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HYDROGEOLOGIC INVESTIGATION REPORT 

Baca-Thoreau Water System Well Project 
Navajo Nation, McKinley County, New Mexico 

 
November, 2017 

 
1.0 INTRODUCTION AND BACKGROUND 

Souder, Miller & Associates (SMA) has prepared this hydrogeologic investigation for the Water 
Management Branch and Baca-Prewitt Chapter of the Navajo Nation in order to address the 
findings of the Baca-Thoreau Preliminary Engineering Report (PER) prepared by SMA in April, 
2016.  This report was prepared to determine potential groundwater sources for the water 
system supplying the Thoreau and Baca-Prewitt Navajo Chapters (herein referred to as the 
Baca-Thoreau Water System) located approximately 35 miles southeast of Gallup within 
McKinley County, New Mexico.  This system serves approximately 1,700 people (470 homes), 
and the community is projected to grow to a population of 2,500 people (700 homes) by 2035 
(SMA, 2016).  The project location map is illustrated on the vicinity map and aerial photo maps 
included as Figures 1 and 2, respectively.  The 2015 water demand for the Baca-Thoreau system 
was approximately 103,000 gallons per day, and is expected to increase to 153,000 gallons per 
day by 2035. 

1.1 Baca-Thoreau Water System Overview 

The Baca-Thoreau water distribution system is approximately 40-years old and utilizes two 
supply wells within the Thoreau Chapter which were built in the 1970’s and 1980’s.  Currently, 
the wells are pumped for extended periods of time (more than the IHS maximum pumping 
standard of 12 hours/day) to meet the demands of the Baca-Thoreau Water System.  

Water from the two wells is pumped through 4-inch and 6-inch diameter Polyvinyl Chloride 
(PVC) distribution lines and supplied to seven storage tanks within the service area.  Six of the 
storage tanks are located proximal to the Thoreau Chapter, with a total storage capacity of 
approximately 237,000 gallons.  One storage tank is located near the Baca Chapter with a 
storage capacity of 100,000 gallons. 

1.2 Statement of Problem 

The main concern of the Baca/Prewitt Chapter, Thoreau Chapter, the Navajo Tribal Utility 
Authority (NTUA), and the Navajo Nation is the lack of an adequate water supply in the 
community. The Baca/Prewitt Chapter is currently being supplied through a regional 
interconnection with the adjacent Chapter of Thoreau water system.  However, the regional 
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water system currently does not have adequate water supply from the two active wells in the 
Thoreau Chapter to supply the current demand of the combined Baca-Prewitt and Thoreau 
service areas. If one or both wells were to fail, it would result in an emergency shortage of 
water in the service area, and would pose a threat to the health, sanitation, and security of the 
residents of the service area. This would be particularly dangerous if the West Thoreau well, 
which supplies most of the water in the service area, failed.  

A new water supply in the service area would reduce the risk of a water shortage emergency in 
the communities if either current well fails, and would provide a much-needed redundant 
source for the system.   

 

2.0 PROJECT APPROACH 

SMA initiated the project by reviewing available literature and documents from existing wells 
and hydrologic investigations near the project area.  Information that was compiled and 
reviewed included geologic maps and data, NTUA as-builts and well records, New Mexico Office 
of the State Engineer (NMOSE) well records data, personnel interviews, and New Mexico 
Bureau of Geology and United States Geological Survey (USGS) publications.  Local water well 
drillers were also contacted to gain first-hand information on aquifer characteristics, water well 
production, depth, and locations.  This information is summarized below with 
recommendations for the location and design of the proposed supply well. 

 

3.0 GEOLOGY AND SITE SETTING 

3.1 Regional Geology 

The Baca-Thoreau Water System project area is located approximately 35 miles southeast of 
Gallup, New Mexico near the Interstate 40 corridor.  The location of the project area is 
indicated on the topographic vicinity map included as Figure 1.   

The project area is located within the southeast portion of the Colorado Plateau, a large 
geologic feature spanning portions of Arizona, Utah, New Mexico, and Colorado characterized 
by relatively continuous sedimentary rocks of Mesozoic age. These sedimentary rocks, 
composing the exposed, high cliffs in the areas around Gallup are typically continuous over 
large areas and in many cases, act as regional aquifers.  

Although the project is in an area of relative stability, a major structural feature is located 
southwest of the project area.  The Baca/Prewitt Chapter is located on the northwest boundary 
of the Zuni Uplift, a geologic feature resulting from the indention of a dense portion of crust 
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approximately 10 miles in diameter into the Colorado Plateau cratonic block (Chamberlin and 
Anderson, 1989).  The collision of the denser material resulted in the deformation and uplift of 
the area spanning from just east of Gallup to south of Grants, known as the Zuni Uplift.  The 
Zuni Uplift was thought to have occurred during the Eocene Epoch (55 to 35 million years ago), 
resulting in the deformation of Paleozoic and Mesozoic rock units. Several large-scale fold 
structures, with a general easterly dip, have resulted in a locally irregular geology.   

3.2 Site Setting  

The Baca/Prewitt and Thoreau Chapters are located within the Semiarid Tablelands of the 
Arizona/New Mexico Plateau Ecoregion (Griffith et al., 2006) at an elevation ranging from 7,100 
to 7,400 feet above sea level.  This ecoregion is characterized by the presence of mesas, 
plateaus, and canyons formed from gently dipping, often exposed, sedimentary rock units.  
Vegetation in this ecoregion generally consists of Dropseed and Grama grasses, saltbush, and 
Piñon and Juniper woodlands (Griffith et al., 2006). 

Data from the Western Regional Climate Center (WRCC, 2017) indicates that during the period 
from 1929 to 1992, the Thoreau, New Mexico Co-Op station received an average of 10.7 inches 
of precipitation per year, with the wettest months occurring during the southwest monsoon 
season from July to October.  Evaporation from the region, as indicated by the National Oceanic 
and Atmospheric Administration Evaporation Atlas (NOAA, 1982) for surface water (shallow 
lakes) is approximately 47 inches per year.  The average daily high temperature in the area is 
65°F, and the average daily low temperature is 36°F (WRCC, 2017).   

3.3  Local Geology 

In the Thoreau and Baca/Prewitt area, geology is dominated by Mesozoic and Paleozoic-aged 
units.  The local surface geology of the area was mapped at a 1:24,000 scale by Jacques F. 
Robertson in 1990 (USGS publication GQ-1675). A portion of the Thoreau, New Mexico 
quadrangle geologic map as prepared by Robertson, as well as portions of the Thoreau NE 
Geologic Map (Green & Pierson, 1971), and the Continental Divide Geologic Map (Green, 1976) 
are included as Figure 3.  Geologic unit descriptions and a north-south geologic cross section of 
the area adapted from Robertson (1990) are included as Figure 3A.   

A summary of the predominant geological formations found near the project area is included 
below.  The descriptions are organized by the age of the units (youngest to oldest), and are 
summarized graphically by the stratigraphic column included as Figure 4.  The thickness 
indicated in the section is estimated and reflects approximate depths of each unit as indicated 
in several borings advanced in the area. 
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3.3.1 Cenozoic Units 

The Thoreau and Baca/Prewitt area is locally underlain by relatively young Quaternary alluvium, 
colluvium, and eolian sediments. The Quaternary alluvium and colluvium consist of 
unconsolidated clay, silt, and sand that was derived from bedrock in surrounding topographic 
highs and transported to the lower elevation predominately by surface water flow.  The 
Quaternary eolian deposits, located primarily east of Thoreau, consist of well sorted sand 
transported by wind processes.  The Quaternary sediments in the area are usually less than 100 
feet thick.  

3.3.2 Mesozoic Units 

Mesozoic Units dominate the project area, and are present as outcrop exposures to the north 
of the Thoreau Chapter extending to depths in excess of 1,000 feet. 

Mancos Shale 
The youngest Mesozoic-aged formation near the project area is the Cretaceous Mancos Shale, 
which is composed of three primary members, including the Pescado Tongue, consisting of 
dark-gray shale and limestone, the Rio Salado Tongue, consisting of gray shale and lighter 
siltstones, and the Whitewater Arroyo Tongue, a yellowish-gray silty shale.  The Mancos Shale is 
not present in the project area, and only occurs as outcrop at high elevations above 8,200 feet 
above mean sea level (amsl) approximately one mile north of Thoreau, as indicated on the 
geologic map included as Figure 3.   The formation has a thickness of approximately 300 feet 
north of the project area. 

