcrops 
along its inside margin  (Figure 2.9). Locally, erosion-resistant siltstone and 
sandstone cap isolated buttes while less resistant shale forms slopes and broad valleys or flats. The 
Lewis Shale was deposited in an offshore marine environment. It conformably overlies and inter-
tongues with the Cliff House Sandstone, and conformably overlies both the Menefee Formation 
and Pictured Cliffs Sandstone. Strata in this formation represent the final major transgression of 
the Cretaceous Seaway in the San Juan Basin and are the youngest marine shale in the basin 
(Craigg 2001). 

The Lewis Shale consists of dark gray claystone and siltstone with thin platy beds of fine-grained 
sandstone and concretionary and shaley limestone. In the eastern region of the basin, the Lewis 
Shale contains zones of shaley sandstone (Cooley and Weist 1979). The shale progressively 
thickens eastward from its pinch-out near the “big bend” of the Chaco River to approximately 
2,000 ft to 2,700 ft of total thickness in Colorado (Cooley and Wiest 1979). 

Pictured Cliffs Sandstone 
The Pictured Cliffs Sandstone is present in the northeastern region of the San Juan Basin (Cooley 
and Wiest 1979) and conformably overlies the Lewis Shale. It outcrops along the inside basin 
margin to the northeast and northwest where the sandstone caps mesas and buttes or forms erosion-
resistant dip slopes (Figure 2.9). As the name implies, the Pictured Cliffs Sandstone is a cliff 
former, except along the southeastern outcrop belt, where it forms very thin, low, non-resistant 
slopes (Craigg 2001). Molenaar (1977) describes the Pictured Cliffs Sandstone as a regressive 
marine beach deposit. 

The Pictured Cliffs Sandstone consists of an upward-coarsening sequence of light gray to 
yellowish gray, thick- to very thick-bedded, very fine- to medium-grained, locally cross-bedded 
and bioturbated sandstone with frequent thin beds of dark marine shale in the lower section  of the 
formation. According to Molenaar (1977), the unit’s thickness varies from 0 ft to 400 ft, though 
the average is approximately 200 ft.  

Fruitland Formation 
The Fruitland Formation is present in the northeastern region of the San Juan Basin (Cooley and 
Wiest 1979) and outcrops along the inside margins of the Central Basin (Figure 2.9). It forms 
erosion-resistant sandstone that commonly caps isolated buttes and hillocks. Less resistant shale 
forms slopes, broad valleys, or flats. The Fruitland conformably overlies the Pictured Cliffs 
Sandstone local intertonguing at the contact, and conformably underlies the Kirtland Shale (Craigg 
2001).  
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The Fruitland Formation consists of lenticular beds of mudstone, siltstone, silty sandstone, 
sandstone, and coal. Total thicknesses range from less than 200 ft in the eastern basin to 250 ft and 
400 ft in Colorado, and then to a maximum of 700 ft in the southwestern region of the basin. 

Even though the Fruitland Formation yields small quantities of water to wells, it does form a 
confining layer above the Pictured Cliffs Sandstone (Cooley and Weist 1979). Information noted 
in well histories posted by the NMOCD indicate that the combined Fruitland Formation and 
Kirtland Shale are a significant source of coalbed methane production with associated water as a 
byproduct. The produced saline water is injected into  

. Geochemical water sampling data supported by petrophysical analysis of 
wireline logs collected near the AoR, indicate that the estimated TDS concentrations for the 

refer to 2.8.1 Fluid Chemistry for 
details). 

Kirtland Shale 
As with the Fruitland Formation, the Kirtland Shale is present in the northeastern region of the 
basin (Cooley and Wiest 1979) and outcrops along the inside margins of the Central Basin Figure 
2.9). The Kirtland Formation generally forms steep slopes below mesa or buttes that are capped 
by the overlying, resistant Ojo Alamo Sandstone (Craigg 2001). The Kirtland Shale conformably 
overlies the Pictured Cliffs Sandstone and is unconformably overlain by the Tertiary Ojo Alamo 
Sandstone.  

The Kirtland Shale is subdivided into three members: the Lower Shale Member, the Farmington 
Sandstone Member, and the Upper Shale Member. All of the members are generally composed of 
mudstone, siltstone, silty sandstone, and sandstone with minor beds of coal (Craigg 2001). 

Kirtland Shale thicknesses range from less than 200 ft in the eastern region of the basin, to 700 ft 
south of Farmington and then to as much as 1,200 ft in Colorado. Sandstone lenses within the 
Farmington Sandstone Member attain a combined thickness of as much as 350 ft (Cooley and 
Weist 1979). 

