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1.0  INTRODUCTION 

This report provides the results of a well impact study conducted by URS Corporation (URS) on 
behalf of Sithe Global Power, LLC (Sithe) for the proposed Desert Rock Energy Project power 
plant in Northwestern New Mexico. The Desert Rock Energy Project is a joint venture between 
Sithe and Diné Power Authority to develop and construct a coal-fired electric-power-generating 
plant and associated facilities. Sithe is a privately held, independent power company based in 
Houston, Texas. Diné Power Authority was established by the Navajo Nation Council to 
promote the Navajo Nation’s development of energy resources. 

The study area evaluated for this study encompasses approximately 1,420 square miles of the 
San Juan Basin in the northwestern portion of New Mexico south of Shiprock and Farmington 
(Figure 1). This well impact study is intended to estimate the availability and impact associated 
with the withdrawal of groundwater to meet the projected 40-year consumption demands of the 
Desert Rock Energy Project from a series of simulated wells constructed in the Morrison 
Aquifer. The average annual water consumption demand of the Desert Rock Energy Project is 
estimated to be 4,950 acre-feet per year (af/yr), or 3,070 gallons per minute (gpm), of continuous 
flow for a period of 40 consecutive years. Based on our evaluation of the hydrogeologic 
characteristics of the Morrison Aquifer in the study area and the results of our well impact 
analysis, URS estimates that ten (10) new production wells could meet this demand. 

Please note that the well locations simulated in this report are arbitrary locations based upon 
limited hydrologic and geologic data in the area. In addition, permitting and land ownership 
issues were not factored into the well locations used in our simulations. Final well locations will 
be determined conjunctively with personnel that may include but not be limited to: Navajo 
Nation and local Chapter representatives, Dine Power Authority, Sithe, URS, Bureau of Land 
Management, Bureau of Indian Affairs, Navajo Nation Department of Water Resources, and 
others as identified necessary by the Navajo Nation and other Desert Rock Energy project team 
members.
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2.0 STATEMENT OF PURPOSE AND SCOPE 

The purpose of this study is to demonstrate that: (1) sufficient groundwater resources are 
physically available in the Morrison Aquifer for the proposed water uses at the Desert Rock 
Energy Project for the next 40 years, and; (2) withdrawal of the proposed water from the 
Morrison Aquifer from a newly constructed well field will not adversely impact the production 
capabilities of pre-existing and adjacent Navajo Nation wells constructed in the same aquifer. 
This report describes elements of demand, supply, and impact associated with the anticipated 
groundwater withdrawals.  

Water demand volumes used in our well impact analysis were provided by Sithe (2005). The 
groundwater supply portion of this study includes an evaluation of hydrogeologic conditions to 
assess the local groundwater resource availability in the Morrison Aquifer. The impact portion of 
this study was estimated using the U.S. Geological Survey’s (USGS) MODFLOW-96 (Harbaugh 
and McDonald 1996), which models groundwater systems in 3-dimesnions. The MODFLOW-96 
code is widely accepted in the hydrogeologic professional community as a valid numerical 
model to simulate groundwater flow. The graphical interface Groundwater Vistas® (Rumbaugh 
and Rumbaugh 1996) was used to generate the drawdown impact contours included in this 
report. Initially, a more simplified 2-dimensional model was constructed to evaluate withdrawal 
impacts using the computer code THWELLS© (Van der Heijde 1992). However, due to the 
complexity of the Morrison Aquifer system and the limitations of the THWELLS© program in 
simulating such an aquifer, the impacts predicted using the more sophisticated MODFLOW-96 
code made more hydrological sense and are therefore the ones presented in this impact report.  
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3.0 PROJECTED GROUNDWATER DEMAND 

The average water demand for the Desert Rock Energy Project for the first 40 years of operation 
is calculated to be 4,950 af/yr (equivalent to 3,070 gpm of continuous flow) (Sithe 2005). This is 
the volume used in our well impact modeling analysis. Based upon the simulated location of the 
well field and the aquifer parameters of the Morrison Formation obtained from the 
hydrogeologic data reviewed, our analysis assumes this volume will require the construction of 
ten (10) new production wells, each producing 307 gpm.  
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4.0 ELEMENTS OF GROUNDWATER SUPPLY 

4.1 REGIONAL HYDROGEOLOGIC CONDITIONS 

The study area is located in the northwestern portion of the San Juan Basin in Northwestern New 
Mexico (Figure 1). The San Juan Basin lies on the eastern edge of the Colorado Plateau and 
extends from northwestern New Mexico into portions of northwestern Arizona along the New 
Mexico/Arizona border, southeastern Colorado, and the southeastern most corner of Utah. The 
San Juan basin is approximately 140 miles wide by 200 miles long, and covers a total area of 
21,600 square miles (Dam et al. 1990) (Figure 1).  

The San Juan basin is a northwest-treading asymmetrical structural depression that formed 
during the Laramide Orogeny (Late Cretaceous-early Tertiary) at the eastern edge of the 
Colorado Plateau. Structural boundaries of the basin consist of large, elongate, dormal uplifts; 
low, marginal platform; and abrupt monoclines (Kelley 1951). The most distinctive structural 
feature in the study area is the Hogback monocline (see Figure 2), which forms a sharp boundary 
between the marginal platforms and the central basin. The interior of the basin contains a thick 
sequence of sedimentary rocks from Cambrian to Tertiary in age, but primarily Pennsylvanian 
through Tertiary. These rocks consist primarily of stacked sequences of sandstone, siltstone, 
mudstone, limestone, and shale. A generalized stratigraphic sequence of the San Juan basin is 
included in Figure 2. These rock sequences dip from the basin margins toward the center of the 
basin. Older sedimentary rocks crop out around the basin margins and are successively overlain 
by younger sedimentary sequences toward the basin center. The maximum stratigraphic 
thickness of sedimentary rocks in the basin is over 14,000 feet (as recorded in an oil well) at the 
center of the basin east of the Hogback monocline (Fassett and Hinds 1971).  