Dakota Sandstone 
The Mancos Shale is underlain by the Dakota Sandstone, a middle Cretaceous unit with an age 
of approximately 145-100 Ma.  The Dakota Formation forms the “cap” of the bluffs to the north 
of Thoreau, present only at elevations above 8,000 feet amsl in the project area.  The Dakota 
was emplaced as part of a marine transgression, and represents shallow marine and fluvial 
depositional environments (Anderson, 1983).  The Dakota Sandstone consists of two members:  
the Twowells Tongue, consisting of light gray to yellow-gray cross-bedded sandstone; and the 
Main Body, consisting of brown to light gray sandstone.  The Main Body Member also includes 
interbedded conglomerate and shale facies deposited by fluvial systems. The Dakota Sandstone 
has a total thickness of approximately 150 feet north of Thoreau. 

Morrison Formation 
The Dakota Formation is underlain by the Jurassic Morrison Formation, which is divided into the 
Brushy Basin, Westwater Canyon, and Recapture Members (Robertson, 1990), and composed 
primarily of fluvial sandstones, siltstone, and shale.  The Brushy Basin Member is characterized 
by a distinct green-gray color, is composed primarily of a kaolinite-rich siltstone, and has a 
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thickness of approximately 100 feet north of Thoreau.  The Westwater Canyon is composed of 
pink-orange-red arkosic, coarse-grained sandstone and gravel, and has a thickness of 
approximately 200 feet north of Thoreau. The Westwater Canyon is considered a good, regional 
aquifer north of the project area near Crownpoint, and was commonly mined for uranium ore 
in the region.  The Recapture Member is a red-brown fine-grained sandstone with a thickness 
of approximately 300 feet north of Thoreau. 

Cowsprings & Summerville Formations (Zuni Sandstone) 
Underlying the Morrison Formation is the Jurassic Cow Springs and Summerville Formations, 
formerly referred to as the Zuni Sandstone (Anderson, 1993).  These formations are red-gray-
brown, fine-grained sandstone and siltstones, and are often difficult to distinguish from each 
other when utilizing drilling cuttings.  The Summerville and Cow Springs Formations have a 
combined thickness of approximately 550 feet in the project area. 

Todilto Limestone 
The Summerville is underlain by the Todilto Limestone, which acts as a common subsurface 
marker bed in the region.  The Todilto is a gray-white, competent limestone with abundant 
gypsum, and forms an abrupt contact with the overlying Summerville formation.  The Todilto 
Limestone has a thickness of approximately 40 feet in the area. 

Entrada Sandstone 
The Jurassic Entrada Sandstone is present below the Todilto Limestone, and consists of a tan-
brown-red fine-grained eolian sandstone.  The Entrada has a thickness of approximately 200 
feet in the region, and acts as an aquifer in areas to the north of Thoreau near Smith Lake.   

Chinle Formation 
The Entrada Sandstone is underlain by the Triassic Chinle Formation, which consists of a red-
brown-purple shale that is present through much of western New Mexico and Arizona.  The 
Chinle is present near the surface to a depth of approximately 1,100 feet in the Thoreau area, 
and is divided into three generalized members– the Upper Chinle, the Sonsela Sandstone, and 
the Lower Chinle.  The upper and lower Chinle Members consist of shale with minor siltstone 
interbeds, and each have thicknesses of approximately 400-600 feet.  The Sonsela Sandstone 
Member is a relatively thin (50-100 feet) unit which is present between the upper and lower 
members, and consists of a coarse-grained sandstone and basal conglomerate.  The Sonsela 
acts as an aquifer in the area, and is utilized by many livestock and domestic wells in the area; 
additional information on the aquifer characteristics are detailed in Section 4.2. 

3.3.3  Paleozoic Units 

Underlying the Triassic-aged Chinle Formation are the Permian San Andres Limestone and 
Glorieta Sandstone. The San Andres consists of a gray to light gray limestone with significant 



___________________________________________________________________________ 6 

 

fracturing and karstification, and has a thickness of approximately 100 feet in the region. The 
Glorieta Sandstone underlies the San Andres and is composed of well-sorted pink fluvial 
sandstones, and has a local thickness of approximately 150 feet. These two formations were 
deposited during a period of ocean transgression, and form a single aquifer in the area.  The 
San Andres/Glorieta Formations are located at depths ranging from 1,000 feet below ground 
surface in the southern portion of the project area to approximately 2,700 feet north of 
Thoreau near Smith Lake. 

3.4 Geological Structure 

As discussed in Section 3.1, the project area is located within a relatively stable section of the 
Colorado Plateau, with most of the sedimentary formations being relatively continuous with a 
slight dip (2-4°) to the north.  However, a very large structural feature, the Bluewater Fault 
Zone, is present approximately four miles east of Thoreau. The fault zone generally runs north-
south, and trends along New Mexico State Highway 371, as indicated on Figure 3.  The 
Bluewater Fault Zone displaces geologic units by up to 400 feet and can affect regional 
groundwater flow.  Units on the east side of the fault are generally down-dropped (deeper) 
relative to the western side of the fault (Robertson, 1990).   

 

4.0 HYDROLOGY 

SMA conducted an extensive review of published literature for the Baca/Prewitt-Thoreau area, 
and obtained information on existing water well construction, location, and water quality from 
the Navajo Tribal Utility Authority (see Appendix C), New Mexico Office of the State Engineer 
(NMOSE) WATERS online database (NMOSE, 2017, see Appendix D) and the United States 
Geological Survey (USGS) well database (USGS, 2017, see Table 3).  As described previously, 
drillers in the Grants-Milan area were interviewed as well.  Aerial photos showing the project 
site location and surrounding wells on file with the NMOSE, USGS, and NTUA (labeled with 
index number & keyed to Tables 2 and 3) are included on Figure 2.   

The project area (outside of the Navajo Nation) is located within the NMOSE Bluewater 
Underground Management Basin.  Several areas near the project, including the Tri-State Power 
Station approximately seven miles east of Thoreau and the Transwestern Pipeline Facility 
located approximately 1.5 miles northwest of Thoreau, have been pump tested and 
documented in hydrogeologic studies (Shomaker, 1981).   

The NMOSE Waters and USGS databases were utilized to obtain information on existing wells 
and potential aquifers in and near the project area.  Information from nearby wells, including 
depth to water, total depth, and each well’s target aquifers is summarized in Table 3. Potential 
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and primary aquifers near the project area are described below. 

4.1 Upper Chinle Formation Aquifer 

Several shallow wells (typically less than 300 feet) near the Thoreau area are completed within 
the shallow alluvial sediment or the Upper Chinle Formation.  These shallower wells are almost 
exclusively used for livestock and do not appear to yield significant water.  NMOSE records 
indicated one livestock well in the area east of Thoreau (NMOSE File Number B-0900-X, Index 
No. 17, Figure 2) is completed within isolated sand lenses and fractures within the upper Chinle 
at a depth of 300 feet below ground surface and produces upwards of 15 gpm. Water quality 
information was not available for review in literature.  The magenta well markers in Figure 2 
illustrate the location of wells completed in the upper portions of the aquifer.   

4.2 Sonsela Sandstone Member Aquifer 

4.2.1 Aquifer Characteristics 

The Sonsela Sandstone is present at depths ranging from as shallow as 150 feet south of 
Interstate-40 to over 700 feet north of Thoreau. The formation acts as a primary aquifer for 
several domestic wells and older municipal wells in the Thoreau and Baca/Prewitt area.  Figure 
5 is a structural contour map illustrating the elevation of the top of the Sonsela formation as 
documented in well logs available for the area.   

The aquifer acts as a semi-confined unit in the Thoreau area, with water typically pressurized to 
300-400 feet above the top of the formation. Groundwater flow in the Sonsela near Thoreau 
and Baca/Prewitt is generally to the southeast (Cooper & John, 1968).  Limited information is 
available regarding regional draw-down in the aquifer.   