The Kirtland Shale yields only small quantities of water to wells in a few places outside of the 
AoR. South of the city of Farmington, New Mexico, the middle sandstone member contains a 
limited quantity of water of poor chemical quality (Cooley and Weist 1979). As noted in the 
Fruitland Formation section, the combined Fruitland Formation and Kirtland Shale are a 
significant source of coalbed methane production and its associated water. The produced saline 
water is injected into . Based on 
geochemical water sampling data, supported by petrophysical analysis of wireline logs collected 
near the AoR, TDS concentrations for  

  

2.1.3.4 Tertiary Formations 
The Tertiary San Juan Basin is one of several intra-foreland basins that developed within the larger 
Cordilleran Foreland Basin concurrently with adjacent uplifts. Tertiary strata represent the 
Cordilleran Foreland Basin fill and increase in thickness northeastward towards the Archuleta 
anticlinorium (Hart 2001). Cather (2004), states that lower Paleocene strata were deposited during 
a second phase of the Laramide Orogeny, which was characterized by rapid subsidence and 
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sandstone containing abundant silicified wood (Craigg 2001). The sandstone is medium- to coarse-
grained and commonly conglomeratic, containing pebbles that decrease in size and quantity from 
west to east across the Central Basin.  

Baltz (1967) reported interval thicknesses between 70 ft and 200 ft, while Stone et al. (1983) 
reported thicknesses ranging from 70 ft to 300 ft, with 50 ft to 150 ft being the most common range 
of values. 

Nacimiento Formation (Underground Source of Drinking Water) 
The Paleocene Nacimiento Formation is present in the northeast region of San Juan Basin and 
conformably overlies the Ojo Alamo Sandstone  This formation outcrops inside 
the southern and western margins of the Central Basin (Figure 2.9). It also outcrops in a narrow 
band along the western face of the Nacimiento Uplift. The Nacimiento Uplift is a non-resistant 
unit that erodes to low, rounded hills or forms a badlands topography. It grades laterally into the 
upper strata of the Animas Formation along a zone connecting the La Plata River valley near the 
New Mexico-Colorado state line (Craigg 2001).  

The Nacimiento Formation strata were mostly deposited in lake beds and less predominately in 
stream channels. It consists of interbedded black and gray shale with discontinuous white, 
medium- to very coarse-grained arkosic sandstone (Craigg 2001). Baltz (1967) noted that 
sandstone percentages increase northward. Stone et al. (1983) suggested that the formation may 
contain more sandstone than reported due to misinterpretation of poorly consolidated slope-
forming sandstones as shale. 

Molenaar (1977) presents the thickness of the Nacimiento Formation as ranging from 500 ft to 
1,300 ft. Baltz (1967) noted that it generally thickens from the Central Basin margins toward the 
center, but the thickness and extent of sandstone lenses decrease due to their depositional in 
localized stream channels. 

San Jose Formation (Underground Source of Drinking Water) 
The Eocene San Jose Formation is present in New Mexico and Colorado  
It is the youngest sedimentary formation in the San Juan Basin, except for an area near the western 
edge where the Chuska Sandstone is present. The basal contact of the San Jose Formation varies 
depending on location within the San Jose Basin. Along the basin margins, the contact is a 
disconformity, along the Nacimiento Uplift the contact is an angular unconformity, and in the 
Central Basin the contact is conformable (Baltz 1967). 

The San Jose Formation strata were deposited in a variety of fluvial environments and consist of 
an interbedded sequence of sandstone, siltstone, and variegated shale. The sandstone is buff to 
yellow and rust colored, cross bedded, very fine- to coarse-grained arkose that is locally 
conglomeratic and contains abundant silicified wood (Baltz 1967). The thickness of the San Jose 
Formation generally increases from west to east (Craigg 2001) and attains a maximum thickness 
of 2,400 ft in the east-central portion of the Central Basin. Stone et al. (1983) report a range of 
thicknesses from approximately 200 ft in the west and south, to nearly 2,700 ft in the center of the 
basin.  
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Quaternary Alluvium (Underground Source of Drinking Water) 
Quaternary alluvium occurs along most of the stream channels in the San Juan Basin  

The Alluvium consists of a heterogeneous mixture of sand, silt, and clay, 
as well as gravel and boulders in the larger channels. All drainages in the basin contain alluvial 
valley fill, and the valleys of the San Juan River contain extensive terrace deposits (Stone et al. 
1983). 