4.2.2 Existing Wells & Infrastructure 

The Sonsela Sandstone is utilized by many wells within the Thoreau area.  As mentioned in 
Section 4.2.1., many domestic wells within Thoreau proper, the Transwestern Pipeline well 
(Index No. 18, Figure 2), and several tribal wells, including 16T-349 and 16T-676, are completed 
within the Sonsela Sandstone.  Wells within the Sonsela report production up to 30 gallons per 
minute (NMOSE well logs), although most wells yield between 5-20 gpm (Cooper & John, 1968).  
The blue well markers in Figure 2 illustrate the location of wells completed in the Sonsela 
Sandstone aquifer.   

4.2.3 Water Quality 

Water quality from the Sonsela is generally good.  Water quality results from the former 
Thoreau well (16T-349) collected in 1966 indicated very good water quality, with low total 
dissolved solids (TDS), metals, and sulfate content.  This agrees with measurements compiled 
from several other wells in the area by Cooper & John (1968), who report generally good 
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quality, with TDS concentrations typically less than 1,000 mg/L.  However, as few wells 
completed within the aquifer are currently utilized for municipal supply, limited information is 
available regarding the majority of EPA Primary Water quality standards; as such, there is 
potential that water within the Sonsela may have elevated radiogenic or metal concentrations 
that have not been reported in literature. 

4.3 San Andres & Glorieta Formation Aquifer 

4.3.1 Aquifer Characteristics 

The San Andres Limestone and Glorieta Sandstone act as a reliable aquifer throughout much of 
New Mexico. In the Thoreau area, these units are located at depths of approximately 1,100 to 
1,500 feet below surface.  Figure 6 is a structural contour map with the approximate elevation 
of the top of the San Andres/Glorieta aquifer in the project area.   

Groundwater flow in the San Andres/Glorieta aquifer is typically transmitted through fractures, 
dissolution channels, and karst structures (Baldwin & Anderholm, 1992). The aquifer is 
confined, with water typically pressurized to 800-900 feet above the top of the formation.  In 
the Thoreau area, depth to water is reported as shallow as 170 feet to 350 feet below ground 
surface. The groundwater flow direction within the San Andres Limestone in the Thoreau area 
is thought to be to the northeast (Baldwin & Anderholm, 1992). 

4.3.2 Existing Wells & Infrastructure 

The San Andres/Glorieta aquifer is currently utilized by the West Thoreau (16T-614), JW Camp 
(16T-594), Town of Thoreau (NMOSE File No. B-0386) and Thoreau High School Well (Index No. 
31, Figure 2) supply wells.  The inactive Navajo tribal well 16K-334 also utilizes this aquifer.  As 
summarized in Tables 1 and 3, these wells have a range of production from 30 gpm upwards of 
100 gpm.  The regional aquifer transmissivity near the Thoreau area is estimated to be 
approximately 140 ft2/day (Baldwin & Anderholm, 1992); this agrees with pump test 
information from the 16T-614 Navajo tribal well and the Transwestern Pipeline supply well 
(Index No. 18, Figure 2), which indicated transmissivities of 118 ft2/day and 100 ft2/day, 
respectively (Well Records & Shomaker, 1981).  These values are significantly greater than the 
64 ft2/day transmissivity calculated from pump testing conducted in Tribal well 16T-529, 
suggesting a significant amount of variability within the San Andres/Glorieta aquifer.  Specific 
capacities of wells completed in the formation are also variable; the 16T-529 well reports a 
specific capacity of approximately 0.14 gallons per minute per foot (gpm/ft) at a pumping rate 
of 21 gpm (NTUA/HIS 16T-529 Well Records, Appendix C).  However, the specific capacity in 
16T-614 was calculated to be much higher at 0.2 gpm/ft at a pumping rate of 100 gpm 
(NTUA/IHS 16T-614 Well Records (1982), Appendix C).  The Thoreau High School well reports a 
specific capacity of 0.3 gpm/ft, which is similar the 16T-614 West Thoreau well (NMED Drinking 
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Water Watch, 2017).  The red well markers in Figure 2 illustrate the location of wells completed 
in the San Andres/Glorieta.   

Several Navajo Chapters in addition to the Baca/Prewitt-Thoreau system utilize the San 
Andres/Glorieta Aquifer for their water supply.  The Ramah Chapter, located approximately 30 
miles south of Thoreau, utilizes the San Andres Formation for their Jacobs Supply Well, which 
produces up to 150 gpm (Yazzi, 2013).  Information obtained from pump tests south of Zuni 
Pueblo (Crouch, 1991) indicates production upwards of 200 to 300 gpm, suggesting production 
from the unit increases south of the Thoreau-Baca/Prewitt area.  

4.3.3 Water Quality 

Groundwater quality from the San Andres/Glorieta Aquifer is highly variable, and can range 
from very good to highly mineralized (White & Kelly, 1989).  The Thoreau Tribal wells have 
relatively good water quality, with no frequent exceedances of Primary or Secondary Safe 
Drinking Water Act maximum contaminant levels (MCLs).  However, the JW Camp well (15T-
529) has documented one sampling event in which a concentration of total radium (sum of 
radium-226 + radium-228) was detected in excess of the Primary MCL (Table 3).  The Town of 
Thoreau well also reports occasional exceedances of total radium from their water treatment 
plant (NMED Drinking Water Watch, 2017), and are reported to contain elevated secondary 
contaminants.  It is unclear if these exceedances are occurring predominantly from one well or 
are resulting from both active wells. Measurements from Thoreau-area wells report TDS 
concentrations between 250-600 mg/L, which is low or comparable to other carbonate-hosted 
aquifers in New Mexico.   

 

5.0 NEW WELL LOCATION EVALUATION 

After reviewing the information summarized above regarding the local hydrogeology and water 
quality in the area, SMA has delineated an area for installation of a supply well.  The area is 
located primarily to the north and west of the Town of Thoreau, as illustrated in Figure 7.  This 
area was delineated based upon the land surface elevation, depth to target aquifers (San 
Andres/Glorieta Aquifer, with potential to also screen Sonsela Aquifer) and existing 
infrastructure.  Following delineation of the area for installation of a supply well, SMA selected 
three proposed well installation locations based upon land status, the availability of electrical 
power, and the proximity of existing water transmission infrastructure.  The three proposed 
well installation locations are illustrated on Figure 7.   

Anthropogenic factors have the potential to influence the efficient operation and water quality 
of wells.  SMA assessed the proposed Well Location 3 for well interference from nearby existing 
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wells, and also evaluated potential sources of contamination in the surrounding area.   

5.1  Well Interference Assessment 

Two tribal wells (16T-529 and 16T-614), two Town of Thoreau municipal supply wells, and 
several domestic and livestock wells utilizing the San Andres/Glorieta aquifer are operating 
within two miles of the proposed well locations. To evaluate potential interference from the 
pumping wells on the proposed well locations, SMA completed Theis calculations for all three 
proposed well installation sites utilizing the location of tribal and NMOSE-registered wells in the 
area. As aquifer characteristics for the Sonsela Aquifer are not available, SMA only evaluated 
effects in the San Andres/Glorieta Aquifer.  

For the calculation, SMA assumed an aquifer transmissivity of 140 ft2/day (Baldwin & 
Anderholm, 1992), and an aquifer storativity of 4x10-4 (Frenzel, 1992) for the San 
Andres/Glorieta Aquifer.  The calculation was performed for a 20-year pumping period, and 
assumes that the newly installed well will be pumped at a rate of 120 gpm for 12 hours per day, 
resulting in an annual diversion of 100 acre-feet.  The Theis calculation was completed for each 
proposed well location, assuming a single well will be installed (not a well at each proposed 
location).   

The results of the Theis calculation, included in Appendix B, shows potential drawdown induced 
by a new supply well for each proposed location over a 20-year pumping period.  The effects of 
pumping from each proposed well location on 16T-529, 16T-614, and the nearby Thoreau High 
School well are summarized below: 

Drawdown Potential in Existing Wells over a 20 Year Pumping Period (feet) 

Proposed Well Site 16T-529 16T-614 Thoreau H.S. Well 

Well Site No. 1 84 73 58 

Well Site No. 2 74 59 44 

Well Site No. 3 56 64 98 

 

The calculations indicate the most favorable location, resulting in the least interference in 
existing wells, would be Well Location 2, which would only induce a maximum of 74 feet of 
drawdown in the nearest existing well.  However, this location is distal from existing three-
phase electrical service, and would require approximately two miles of three-phase power lines 
to be installed to provide service the well.  Well Location 1 is closer to existing power 
infrastructure (0.9 miles away), but its proximity to the 16T-529 & 16T-614 wells will induce 
slightly more drawdown (up to 84 feet).  Well Location 3 falls in the middle, with a maximum 



___________________________________________________________________________ 11 

 

drawdown potential of 64 feet in existing, active Tribal supply wells, but the potential to greatly 
influence a nearby supply well for Thoreau High School.  Electrical service is also much closer to 
this location, being present only 1,600 feet away.  However, the siting of Well Location 3 may 
negatively affect the existing NTUA water system hydraulics. Preliminary hydraulic evaluation 
revealed that construction of the well and tie-in to the existing system at Location 3 would 
increase maximum pressures in the existing water distribution line to near the rated pipe 
pressure rating, which could potentially damage the pipeline. 