Terrace deposits typically do not exceed 30 ft in thickness and consist of boulder-sized gravel 
resting on benches cut into Tertiary bedrock units. These very well-rounded boulders are various 
igneous and metamorphic rocks, including cross-bedded quartzite. The terrace deposits were 
sourced from late Pleistocene glacial moraines in the Colorado mountains and are in 
disconformable contact with all of the underlying units (Stone et al. 1983). Within the valleys of 
the San Juan River and its tributaries, alluvium thickness generally does not exceed 100 ft, except 
in the Chaco Canyon area where thicknesses are at most 125 ft (Stone et al. 1983). 

Most water wells completed within the alluvium yield sufficient quantities of water for livestock 
and domestic use. The alluvium is often too thin and limited in extent to support continuous, large 
withdrawals except along the San Juan River (Cooley and Weist 1979).  

Throughout most of the basin, alluvium containing water flows toward the nearby streams and 
receives recharge from runoff from nearby hillsides, percolation from stream channels, and, 
occasionally, from underlying bedrock aquifers.  

2.1.4 General Hydrogeology 

2.1.4.1 Precipitation 
The climate of the San Juan Basin is classified as arid to semiarid with varied precipitation across 
the region. Annual precipitation is most plentiful (20 in. to 30 in.) in the mountain regions but the 
central region of the San Juan Basin receives less than ten inches of precipitation per year. The 
San Juan River west of Farmington, New Mexico and the north-flowing reach of the Chaco River 
receive less than eight inches of precipitation per year (Stone et al. 1983). Most precipitation occurs 
during the summer months due to local, intense thunderstorms. The summer moisture source 
originates from the Gulf of Mexico while the source of winter precipitation is the Pacific Ocean. 
The arid character results from mountain barriers and long distances lying between both sources 
and northwest New Mexico (Stone et al. 1983). 

2.1.4.2 Surface Water Resources 

Colorado River Drainage Basin 

Both the San Juan and Animas rivers flow into New Mexico from Colorado.  
is joined by the  and flows westward along an arcuate 
course, leaving the state near Four Corners (Stone et al. 1983). San Juan River flow ranges from 
1,975 cubic feet per second (ft3/sec) (Farmington, New Mexico) to 2,175 ft3/sec (Shiprock, New 
Mexico). San Juan River tributaries that contribute large quantities of water during stormflow 
periods include Canon Largo River, Gallegos Canyon River, Chaco River, and the La Plata River. 
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Figure 2.10—Surface geologic map highlighting the extent of Quaternary alluvium along the  
 rivers (after Scholle 2003). 
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(Stone et al. 1983). Better yielding sandstone aquifers of Tertiary through Jurassic age have 
transmissivities ranging from 25 ft2/D to 500 ft2/D. Specific storage, which is a function of aquifer 
porosity as well as aquifer and water compressibility, is similar for all confined aquifers and is 
approximately 10-6/ft of thickness (Lohman 1972). The specific yield of unconfined aquifers, 
including alluvial deposits and sandstones in or near outcrop areas, ranges from 0.1 to 0.3 (Lohman 
1972). 

2.1.4.6 Regional Flow 
Regional flow originates from topographically high outcrop areas toward lower outcrop areas as 
much of the aquifer recharge within the New Mexico region of the San Juan Basin occurs along 
the flanks of the Zuni, Chuska, and Cebolleta mountains (Figure 2.11). Recharge in 
topographically high areas along the northern and northeastern basin margins, including the San 
Juan Mountains in Colorado, also contributes to the regional flow systems (Stone et al. 1983). The 
main discharge regions of the basin include the San Juan River valley in the northwest and 
tributaries of the Rio Grande in the southeast. Steady-state analysis yields inflow and outflow rates 
of less than 20 ft3/sec for Tertiary aquifers and approximately 40 ft3/sec for Cretaceous and Jurassic 
sandstone aquifers (Lyford and Stone 1978). 

Numerous ephemeral alluvial-filled stream channels are principal sources of groundwater recharge 
in some regions, or principal locations of discharge in others. Most discharge to alluvial channels 
is lost to evapotranspiration; however, some of the water also moves as subsurface flow.  

Inter-aquifer movement of water, termed leakage, contributes to the San Juan Basin groundwater 
flow system. Differences in hydraulic head exceeding 200 ft, common between aquifers of the San 
Juan Basin, provide the driving mechanism for inter-aquifer movement. The geologic section 
displayed in Figure 2.11 (Kelley et al. 2014), depicts with arrows the likely direction of flow 
through confining beds.  

The amount of vertical movement between aquifers is difficult to ascertain; however, substantial 
differences in hydraulic head (more than 200 ft), as well as water quality between vertically 
adjacent aquifers, imply that leakage rates through intervening confining layers are low in most 
areas (Stone et al. 1983). Zones of high vertical permeability are characteristic of highly fractured 
areas, such as those along the Hogback monocline near the Four Corners region in the northwest, 
and the Rio Puerco fault zone in the southeast, though few permeability data are available.  
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Figure 2.14—Approximate depth to  
 

The Point Lookout Sandstone is  
Water wells are located outside the AoR and produce only small quantities from this 

interval. Petrophysical analysis of wells near the AoR indicates the TDS concentrations within the 
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Water Well List (NM OSE PODs)-dist.xlsx. Well files for all water wells within the AoR are 
provided in 3.4.1d_Water Well Files_NM-OSE.zip. 

Clean-Up Sites 
EPA clean-up site data is from the United States Environmental Protection Agency (EPA) Region 
06 Geospatial Data of Regulated Facilities or Cleanup Locations database13. No EPA cleanup sites 
are identified within the mapped area. 

State clean-up sites are sourced from the online New Mexico Environment Department’s State 
Cleanup Program (SCP) database14 and no active cleanup sites are present within the AoR or 
mapped area. 

Hydrologic Data (Surface Water and Springs) 
Hydrologic data is sourced from the USGS National Hydrography Dataset (NHD)15. Aside from 
seasonal washes and arroyos, no significant surface waters or springs are present within the AoR.  

Mines and Quarries 
Locations of mines and quarries are from the New Mexico Energy, Minerals and Natural 
Resources Department, Mining and Minerals Division16. There are no mines within the AoR. The 
nearest is  of the proposed 
Injector No. 1 location. 

Faults 
Surface fault locations are sourced from the USGS Quaternary Fault database17 as well as regional 
geologic mapping by Scholle (2003). Neither source identifies surface faults within the AoR.  

Structures Intended for Human Occupancy 
There are no structures intended for human occupancy identified within in the AoR. Potential 
structures are sourced from the New Mexico Department of Finance and Administration Address 
Point database via RGIS18. Points within the AoR were reviewed in conjunction with satellite 
imagery to confirm if a structure is present. The nearest potential structure for human occupancy 
is t of the AoR and  from the proposed injection site. 

 
13 https://www.epa.gov/frs/epa-frs-facilities-state-single-file-csv-download 

14 https://data-nmenv.opendata.arcgis.com/maps/85f43fe83e564d89a1d3b4b2d6a7129b/about, accessed January 9, 2023 

15 https://www.usgs.gov/national-hydrography/national-hydrography-dataset 
16  https://catalog newmexicowaterdata.org/dataset/emnrd-mmd-gis – Accessed 1/30/2023 

17 U.S. Geological Survey and New Mexico Bureau of Mines and Mineral Resources, Quaternary fault, and fold database for the 
United States, accessed 1 March 2023, at: https://www.usgs.gov/natural-hazards/earthquake-hazards/faults 
18 https://rgis.unm.edu/rgis6/dataset.html?uuid=cef558f9-9312-45b4-8e84-93450b38278e – accessed 4/10/2023 
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Tribal Boundaries 
Tribal boundaries are sourced from the Bureau of Land Management’s National Surface 
Management Agency database from the National Operations Center—Division of Information 
Resource Management19. 

 
19 https://gis.blm.gov/arcgis/rest/services/lands/BLM_Natl_SMA_Cached_without_PriUnk/MapServer – access 
3/9/2023 
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Figure 2.16—Area of Review basemap showing the location of the project wells: Injector 1, Monitor 1, and 
the Strat 1 and existing artificial penetrations in the mapped area, including oil and gas wells, water wells, 
and mines.  
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2.2.2 Structure Maps of the Injection and Confining Zones 
Structure maps on the top of the injection and confining  zones at 1:250,000 
scale are provided in Figure 2.17 and Figure 2.18, respectively. More detailed maps, using a scale 
of 1:24,000 showing all artificial penetrations, are provided in files uploaded separately: 
2.2.2_  Structure Contour Map_1-24k_ArchE.pdf and 2.2.2_  
Structure Contour Map_1-24k_ArchE.pdf.
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Figure 2.19—Geologic cross sections A and B running through the proposed injection well location extending from surface to below the base of the proposed injection zone (  The nearest offset wells penetrating are included. All significant 
stratigraphic zones are shown and USDWs are labeled and shown in blue. Well logs show gamma ray on the left track and deep and shallow resistivity on the right track. 
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Figure 2.19—Tectonic fracture model of the San Juan Basin (Lorenz and Cooper 2003). A dominant oldest 
set of vertical extension fractures striking primarily north northeast-south southwest was observed across 
the basin. These features are primarily the result of southward and northward indentation of the San Juan 
and Zuni uplifts.  
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Figure 2.20—Locations and strikes of the five basement fault types (after Taylor and Huffman 1998). 