Although the potential for interference from Well Location 1 is greater than the other locations, 
the difference is relatively minor, with predicted drawdowns only 15% greater than what was 
calculated for Well Location 2.  Well Location 1 will allow for the best balance of cost savings to 
connect with existing tribal infrastructure while still being in a hydrogeologically favorable 
location.  This location requires less than half the distance of power lines to be 
constructed/upgraded than Well Location 2, and the elevation of the well site and proximity to 
the water storage tank will require less hydraulic pressure to pump water to the storage tank 
than Well Location 3, which will reduce electrical consumption and O&M costs over the long-
term.  As such, SMA recommends the installation of a well at this location. 

5.2  Potential Contaminant Source Inventory 

After determining that the proposed Well Location 1 will not result in significant pumping 
interference with existing wells, SMA conducted a potential contaminant source inventory 
around the proposed well site.  As outlined by the Navajo Nation Environmental Protection 
Agency (NNEPA) Source Water Assessment & Protection (SWAP), SMA investigated potential 
contamination sources within a 1/2-mile radius of the proposed well installation site.  Potential 
risks were evaluated using several online database sources including the EPA Enviromapper 
database, NMED eGIS Mapper, NMOSE Water Rights Reporting System, aerial photos, FEMA 
flood maps, and observations made during site visits by SMA personnel.  The findings of the 
assessment were compared to the potential contaminant sources listed in the NNEPA SWAP 
Susceptibility Assessment “Update” Form, and utilized to prepare a contaminant source 
inventory diagram, included as Figure 8 and summarized in Table 4.  

The results of the assessment indicate that several relatively minor potential contamination 
sources are present in proximity to the proposed well location, consisting of a gas transmission 
pipeline, animal range land, and several single-family residential septic systems. The animal 
rangeland is located throughout the well installation area; horses and cattle can graze and roam 
freely through much of the Thoreau area.  The transmission pipeline is located approximately 
1,000 feet to the north, and the single-residence septic systems are located over 750 feet from 
the proposed well site.   SMA believes the risk from the animal rangeland, gas pipeline, and 
residential septic systems is relatively minor, and can be further minimized by constructing the 
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well with proper well seals which will prevent any shallow, contaminated water from entering 
the well casing.  

 

6.0 CONCLUSIONS & RECOMMENDATIONS 

SMA recommends the installation of a groundwater supply well utilizing the San 
Andres/Glorieta Aquifer and potentially the Sonsela Aquifer as the primary production aquifers.  
The San Andres/Glorieta Aquifer is documented to be capable of producing upwards of 80 
gallons per minute in existing tribal wells in the area, and water quality within the area is 
relatively good, with only occasional exceedances of total radium reported in area supply wells.  
The Sonsela Aquifer is capable of production between 20-30 gallons per minute with good 
water quality; a well utilizing both aquifers may be capable of sustained production of over 100 
gallons per minute.   

SMA recommends the installation of a pilot exploratory well at the proposed Well Location 1 
(Figures 7 & 8) to collect discreet interval water samples from both the Sonsela and San 
Andres/Glorieta Aquifers.  A pilot well installed to a depth of 1,500 feet below ground surface 
should fully penetrate the Sonsela Aquifer (anticipated to be located from 750 to 850 feet bgs) 
and the San Andres/Glorieta Aquifer (anticipated to be located from 1,300 to 1,500 feet bgs).  
Following an analysis of water quality samples and water production estimates, a production 
well can then be designed and completed to intercept one or both aquifers.  A conceptual well 
design diagram, assuming both the Sonsela and San Andres Aquifer will be screened, is included 
as Appendix A. 

The primary well installation location is adequately distal from existing NTUA and NMOSE-
managed supply wells, and should not result in excessive pumping interference or cause 
detrimental effects to well production.  The location is also adequately distal from any 
significant sources of contamination, and is located proximal to existing water distribution 
infrastructure and three-phase electrical power, which will minimize costs to bring the well into 
operation.  
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TABLES 



Latitude Longitude Depth (ft 
bgs)

Elevation (ft 
amsl)

228 (1964) 7176 (1964)

260 (1979) 7144 (1979)

286 (1982) 7091 (1982) 1510-1640

292 (1984) 7085 (1984) 1660-1690

525-600

600-677

123 (1966) 7127 (1966) 980-1040

263 (2010s) 6987 (2010s) 1080-1142
Well Locations & Construction Information from Well Records provided by NTUA, HIS, and Gallup-McKinley County Schools District
Specific Capacity calcuated from drawdown and test pumping rate records

0.3 (Approx.) San Andres / 
Glorieta

6940 8" 20 0.36 Sonsela 
Sandstone

8"

Tribal Well 16T-349 35.413585 -108.1734 7120 677

75 (pump 
limited to 47)

0.14251522-17086"

San Andres / 
Glorieta

Thoreau High School 
Well

35.41737 -108.2343 7250 1242

Production 
Rate (gpm)

Test Specific 
Capacity 
(gpm/ft)

Aquifer 
Name

1708

Static Water Level

180

8" 80 0.2

San Andres / 
Glorieta

Table 1.  Summary of Existing Supply Wells near Baca-Thoreau System
Baca-Thoreau Water Systems Improvements Project

Navajo Nation, McKinley County, New Mexico

Well Name
Location

35.436038

Well 
Elevation 
(ft amsl)

Well Depth 
(ft bgs)

Casing 
Diameter 
(inches)

Screened 
Interval (ft 

bgs)

West Thoreau Well 
(16T-614)

35.433814 -108.2484 7377 1760

JW Camp Well (16T-
529)

7404-108.2602



Index 
Number*

Name/NMOSE 
No.

NMOSE POD 
No.

Use Diversion 
(afy)

Owner Easting   
(NM-SP W)

Northing 
(NM-SP W)

Elevation 
(ft amsl)

Depth of 
Well (ft)

Depth to 
Water (ft)

Production 
(gpm)

1 B 00087 B 00087 B-S-6 IND 15.03 TRI STATE GENERATION 2647706 1611088 7033 990 451 130

2 B 00087 B 00087 B-S-2 IND 15.03 TRI STATE GENERATION 2648074 1612073 7311 1555 182 120

3 B 00087 B 00087 POD10 IND 15.03 TRI STATE GENERATION 2647334 1608942 6938 1550 272 175

4 B 00087 B 00087 B-S-5 IND 15.03 TRI STATE GENERATION 2647699 1609130 6961 1445 189 100

5 B 00087 B 00087 B-S-4 IND 15.03 TRI STATE GENERATION 2650339 1609058 6930 1724 233 120

6 B 00087 B B 00087 B-S-7 MON 577.5 TRI-STATE ASSOC., INC. 2645367 1604228 6953 1376 216 20

7 B 00087 B B 00087 POD9 MON 577.5 TRI-STATE ASSOC., INC. 2649614 1610313 6983 1500 324 125

8 B 00386 B 00386 Exp MUN 200.5 THOREAU WATER & SANITATION 2599229 1609722 7292 1380 -- 50

9 B 00386 B 00386-5 MUN 200.5 THOREAU WATER & SANITATION 2608649 1603723 7163 1120 150 85

10 B 00386 B 00386 S MUN 200.5 THOREAU WATER & SANITATION 2607951 1603581 7150 1150 75 80

11 B 00417 B 00417 SAN 3 THE NAVAJO TRIBE, DWR 2623152 1638919 7492 3102 550 25

12 B 00826 B 00826 MUL 3 R. P. WALDIE 2609971 1603715 7147 343 120 30

13 B 00853 B 00853 0-1 MON 0 CONOCO, INC. 2637665 1609849 7045 946 -- --

14 B 00853 B 00853 0-2 MON 0 CONOCO, INC. 2636481 1607319 7024 897 -- --

15 B 00853 B 00853 EXPL. 4 MON 0 CONOCO, INC. 2637771 1606601 7026 740 187 --

16 B 00899 B 00899 DOM 3 JIM M. RENEAU 2608966 1602735 7140 220 95 --

17 B 00900 B 00900 X DOM 3 TIETJEN RANCH 2615959 1601699 7075 401 160 --

18 B 00954 B 00954 IND 66 TRANSWESTERN PIPELINE CO. 2603422 1610335 7308 1350 320 40

19 B 00986 B 00986 STK 3 CARVER LAND & CATTLE CO. 2618175 1596150 7100 170 90 15

20 B 01019 B 01019 POD13 MON 0 PLAINS ELECTRIC GENERATION 2652688 1605927 6848 37 -- --

21 B 01019 B 01019 POD11 MON 0 PLAINS ELECTRIC GENERATION 2652414 1605089 6854 106 6 --

22 B 01019 B 01019 POD14 MON 0 TRI STATE GENERATION 2654031 1607835 6859 270 31 --

23 B 01034 B 01034 DOM 3 B. A. MARSH 2630054 1618106 7284 485 150 30

24 B 01102 B 01102 DOM 3 MARY ANN O'NEAL 2628933 1622423 7559 510 180 15

25 B 01173 B 01173 DOM 3 REX EBY 2609656 1603381 7144 375 127 --

26 B 01178 B 01178 STK 3 ERLINE L BEGAY 2614248 1597432 7100 350 113 10

27 B 01244 B 01244 MON 0 DANIEL B. STEPHENS & ASSOC. 2603441 1609680 7290 72 25 2

28 B 01301 B 01301 EXP 0 NW NM REG. SOLID WASTE 2641727 1609913 7000 946 190 20

29 B 01302 B 01302 EXP 0 NW NM REG. SOLID WASTE 2639069 1607911 6996 740 190 20

30 B 01620 B 01620 DOM 3 DAVID C. MILLER 2614179 1598571 7086 305 90 10

31 Thoreau H.S. Well No. 1 MUN THOREAU HIGH SCHOOL 2603453 1607561 7250 1242 178 75

31 16T-614 (WT) West Thoreau MUN -- NTUA 2599433 1613468 7377 1760 396 80

32 16T-529 (JW) JW Camp MUN -- NTUA 2595933 1614293 7404 1708 300 20

33 16T-575 -- STK -- NTUA 2619803 1611828 7280 1150 320 15

34 16T-349 -- MUN -- NTUA 1606263 2621554 7120 677 180 20

35 16B-39 -- MUN -- NTUA 2606748 1608152 7234 730 280 9

36 16K-334 Thoreau S.C. MUN -- BIA 2606638 1603393 7160 1201 131 38

MUN - Municipal SAN - Sanitary STK - Livestock Well IND - Industrial Well
DOM - Domestic MUL - Multiple Household EXP - Exploratory Well MON - Monitoring Well

       * Index Number Correlates to Figure 2 which Indicates the Location of Wells
Index No. Color Key: Red San Andres/Glorieta Well

Blue Sonsela Well
Green Existing Tribal Well
Black Alluvial/Unknown

Table 2.  Wells Registered with NMOSE Near Thoreau, New Mexico
Baca-Thoreau Water Supply Project, Navajo Nation, New Mexico

Well Water Use Codes



Map Index No. U-1 U-2 U-3 16K-334 16T-349 16T-529 16T-614
USGS Well No. 352532108140001 352532108140601 352418108131501 352418108131502 -- -- --

Well Name Transwestern 
Pipeline

Transwestern 
Pipeline

BIA School Well 
(Old)

BIA School Well 16T-349 JW Camp Well West Thoreau Well

Depth Well -- -- 505 1201 677 1708 1760

Aquifer San 
Andres/Glorieta

San 
Andres/Glorieta

Sonsela 
Sandstone

San 
Andres/Glorieta

Sonsela 
Sandstone

San 
Andres/Glorieta

San 
Andres/Glorieta

Sample Date March, 1975 March, 1975 September, 1964 June, 1952 September, 1971 Various Various
Specific Conductance 480 661 879 836 580 687 401
Acid Neutralizing Capacity 218 267 221 213 -- -- --
Bicarbonate 266 326 270 260 240 217 244
Nitrate Plus Nitrite 0.02 0.41 0.02 0 0.12 1.4 <0.3
Orthophosphate 0.03 0.18 -- -- 0.04 -- --
Hardness 130 4 400 460 5 180 171
Noncarbonate Hardness 0 0 180 240 147 -- --
Calcium 44 1.6 120 140 2 94.8 33
Magnesium 5.1 0.1 22 29 <0.01 85 22
Sodium 43 150 39 10 138 20.8 18.7
Sodium Adsorption Ratio (SAR) 1.6 31 0.8 -- 26.8 -- --
Sodium Fraction Of Cations 41 98 13 -- 6.11 -- --
Potassium 2.5 2 2 -- <0.1 -- --
Chloride 3.8 15 28 5 19.5 44
Sulfate 40 58 220 240 30.3 72 31
Fluoride 0.3 0.2 0.2 0.4 0.54 1.4 0.24
Silica 9.5 9 12 11 -- -- --
Iron 0.01 0.05 0.01 -- 0.15 0.46 0.57
Manganese 0.02 -- -- -- -- 0.005 <0.05
Total Dissolved Solids 279 399 574 568 337 286 --
Ph (ph Units) -- -- 7.3 -- 9 7.1 7.8
Uranium -- -- -- -- -- 0.0034 0.004
Adjusted Gross Alpha -- -- -- -- -- 7.4 +/- 1.3 5.4 +/- 1.2
Total Radium (226/228) -- -- -- -- -- 5.82 3.5 +/- 0.4
Note:  All results in mg/L unless otherwise noted
Results in Red indicate EPA Drinking Water Primary Standard Exceedance
Results in Blue indicate EPA Drinking Water Secondary Standard Exceedance
Tribal Well Analytical Data from NTUA and IHS Well Records & Documents
USGS-Registed Well Analytical Data from USGS Water Quality Database (accessed October, 2017)

Table 3.  Water Quality Data from Select Wells Near Thoreau, New Mexico
Baca-Thoreau Water Supply Project, Navajo Nation, New Mexico



Contaminant 
Source  

Number

NNEPA 
Contaminant 
Source Code

Contaminant Source Type
Actual or 
Potential 

Contaminant?
Contaminants of Concern

Distance from 
Proposed Well (ft)

1 ARL Animal Range Land Potential Nitrate, Phosphate, Chloride, Pesticides, 
Pathogens

0-2640

2 IOG Transwestern Pipeline Oil/Gas 
Transmission Line

Potential Oils, Gasoline, Volatile Organic 
Compounds, Natural Gas, Propane

1000

3 RMS Unsewered Single Family Residences - 
Three Potential Septic Tanks/Leachfields

Potential
Septage, Septic Effluent, Pathogens, 

Nitrate, Ammonia, Chloride, Household 
Chemicals

450-2640

Table 4. Potential Contaminant Sources within 1/2 Mile of Proposed Well Location
Baca-Thoreau Water System Improvements Project, Navajo Nation, McKinley County, New Mexico
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APPENDIX A 

Conceptual Well Design Diagram 

 

 



NOTES: DIAGRAM NOT TO SCALE
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LIFT-OUT PIPE

2" PVC ELECTRICAL CONDUIT TO PUMPHOUSE (W/ APPROPRIATE WIRE FROM
SUBMERSIBLE PUMP TO PUMP HOUSE)

4 FT. X 4 FT. SQUARE CONCRETE SLAB SURFACE SEAL (MINIMUM 5.5" THICK)

GROUND SURFACE: SLOPE TO DRAIN AWAY FROM WELL

18" DIAMETER BLACK STEEL SURFACE CASING (0.375-INCH WALL THICKNESS)

BACKFILL BETWEEN SURFACE CASING AND PITLESS UNIT W/ 3/8" PEA GRAVEL
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BOTTOM OF 18" DIAMETER STEEL SURFACE CASING @ 80 FT B.G.S.

24" DIAMETER (APPROX.) BORE HOLE FROM SURFACE TO 80 FT. B.G.S.