Plan revision number: 0 
Plan revision date: 6/9/2023 

Class VI Permit Application Narrative for San Juan Basin, New Mexico Carbon Sequestration Project 
Four Corners Carbon Storage, LLC – Injector 1  Page 84 of 221 

Figure 2.21—Rose diagram of Strat 1 resistivity image log analysis showing open fractures in  
 The brown shaded regions 

summarize the orientation and frequency of cemented fractures. The farther radially a particular slice is 
shaded represents a higher number of fractures with that orientation. Note: Predominant fracture orientation 
has a strike with dips between  
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Figure 2.22—Strat 1 resistivity image log analysis showing cemented fractures within the  
. The pink shaded regions indicate the 

orientation and frequency of cemented fractures. The farther radially a particular slice is shaded represents 
a higher number of fractures with that orientation. Predominant fracture orientation has a  strike 
with dips between  
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Figure 2.26—  structure contour map (TVDSS) near the AoR.  
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Figure 2.34—Vertical stress gradient and uncertainty range (far right track). 
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Figure 2.39—Earthquake hazard based on USGS estimation26. The proposed injection site (red star) has 
low earthquake hazard, showing low peak ground accelerations (PGA) with a 2% probability of exceedance 
in 50 years.  

2.7 Hydrologic and Hydrogeologic Information [40 CFR 146.82(a)(3)(vi), 146.82(a)(5)] 

2.7.1 Hydrostratigraphy and Underground Sources of Drinking Water 
TDS and formation depth have a direct correlation (Figure 2.40). Kelley et al. (2014) gathered 
abundant data and plotted TDS versus depth for each of the water-producing units within the basin 
including  in descending 
stratigraphic order (Figure 2.41). 
 

 
26 https://www.usgs.gov/programs/earthquake-hazards/science/national-seismic-hazard-model 
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Figure 2.40—Schematic west to east cross section of the San Juan Basin illustrating that relatively fresh 
water (white areas) is found along the margins of the basin (after Kelley et al. 2014). Note, the water 
becomes increasingly saline toward the center of the basin (pink areas). USDWs within the AoR are 
highlighted in yellow. 
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Figure 2.42—Depth to top Ojo Alamo Sandstone (after Thorn et al. 1990). 
 

The Ojo Alamo Sandstone is a widely used source of domestic and stock water in the San Juan 
Basin. Small springs originate from sandstone beds within this stratigraphic interval, and it is 
recharged by water discharging from overlying sandstone beds of the Nacimiento Formation. 
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Cooley and Weist (1979) noted that sandstone beds are moderately cemented by silica, clay and 
iron-rich minerals and that the presence of cementation is the principal factor controlling 
permeability and yield. Based on TDS concentration data gathered near the AoR,  

 for this project. Figure 2.43 confirms 
the USDW character of the aquifer. 
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 Figure 2.44—San Jose, Nacimiento, and Animas isopachs (after Levings et al. 1990). 
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The Nacimiento Formation yields small amounts of water to a few wells from discontinuous, fine-
grained sandstone bodies indicating that the formation is probably only used as a local aquifer, 
though sandstones in the northeastern region of the basin may be a source of water to wells. In the 
southwestern region of the San Juan Basin, a thick shaly sequence in the overlying San Jose 
Formation separates the San Jose Formation water from the water contained in the underlying Ojo 
Alamo Sandstone. Water from wells tapping the Nacimiento Formation is used for domestic and 
stock purposes on ranches; however, it may locally contain high levels of TDS (Cooley and Weist 
1979). Based on TDS concentration data collected near the AoR, the  
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Figure 2.62—  TDS values within 20 miles of Injector 1. 
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Saturation indices were calculated with The Geochemist’s Workbench™, an interactive software 
that solves problems in aqueous chemistry. Fluid chemistry indicates that calcite, dolomite, and 
anhydrite are near equilibrium, and the indices rose from the initial fluid upon flowing through the 
cores (Figure 2.71). Even with the relatively short reaction time, these calculations indicate that 
the fluids are near equilibrium with carbonate mineral phases. All experiments were supersaturated 
with respect to clay minerals and near saturation with respect to quartz, but feldspar minerals 
ranged from above to below saturation. 

Figure 2.71—Saturation indices for the  experiments. 
 

The combination of flow-through experiments and saturation index modeling demonstrates that 
the  is expected to perform similarly in other siliciclastic reservoirs that undergo 
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Figure 2.72—Structural elements of the San Juan Basin. San Juan structural basin shown in red outline 
(after Merrill et al. 2016). Arrows along monoclines point in the downdip direction. 
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Figure 2.73—  structure contour map (TVDSS) near the AoR.  
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Figure 2.74—  structure contour map (TVDSS) near the AoR. 
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Figure 2.78—Regional cross section that highlights injection and confining zone lithologic homogeneity across the AoR. 
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3.0 AOR AND CORRECTIVE ACTION [40 CFR 146.82(A)(13) AND 146.84(B)] 

All information satisfying 40 CFR 146.82(a)(13) and 146.84(b-c) is described in 
3.0_aor_ca_plan_SJB_2023.06.09.pdf. 
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4.0 FINANCIAL ASSURANCE [40 CFR 146.82(A)(14) AND 146.85] 

Four Corners Carbon has submitted to the Financial Responsibility Demonstration module all the 
information and files required by 40 CFR 146.82(a)(14) to demonstrate that it meets the financial 
responsibility requirements of 40 CFR 146.85. 

The information and files submitted show the estimated costs provided by a third-party entity                            
care and site closure, and do any emergency or remedial response that may be needed.   Four 
Corners Carbon will obtain and submit EPA compliant financial instruments to meet the financial 
responsibility requirements of 40 CFR 146.85.  

Document 4.0_fa_demonstration_SJB_2023.06.09.pdf has been submitted which includes all 
requirements required by 40 CFR 146.82(a)(14) and 146.85. 
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5.0 INJECTION WELL CONSTRUCTION [40 CFR 146.86] 

This section includes the text, tables, and figures to fulfill the injection well construction data 
requirements listed at 40 CFR §146.82(a)(9), (11), and (12). There are three wells planned for the 
Project, Injector 1, Monitor 1 and Strat 1. Injector 1 and Monitor 1 are new wells that will be 
constructed. The Strat 1 well is an existing well that was constructed for CO2 service and will be 
utilized as a characterization well for this Project. The Injection Well Construction Plan includes 
all the information necessary to meet the requirements at 40 CFR §146.86. Figures 5.1, 5.2, and 
5.3 are wellbore diagrams of the proposed Injector 1, Monitor 1, and the existing Strat 1. Detail 
specifications for the casing, cement, tubing, and packer for Injector 1 are discussed below. More 
detailed information is provided in the “Construction Details” document 
(5.0_Construction_Details_SJB_2023.06.09.pdf) for the newly constructed wells for the Project. 

5.1 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 

Injector 1 is anticipated to need a stimulation program, after initial well perforation, over selected 
intervals. The zones that are perforated and acidized will be chosen based upon advanced well log, 
core, and formation testing evaluations. Additional data obtained from future wells (e.g., Injector 
1, Monitor 1) that are drilled and operated by Four Corners Carbon are anticipated to indicate the 
need for stimulation to remediate any drilling damage or improve injectivity caused by low 
formation porosity and/or permeability. Over the course of the project timeline, additional well 
data will become available as Monitor 1 and Injector 1 are drilled, and data is gathered. Core 
testing will be performed for fluid compatibility and reactivity. If a stimulation program is needed 
this data will be utilized in the stimulation design, that will be submitted to the USEPA Region 6 
for approval. Any downhole, injected chemicals will comply with state(s) and federal regulations.  

5.2 Construction Procedures [40 CFR 146.82(a)(12)]  

Permanently sequestering and preventing movement of the CO2 injectate into the USDW is a 
critical design criterion for Class VI wells. The design and operations of the injection and 
monitoring wells considers the injection volume, rate, chemical composition, and physical 
properties of the injectate fluid. Also considered in well design are the corrosive nature of the 
injectate fluid, and the interaction of the fluid with wellbore components. Operation of Injector 
No. 1 is designed to manage pore space utilization in the reservoir and to contain the CO2 in the 
authorized injection interval.  

Specialty metallurgy is often required to handle the potential for corrosive fluids, commonly 
referred to as Corrosion Resistant Alloys (CRA) in the industry. CO2 alone is not corrosive, but 
when combined with water, it can create carbonic acid with a pH as low as 3. In addition, other 
compounds such as hydrogen sulfide (H2S) can create a corrosive environment. The metallurgy 
selection for the Injector No. 1 considers the injectate makeup and is designed to withstand the 
potentially harsh environment presented by injecting CO2. The casing and cement are engineered 
to protect the USDW and prevent the injectate fluids from migrating out of the injection interval.  
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5.2.4 Continuous Monitoring Devices 
During and after injection, Four Corners Carbon will implement a continuous monitoring plan 
consisting of the following elements: 

Continuous Recording of Injection Mass Flow Rate  
The continuous mass flow rate of CO2 injected into the storage complex will be measured by 
a Coriolis flow meter transmitter for the injection well. The CO2 flow transmitters will be 
networked to the main CO2 storage site control center via a supervisory control and data 
acquisition (SCADA)-like system.  