14.75" DIAMETER (APPROX.) BORE HOLE FROM 80 FT. TO 1500 FT. B.G.S.

CEMENT GROUT BETWEEN WELL CASING AND SURFACE
CASING/BOREHOLE FROM APPROX. 5 FT. B.G.S. TO TOP OF UPPER
BENTONITE SEAL

CEMENT GROUT

8" DIAMETER SCH. 40 LOW CARBON STEEL WELL CASING

SUBMERSIBLE PUMP SET AT APPROXIMATELY 1000 FT. B.G.S.
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BOTTOM OF 14.75" BORE HOLE AT 1500 FT. B.G.S.

BULL NOSE END-CAP AT BOTTOM OF SCREEN AT 1500 FT. B.G.S.

3/8" PEA GRAVEL BETWEEN SCREEN INTERVALS

20 FT. OF BENTONITE SEAL ABOVE LOWER SCREEN

INSTALL DISSIMILAR METAL CONNECTOR ABOVE LOWER SCREEN

CHECK VALVES (LOWER
CHECK VALVE-TOP OF
PUMP; MIDDLE CHECK
VALVE-20 FT, ABOVE TOP
OF PUMP; ONE UPPER
CHECK VALVE HALFWAY
BETWEEN PUMP & TOP OF
WELL)

1 1/2" SCHEDULE 80 PVC
SOUNDING TUBE TO 2-FT. ABOVE
TOP OF PUMP (ATTACHED WITH
BANDS AT 10 FT. INTERVALS)

INSTALL CASING CENTRALIZERS EVERY 100 FT.

FILTER PACK: 8-16 SILICA SAND FROM TOTAL DEPTH TO 20 FT. ABOVE SCREENED
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INSTALL DISSIMILAR METAL CONNECTOR ABOVE UPPER SCREEN

INSTALL DISSIMILAR METAL CONNECTOR BELOW UPPER SCREEN

FILTER PACK: 8-16 SILICA SAND FROM 10 FT. BELOW SCREEN TO 20 FT. ABOVE SCREEN

20 FT. OF BENTONITE SEAL

20 FT. OF BENTONITE SEAL

100 FT. OF 8-INCH DIAMETER 0.050-INCH SLOT 304 STAINLESS STEEL WIRE-WRAPPED
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APPENDIX B 

Theis Equation Calculation Spreadsheet 



Appendix B, Exhibit 1 - Theis Equation Drawdown Calculations for Proposed Thoreau Well Location 1 - Anticpated Use of 100 afy
Baca-Thoreau Hydrogeologic Investigation

User Inputs - Proposed Wells User Inputs - Existing Wells
50% Assumed Pump Time (% of day) 100%

Assumed Transmissivity (gpd/ft) 1048 (140 ft2/day) Assumed Well Efficiency (%) 80%
Assumed Aquifer Storativity (unitless) 0.0004
Well Specific Capacity (gpm/ft) 0.1 Cell Color Coding Legend
Pumping Time (years) 20 Input Value from User

 Calculated Value 
Proposed Well List Drawdown Result

Expected Drawdown at Radial Distance from Well (Radius of Influence)

Existing Well & Distances List

Thoreau H.S. 50 1607561 2603453 1242 178 1.7 1064 31 310.0 58 77 445 5%
16T-614 (WT) 80 1613468 2599433 1760 396 1.0 1364 50 496.0 73 124 693 5%
16T-529 (JW) 30 1614293 2595933 1708 300 0.7 1408 19 186.0 84 46 316 6%

16T-575 15 1611828 2619803 1150 320 4.7 830 9 93.0 31 23 147 4%
16T-349 20 1606263 2621554 677 180 5.1 497 12 124.0 29 31 184 6%
16B-39 9 1608152 2606748 730 280 2.28 450 6 55.8 50 14 120 11%

16K-334 25 1603393 2606638 1201 131 2.6 1070 15 155.0 46 39 240 4%
B 00386 201 1609722 2599229 1380 200 0.8 1180 124 1243.0 78 311 1631 7%
B 00386 201 1603723 2608649 1120 150 2.9 970 124 1243.0 44 311 1597 4%
B 00386 201 1603581 2607951 1150 75 2.8 1075 124 1243.0 44 311 1598 4%
B 00417 3 1638919 2623152 3102 550 7.5 2552 2 18.6 20 5 43 1%
B 00087 15 1611088 2647706 990 451 10.0 539 9 93.2 13 23 130 2%
B 00087 15 1612073 2648074 1555 182 10.0 1373 9 93.2 13 23 130 1%
B 00087 15 1608942 2647334 1550 272 9.9 1278 9 93.2 13 23 130 1%
B 00087 15 1609130 2647699 1445 189 10.0 1256 9 93.2 13 23 130 1%
B 00087 15 1609058 2650339 1724 233 10.5 1491 9 93.2 12 23 129 1%

B 00087 B 578 1604228 2645367 1376 216 9.6 1160 358 3580.3 14 895 4489 1%
B 00087 B 578 1610313 2649614 1500 324 10.3 1176 358 3580.3 13 895 4488 1%

Quarter Mile 0 1610948 2596379 109.8
Half Mile 0 1610948 2597699 91.0
3/4 Mile 0 1610948 2599019 80.1
One Mile 0 1610948 2600339 72.3
Two Miles 0 1610948 2605619 53.6

Well Site 1 1610948 2595059 100 124

Proposed Pump Time (% of Day)

Name (NMOSE File 
Record #)

Easting    
(State Plane)

Diversion 
Amount        
(ac-ft/y)

Total Well 
Depth (ft 

bgs)

Diversion 
Amount       
(ac-ft/y)

Northing  
(State Plane)

Easting    
(State Plane)

Name (NMOSE File 
Record #)

Northing  
(State Plane)

Average Calcuated 
Proposed Pump Rate 
(gpm) from Annual 

Diversion

Depth to 
Water (ft)

100 acre-ft/yearTotal Proposed Diversion

Distance from 
Proposed Well 

(miles)
Total Drawdown

Well Loss due 
to Inefficiency 

(ft)

Predicted 
Pump 

Drawdown (ft)

Percent of Water 
Column 

Drawdown due 
to Proposed 

Wells

Predicted 
Drawdown from 
Proposed Wells 

(ft)

Assumed 
Pump Rate 

(gpm)

Water 
Column 

Thickness (ft)



Appendix B, Exhibit 2 - Theis Equation Drawdown Calculations for Proposed Thoreau Well Location 2 - Anticpated Use of 100 afy
Baca-Thoreau Hydrogeologic Investigation

User Inputs - Proposed Wells User Inputs - Existing Wells
50% Assumed Pump Time (% of day) 100%

Assumed Transmissivity (gpd/ft) 1048 (140 ft2/day) Assumed Well Efficiency (%) 80%
Assumed Aquifer Storativity (unitless) 0.0004
Well Specific Capacity (gpm/ft) 0.1 Cell Color Coding Legend
Pumping Time (years) 20 Input Value from User

 Calculated Value 
Proposed Well List Drawdown Result

Expected Drawdown at Radial Distance from Well (Radius of Influence)

Existing Well & Distances List

Thoreau H.S. 50 1607561 2603453 1242 178 2.8 1064 31 310.0 44 77 432 4%
16T-614 (WT) 80 1613468 2599433 1760 396 1.6 1364 50 496.0 59 124 679 4%
16T-529 (JW) 30 1614293 2595933 1708 300 1.0 1408 19 186.0 74 46 306 5%

16T-575 15 1611828 2619803 1150 320 5.5 830 9 93.0 27 23 144 3%
16T-349 20 1606263 2621554 677 180 6.0 497 12 124.0 25 31 180 5%
16B-39 9 1608152 2606748 730 280 3.31 450 6 55.8 40 14 110 9%

16K-334 25 1603393 2606638 1201 131 3.8 1070 15 155.0 37 39 230 3%
B 00386 201 1609722 2599229 1380 200 2.0 1180 124 1243.0 54 311 1608 5%
B 00386 201 1603723 2608649 1120 150 4.1 970 124 1243.0 35 311 1589 4%
B 00386 201 1603581 2607951 1150 75 4.0 1075 124 1243.0 35 311 1589 3%
B 00417 3 1638919 2623152 3102 550 7.4 2552 2 18.6 20 5 43 1%
B 00087 15 1611088 2647706 990 451 10.7 539 9 93.2 12 23 128 2%
B 00087 15 1612073 2648074 1555 182 10.8 1373 9 93.2 12 23 128 1%
B 00087 15 1608942 2647334 1550 272 10.7 1278 9 93.2 12 23 128 1%
B 00087 15 1609130 2647699 1445 189 10.8 1256 9 93.2 12 23 128 1%
B 00087 15 1609058 2650339 1724 233 11.3 1491 9 93.2 11 23 127 1%