Continuous Recording of Injection Pressure  
The continuous injection pressure of the CO2 will be measured at the injection well by a 
pressure transmitter. The pressure transmitter will be networked to the main CO2 storage site 
control center via a SCADA-like system. If the injection pressure exceeds 90% of  
fracture pressure it will send an alarm to the control center for corrective action.  

Continuous Recording of Injection Temperature  
The continuous temperature of the CO2 will be measured at the injection well by a temperature 
transmitter. The temperature transmitters will be networked to the main CO2 storage site 
control center via a SCADA-like system.  

Continuous Recording of Annulus Pressure  
The continuous annulus pressure between the long string . casing and the . casing 
will be networked to the control room via a SCADA-like system and will provide the operators 
with an alarm and high pressure shut-down. 

Bottomhole Pressure and Temperature  
Electronic pressure and temperature gauges will be installed in the borehole of each injection 
well to continuously monitor CO2 injection pressure and temperature (P/T) inside the tubing 
at the injection reservoir. The borehole P/T data will be networked to the main CO2 storage 
site control center via a SCADA-like system. 
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6.0 PRE-OPERATIONAL LOGGING AND TESTING [40 CFR 146.82(A)(8) AND 146.87] 

Document 6.0_pre-operational_testing_SJB_2023.06.09.pdf has been submitted including all 
requirements required by 40 CFR 146.82(a)(8) and 146.87. 
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8.0 TESTING AND MONITORING [40 CFR 146.82(A)(15) AND 146.90] 

The information and files have been submitted to the EPA as required by 40 CFR 146.82(a)(15), 
that the proposed Testing and Monitoring Plan meets the requirements of 146.90.  

The plan is described in: 8.0_tm_plan_SJB_2023.06.09.pdf. 
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9.0 INJECTION WELL PLUGGING [40 CFR 146.82(A)(16) AND 146.92(B)] 

The information and files submitted demonstrate, as required by 40 CFR 146.82(a)(16), that the 
proposed Injection Well Plugging Plan meets the requirements of 40 CFR 146.92(b).  

This section describes the injection well plugging plan the operator will implement in compliance 
with 40 CFR 146.92 after CO2 injection has ceased and injection well monitoring activities have 
been completed. The plan is described in: 9.0_plugging_plan_SJB_2023.06.09.pdf. 
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10.0 POST-INJECTION SITE CARE AND SITE CLOSURE [40 CFR 146.82(A)(17) AND 146.93(A)] 

The information and files submitted demonstrate, as required by 40 CFR 146.82(a)(17), that the 
proposed Post-Injection Site Care (PISC) and Site Closure Plan, meets the requirements of 
146.93(a). 

The Post-Injection Site Care and Site Closure plan is provided in: 
10_pisc_sc_plan_SJB_2023.06.09.pdf 
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11.0 EMERGENCY AND REMEDIAL RESPONSE [40 CFR 146.82(A)(19) AND 146.94(A)] 

The information and files submitted as required by 40 CFR 146.82(a)(19) show that the proposed 
Emergency and Remedial Response Plan (ERRP) meets the requirements of 146.94(a).  

The ERRP is provided in 11.0_err_plan_SJB_2023.06.09.pdf. 

 

 

  



Plan revision number: 0 
Plan revision date: 6/9/2023 

Class VI Permit Application Narrative for San Juan Basin, New Mexico Carbon Sequestration Project 
Four Corners Carbon Storage, LLC – Injector 1  Page 212 of 221 

12.0 INJECTION DEPTH WAIVER AND AQUIFER EXEMPTION EXPANSION 

Not Applicable—No injection depth waiver nor aquifer exemption expansion is requested or 
required. 
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13.0 OPTIONAL ADDITIONAL PROJECT INFORMATION [40 CFR 144.4] 

13.1 Environmental Justice 

The United States Environmental Protection Agency has established Class VI requirements to 
safeguard underground sources of drinking water and mitigate potential health hazards, 
particularly for populations located within or near the delineated area of review (AoR). The 
Regional EPA Underground Injection Control Directors play a vital role in protecting public health 
and must assess the risks associated with a proposed Class VI injection well within their 
jurisdiction. This includes identifying and addressing any potential environmental impacts on 
minority and low-income populations, as part of environmental justice (EJ) screening. 

According to the EPA, environmental justice (EJ) is defined as the fair treatment and meaningful 
involvement of all people regardless of race, color, national origin, or income with respect to the 
development, implementation, and enforcement of environmental laws, regulations, and policies 
(USEPA 1998).  