B 00087 B 578 1604228 2645367 1376 216 10.5 1160 358 3580.3 12 895 4488 1%
B 00087 B 578 1610313 2649614 1500 324 11.1 1176 358 3580.3 11 895 4487 1%

Quarter Mile 0 1616505 2592718 109.8
Half Mile 0 1616505 2594038 91.0
3/4 Mile 0 1616505 2595358 80.1
One Mile 0 1616505 2596678 72.3
Two Miles 0 1616505 2601958 53.6

acre-ft/yearTotal Proposed Diversion

Distance from 
Proposed Well 

(miles)
Total Drawdown

Well Loss due 
to Inefficiency 

(ft)

Predicted 
Pump 

Drawdown (ft)

Percent of Water 
Column 

Drawdown due 
to Proposed 

Wells

Predicted 
Drawdown from 
Proposed Wells 

(ft)

Assumed 
Pump Rate 

(gpm)

Water 
Column 

Thickness (ft)

Proposed Pump Time (% of Day)

Name (NMOSE File 
Record #)

Easting    
(State Plane)

Diversion 
Amount        
(ac-ft/y)

Total Well 
Depth (ft 

bgs)

Diversion 
Amount       
(ac-ft/y)

Northing  
(State Plane)

Easting    
(State Plane)

Name (NMOSE File 
Record #)

Northing  
(State Plane)

Average Calcuated 
Proposed Pump Rate 
(gpm) from Annual 

Diversion

Depth to 
Water (ft)

100Well Site 2 1616505 2591398 100 124



Appendix B, Exhibit 3 - Theis Equation Drawdown Calculations for Proposed Thoreau Well Location 3 - Anticpated Use of 100 afy
Baca-Thoreau Hydrogeologic Investigation

User Inputs - Proposed Wells User Inputs - Existing Wells
50% Assumed Pump Time (% of day) 100%

Assumed Transmissivity (gpd/ft) 1048 (140 ft2/day) Assumed Well Efficiency (%) 80%
Assumed Aquifer Storativity (unitless) 0.0004
Well Specific Capacity (gpm/ft) 0.1 Cell Color Coding Legend
Pumping Time (years) 20 Input Value from User

 Calculated Value 
Proposed Well List Drawdown Result

Expected Drawdown at Radial Distance from Well (Radius of Influence)

Existing Well & Distances List

Thoreau H.S. 50 1607561 2603453 1242 178 0.4 1064 31 310.0 98 77 485 9%
16T-614 (WT) 80 1613468 2599433 1760 396 1.4 1364 50 496.0 64 124 684 5%
16T-529 (JW) 30 1614293 2595933 1708 300 1.8 1408 19 186.0 56 46 289 4%

16T-575 15 1611828 2619803 1150 320 3.6 830 9 93.0 38 23 154 5%
16T-349 20 1606263 2621554 677 180 3.8 497 12 124.0 37 31 192 7%
16B-39 9 1608152 2606748 730 280 1.01 450 6 55.8 72 14 142 16%

16K-334 25 1603393 2606638 1201 131 1.1 1070 15 155.0 69 39 263 6%
B 00386 201 1609722 2599229 1380 200 0.8 1180 124 1243.0 80 311 1634 7%
B 00386 201 1603723 2608649 1120 150 1.4 970 124 1243.0 63 311 1616 6%
B 00386 201 1603581 2607951 1150 75 1.3 1075 124 1243.0 65 311 1619 6%
B 00417 3 1638919 2623152 3102 550 7.4 2552 2 18.6 20 5 43 1%
B 00087 15 1611088 2647706 990 451 8.8 539 9 93.2 16 23 133 3%
B 00087 15 1612073 2648074 1555 182 8.9 1373 9 93.2 16 23 132 1%
B 00087 15 1608942 2647334 1550 272 8.7 1278 9 93.2 16 23 133 1%
B 00087 15 1609130 2647699 1445 189 8.7 1256 9 93.2 16 23 133 1%
B 00087 15 1609058 2650339 1724 233 9.2 1491 9 93.2 15 23 131 1%

B 00087 B 578 1604228 2645367 1376 216 8.3 1160 358 3580.3 17 895 4493 1%
B 00087 B 578 1610313 2649614 1500 324 9.1 1176 358 3580.3 15 895 4491 1%

Quarter Mile 0 1606542 2602985 109.8
Half Mile 0 1606542 2604305 91.0
3/4 Mile 0 1606542 2605625 80.1
One Mile 0 1606542 2606945 72.3
Two Miles 0 1606542 2612225 53.6

acre-ft/yearTotal Proposed Diversion

Distance from 
Proposed Well 

(miles)
Total Drawdown

Well Loss due 
to Inefficiency 

(ft)

Predicted 
Pump 

Drawdown (ft)

Percent of Water 
Column 

Drawdown due 
to Proposed 

Wells

Predicted 
Drawdown from 
Proposed Wells 

(ft)

Assumed 
Pump Rate 

(gpm)

Water 
Column 

Thickness (ft)

Proposed Pump Time (% of Day)

Name (NMOSE File 
Record #)

Easting    
(State Plane)

Diversion 
Amount        
(ac-ft/y)

Total Well 
Depth (ft 

bgs)

Diversion 
Amount       
(ac-ft/y)

Northing  
(State Plane)

Easting    
(State Plane)

Name (NMOSE File 
Record #)

Northing  
(State Plane)

Average Calcuated 
Proposed Pump Rate 
(gpm) from Annual 

Diversion

Depth to 
Water (ft)

100Well Site 3 1606542 2601665 100 124
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APPENDIX C 

Tribal Well As-Builts & Well Information 

(Wells 16T-529, 16T-614, 16T-349, 16K-334, 16B-39, & 16T-575) 

















































































































































































































































































WELL NO: 16K-334

UTM :  X(EAST) Y (NORTH)

WATERSHED CODE:

OPERATOR:

PWSID:

WELL NAME/OTHER NO:

WELL TYPE: WELL STATUS: WELL USE:

LOCATION:

ZONE:

STATE: COUNTY: CHAPTER CODE:

GRAZING DISTRICT: LOCATION DATA SOURCE:

752293 3921430

13020207000

BIA

NM3534017

THOREAU #925/#3

WW ACT DOM

100 FT N OF BIA ELEVATED TANK

12

NM MK THOR

16 FIELD CHECKED    4/11/95

Navajo Nation Water Management Branch 
Well Log and Drilling Report

PO Box 678 Fort Defiance, Arizona * PH: 928.729.4004 * FAX: 928.729.4126

WELLNO: 16K-334 STARTED: 8/17/1962 COMPLETED: 10/3/1962

ELEVATION: 7161 DEPTH: 1201 DEPTH MEASURED: 10/3/1962

DEPTH IS: MDIAMETER: 14

CASING_DIAMETER: 12.75 FROM: 0 TO: 45 MATL: STL

10.75 FROM: 0 TO: 130 STL

8.62 FROM: -2.1 TO: 900 STL

6.62 FROM: 900 TO: 1201 STL

CASING PERFORATED FROM: 931 1191 OPENING TYPE: P

0 0

0 0

0 0

0 0

DATE WELL TURNED OVER TO TRIBE:

FUNDED BY: BIA CONTRACTOR: LAYNE TEXAS

SITE IMPROVEMENTS: TA-WL TYPE OF LIFT: SU ENERGY: EM

HORSEPOWER RATING OF PUMP: 15 ON SITE STORAGE CAPACITY: 75000

STRUCTURE DATA SOURCE: BIA WELL FILES

Measured, Estimated, Reported

IN.

IN.

IN.

IN.

FT.

FT.

FT.

FT.

CASING PERFORATED FROM:

CASING PERFORATED FROM:

CASING PERFORATED FROM:

CASING PERFORATED FROM:

TO:

TO:

TO:

TO:

FT.

FT.

FT.

FT.

TO:FT.