In evaluating potential EJ concerns resulting from the proposed Project, Four Corners Carbon 
followed the EPA’s guidance provided in “Geologic Sequestration of Carbon Dioxide - UIC Quick 
Reference Guide, Additional Tools for UIC Program Directors Incorporating Environmental 
Justice Considerations into the Class VI Injection Well Permitting Process” (USEPA 2011). 
According to this document, environmental justice is employed by UIC Program Directors and 
project owners or operators to “determine if any minority or low-income communities might be 
impacted by the proposed well” (USEPA 2011). As outlined in Step 2 of the guidance, under “EJ 
Steps for UIC Program Directors and Owners or Operators,” Four Corners Carbon “review[ed] 
site characterization data to determine if EJ communities reside within the AoR and may be 
impacted” (USEPA 2011).   

To evaluate any potential EJ communities residing within the Project AoR, Four Corners Carbon 
reviewed geospatial data to determine the demographics within the AoR.  The geospatial review 
indicated that no structures for human occupancy are present in the AoR; thus, the population 
within the AoR is zero residents. This conclusion was formed by analyzing the New Mexico 
Department of Finance and Administration Address Point database accessed via RGIS40 that is 
used to for New Mexico’s 911 program. This search found two address points present within the 
AoR (Figure 13.1). Next, a satellite imagery review of these locations indicated that no structures 
for human occupancy are present at these locations.  Further review across the AoR confirmed a 
lack of additional structures (Figure 13.2). Since the AoR is not populated there are no 
demographics to be assessed and no EJ communities reside within the AoR.   

The EPA's EJScreen tool inaccurately indicates that a population of people resides within the 
AoR. The tool is likely referencing population statistics that are mapped coarser than the size of 
the AoR. A disclaimer provided by EJScreen acknowledges this limitation: “Users should keep in 
mind that screening tools are subject to substantial uncertainty in their demographic and 
environmental data, particularly when looking at small geographic areas.”  Four Corners Carbon 

 
40 https://rgis.unm.edu/rgis6/dataset.html?uuid=cef558f9-9312-45b4-8e84-93450b38278e 
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relied on a review of geospatial data and satellite imagery to determine that there are no EJ 
communities residing within the AoR. 

Four Corners Carbon remains committed to the principles of environmental justice and will 
continue to consider potential impacts on all communities, particularly those that are historically 
marginalized and vulnerable, in this and future projects. This will include updating this population 
analysis regularly throughout the injection and monitoring periods and taking action to address 
potential EJ concerns should they arise. 

Even though no EJ communities reside within the AoR, Four Corners Carbon has prepared a 
community engagement plan to support meaningful engagement with surrounding communities 
outside of the AoR for all phases of injection well operation, construction operations, and 
eventually decommissioning. This engagement plan will ensure culturally appropriate engagement 
with traditionally underserved or disadvantaged communities and Four Corners Carbon will create 
and distribute all communication materials in an effective and culturally appropriate manner for 
all involved. 

The engagement plan will include a feedback loop to enable nearby communities to meaningfully 
participate and engage in discussions regarding project activities. The grievance mechanism will 
be transparent and well-documented to ensure that community members have equitable access to 
raise concerns and receive answers to questions, concerns, and comments about the injection well 
and its associated project activities. Opportunities for anonymous engagement and dialogue will 
be integrated into the engagement plan to ensure there is no retaliation against any community 
members.  
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Figure 13.2—Satellite imagery map of the AoR from Google Earth (imagery date: 4/6/2019) showing the lack of structures for human occupancy within the AoR. Brown squares indicate locations of addressed from the NM Department of Finance 
and Administration Address Point database. No enclosed structures are present at these locations.
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13.2 The National Historic Preservation Act of 1966 [16 U.S. Code 470] 

Four Corners Carbon evaluated the existence of historic places recorded in the National Register 
of Historic Places within the AoR of Injector No. 1 (Figure 13.3). There are no historic places in 
the Register within the AoR or plume boundary.  

13.3 The Endangered Species Act [16 U.S. Code 1531] 

Four Corners Carbon reviewed the U.S. Fish & Wildlife Service’s Information for Planning and 
Consultation tool41 (IPAC) to evaluate the potential presence of endangered, threatened, and 
candidate species ranges and critical habitat within the AoR. No critical habitats are present within 
the AoR. The AoR is within the known or expected ranges of the species listed in Table 13.1 
below. 

For Corners Carbon will comply with all federal and state laws for surface operations, such as 
drilling permits and seismic surveys, for the planned injection and monitoring well. 

 
41 https://ipac.ecosphere fws.gov – accessed 5/4/2023 