OPENING TYPE:

OPENING TYPE:

OPENING TYPE:

OPENING TYPE:

FT.

FT.

FT.

FT.

FT.

MATL:

MATL:

MATL:

FT.

FT.

FT.

FT.

CASING_DIAMETER:

CASING_DIAMETER:

CASING_DIAMETER:

FT.FT.

IN.

GAL.

231CHNL

0 104 7/2/1994

PT 39 24 10/18/1962

419.9 N

0

0

0

0

0.09

NYNY DL

BIA WELL FILEHYDROLOGY DATA SOURCE:

USGS PRINCIPLE AQUIFER CODE:

THICKNESS: NOMINAL YIELD: DATE YEILD MEASURED:

BAILER/PUMP TEST: RATE: TEST PERIOD: TEST DATE:

DRAWDOWN: OBSERVATION WELL DATA AVAILABLE:

HORIZONTAL CONDUCTIVITY:

VERTICAL CONDUCTIVITY:

COEFFICIENT OF TRANSMISSIVITY:

STORAGE COEFFICIENT:

SPECIFIC CAPACITY:

AVAILABITY OF TEST DATA: DRILLERS/ELECTRIC LOGS:

WELLNO: 16K-334

FT. GPM

GPM HR.

FT.

FT/DAY

FT/DAY

GPM/FT.

FT2/DAY

Page 1 of 2
Thursday, September 14, 2017

11:24:02 AM



WELL NO: 16B-39

UTM :  X(EAST) Y (NORTH)

WATERSHED CODE:

OPERATOR:

PWSID:

WELL NAME/OTHER NO:

WELL TYPE: WELL STATUS: WELL USE:

LOCATION:

ZONE:

STATE: COUNTY: CHAPTER CODE:

GRAZING DISTRICT: LOCATION DATA SOURCE:

752220 3922940

13020207

TRIBE O&M

WW ACT LIV

1 M N OF THOREAU

12

NM MK THOR

16 WELL FILES

Navajo Nation Water Management Branch 
Well Log and Drilling Report

PO Box 678 Fort Defiance, Arizona * PH: 928.729.4004 * FAX: 928.729.4126

WELLNO: 16B-39 STARTED: 10/30/1943 COMPLETED: 11/2/1943

ELEVATION: 7234 DEPTH: 730 DEPTH MEASURED: 11/2/1943

DEPTH IS: MDIAMETER: 0

CASING_DIAMETER: 12.5 FROM: 0 TO: 95 MATL: STL

10.5 FROM: 0 TO: 637 STL

6 FROM: 625 TO: 730 STL

0 FROM: 0 TO: 0

CASING PERFORATED FROM: 605 696 OPENING TYPE: P

0 0

0 0

0 0

0 0

DATE WELL TURNED OVER TO TRIBE:

FUNDED BY: BIA CONTRACTOR:

SITE IMPROVEMENTS: WM TA TYPE OF LIFT: PS ENERGY: WM

HORSEPOWER RATING OF PUMP: 0 ON SITE STORAGE CAPACITY: 50000

STRUCTURE DATA SOURCE: WELL FILES

Measured, Estimated, Reported

IN.

IN.

IN.

IN.

FT.

FT.

FT.

FT.

CASING PERFORATED FROM:

CASING PERFORATED FROM:

CASING PERFORATED FROM:

CASING PERFORATED FROM:

TO:

TO:

TO:

TO:

FT.

FT.

FT.

FT.

TO:FT.

OPENING TYPE:

OPENING TYPE:

OPENING TYPE:

OPENING TYPE:

FT.

FT.

FT.

FT.

FT.

MATL:

MATL:

MATL:

FT.

FT.

FT.

FT.

CASING_DIAMETER:

CASING_DIAMETER:

CASING_DIAMETER:

FT.FT.

IN.

GAL.

231CHNL

0 0

BT 4 0 11/2/1943

320 N

0

0

0

0

0

NNNN DL

WELL FILESHYDROLOGY DATA SOURCE:

USGS PRINCIPLE AQUIFER CODE:

THICKNESS: NOMINAL YIELD: DATE YEILD MEASURED:

BAILER/PUMP TEST: RATE: TEST PERIOD: TEST DATE:

DRAWDOWN: OBSERVATION WELL DATA AVAILABLE:

HORIZONTAL CONDUCTIVITY:

VERTICAL CONDUCTIVITY:

COEFFICIENT OF TRANSMISSIVITY:

STORAGE COEFFICIENT:

SPECIFIC CAPACITY:

AVAILABITY OF TEST DATA: DRILLERS/ELECTRIC LOGS:

WELLNO: 16B-39

FT. GPM

GPM HR.

FT.

FT/DAY

FT/DAY

GPM/FT.

FT2/DAY

Page 1 of 2
Thursday, September 14, 2017

11:26:43 AM



WELL NO: 16T-575

UTM :  X(EAST) Y (NORTH)

WATERSHED CODE:

OPERATOR:

PWSID:

WELL NAME/OTHER NO:

WELL TYPE: WELL STATUS: WELL USE:

LOCATION:

ZONE:

STATE: COUNTY: CHAPTER CODE:

GRAZING DISTRICT: LOCATION DATA SOURCE:

756290 3924270

13020207

TRIBE O&M

WW ACT LIV

1.5 M NE OF THOREAU CHPTR. HSE.

12

NM MK THOR

16 WELL FILES/B. STONE RT-6

Navajo Nation Water Management Branch 
Well Log and Drilling Report

PO Box 678 Fort Defiance, Arizona * PH: 928.729.4004 * FAX: 928.729.4126

WELLNO: 16T-575 STARTED: 11/30/1971 COMPLETED: 10/3/1972

ELEVATION: 7280 DEPTH: 1150 DEPTH MEASURED: 10/3/1972

DEPTH IS: RDIAMETER: 0

CASING_DIAMETER: 6.62 FROM: 0 TO: 805 MATL: STL

0 FROM: 805 TO: 1000 STL

0 FROM: 0 TO: 0

0 FROM: 0 TO: 0

CASING PERFORATED FROM: 960 1000 OPENING TYPE: P

1000 1150 X

0 0

0 0

0 0

DATE WELL TURNED OVER TO TRIBE: 10/17/1972

FUNDED BY: BIA CONTRACTOR: FRONTIER DRLG

SITE IMPROVEMENTS: WM TA WL TR TYPE OF LIFT: ENERGY: WM

HORSEPOWER RATING OF PUMP: 0 ON SITE STORAGE CAPACITY: 27900

STRUCTURE DATA SOURCE: WELL FILES

Measured, Estimated, Reported

IN.

IN.

IN.

IN.

FT.

FT.

FT.

FT.

CASING PERFORATED FROM:

CASING PERFORATED FROM:

CASING PERFORATED FROM:

CASING PERFORATED FROM:

TO:

TO:

TO:

TO:

FT.

FT.

FT.

FT.

TO:FT.

OPENING TYPE:

OPENING TYPE:

OPENING TYPE:

OPENING TYPE:

FT.

FT.

FT.

FT.

FT.

MATL:

MATL:

MATL:

FT.

FT.

FT.

FT.

CASING_DIAMETER:

CASING_DIAMETER:

CASING_DIAMETER:

FT.FT.

IN.

GAL.

231CHNL

0 0

BT 15 6 10/3/1972

350 N

0

0

0

0

0

NNNN DL

WELL FILESHYDROLOGY DATA SOURCE:

USGS PRINCIPLE AQUIFER CODE:

THICKNESS: NOMINAL YIELD: DATE YEILD MEASURED:

BAILER/PUMP TEST: RATE: TEST PERIOD: TEST DATE:

DRAWDOWN: OBSERVATION WELL DATA AVAILABLE:

HORIZONTAL CONDUCTIVITY:

VERTICAL CONDUCTIVITY:

COEFFICIENT OF TRANSMISSIVITY:

STORAGE COEFFICIENT:

SPECIFIC CAPACITY:

AVAILABITY OF TEST DATA: DRILLERS/ELECTRIC LOGS:

WELLNO: 16T-575

FT. GPM

GPM HR.

FT.

FT/DAY

FT/DAY

GPM/FT.

FT2/DAY

Page 1 of 2
Thursday, September 14, 2017

11:25:43 AM
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APPENDIX D 

NMOSE Records Existing Well Logs 

 






















































































































































































































































