The primary source of groundwater in the San Juan Basin is derived from wells completed 
within surficial valley-fill deposits of Quaternary age and sandstones of Tertiary, Cretaceous, 
Jurassic, and Triassic age (Stone et al. 1983). Groundwater in the sandstone sequences is 
generally under confined conditions, resulting in an artesian flow from wells completed in these 
units.  

4.2 LOCAL HYDROGEOLOGIC CONDITIONS 

Groundwater in the study area is encountered primarily at or near land surface under artesian 
conditions (see Figure 3). Artesian flow from a well occurs when it penetrates an aquifer that is 
overlain by an impermeable or semi-impermeable unit, such as shale. Under pressure (or 
confined/semi-confined conditions), that water will rise to the well’s potentiometer surface 

 
Well Impact Report 
Desert Rock Energy Project 
Sithe Global Power, LLC. 

4-1 
September 23, 2005 

URS Job No.23444264.33203 

 



 

without the use of a pump. Potentiometer surface is defined as the surface representative of the 
level to which water will rise in a well cased to the aquifer (Fetter 1988). Figure 3 provides 
contours of the potentiometric surface of waters in the Morrison Formation for the study area. 

There are three distinct geologic units that supply the majority of groundwater to existing wells 
completed in the study area (NNDWR 2005). With increasing depth these include: the Gallup 
Sandstone, the Dakota Sandstone, and the Morrison Formation. Aside from Quaternary surficial 
valley-fill deposits, the Morrison Formation has been identified in numerous hydrologic studies 
as the primary groundwater-bearing unit in the San Juan Basin (Dam et al. 1990). Within the 
Morrison Formation, the Westwater Canyon Member (a coarse sequence of sandstone, 
conglomeritic sandstone, and mudstone) is considered the most productive unit (Stone, et al., 
1983) (Dam et al. 1990). According to NNDWR (2005) records, wells screened within these 
three geologic units produce the majority of their water from the Morrison Formation (see 
Figure 1 and Table 3).  

A geologic cross-section extending from south to north across the simulated well field area is 
provided as Figure 4. The location of that cross section is depicted on Figure 1. Lithologic data 
provided from NNDWR (2005) was used to compile the cross section (see Table 3). A contour 
map depicting the approximate depth to the top of the Morrison Formation and the approximate 
thickness of the Morrison Formation are provided as Figures 5 and 6, respectively. Depth to top 
of the Morrison Formation in the simulated well field area is between 1,000 and 1,500 feet below 
ground surface (bgs) (Figure 5), with an estimated thickness ranging from 900 to 1,000 feet 
(Figure 6). Depth to the Morrison Formation near the proposed Desert Rock Project generating 
facility deepens steeply from west to east as it crosses the western edge of the Hogback 
monocline (see Figure 5). The Westwater Canyon Member in the simulated well field area is 
estimated to be 200 to 300 feet thick (see Figure 4 and Table 3). 

The Morrison Formation was selected as the target aquifer for this well impact analysis because: 
(1) it has a relatively higher water-bearing potential than the overlying formations in the study 
area, and; (2) withdral of groundwater from the Morrison Formation will result in the least 
amount of drawdown to existing wells in the study area. This is because the majority of those 
wells derive their production from confined geologic units above the Morrison Formation (i.e., 
the Gallup Sandstone and the Dakota Sandstone) (see Table 3).  

Recharge to the Morrison Aquifer is derived from precipitation infiltration, streamflow 
infiltration along outcrop areas, and from downward leakage (Dam et al 1990). As will be 
discussed later, our modeling analysis takes into account downward leakage from the semi-
confining geologic unit above the Morrison sediments, but it does not account for recharge from 
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precipitation or streamflow infiltration. Simulating these recharge components would require a 
much more rigorous and time consuming modeling effort. 

4.3 EXISTING WELLS 

Existing wells in the study area are presented in Figure 1 and listed in Tables 1 and 2. Wells 
shown include those registered with the New Mexico Office of the State Engineer (2005) (wells 
in red) and wells with records maintained by the Navajo Nation Department of Water Resources 
(NNDWR) (2005) (wells in blue). Also depicted on Figure 1 is the relative contribution of 
Morrison Aquifer-derived groundwater to wells completed in portions of the Morrison 
Formation (where data available). Well inventory tables showing construction and well use 
information are included as Tables 1 and 21.  

4.4 AQUIFER CHARACTERISTICS 

The transmissivity (T) of an aquifer describes its ability to transmit groundwater to a pumping 
well. The T value is dependent upon the hydraulic conductivity (K) and the saturated thickness 
(b) of the aquifer, and is defined by the relationship T = Kb. Transmissivity is expressed in 
gallons per day per foot (gpd/ft), or square feet per day (ft2/d). Hydraulic conductivity is 
expressed in units of gallons per day per square foot (gpd/ft2), or feet per day (ft/d).  

The most reliable estimates of aquifer transmissivity and hydraulic conductivity are derived from 
well aquifer test data. In the study area however, aquifer test data is limited. In addition, much of 
the aquifer test data comes from wells that are screened in multiple aquifers and not exclusively 
the Morrison Formation. Given available test data, the transmissivity of the Morrison Formation 
within the study area ranges from 2 ft2/d to 95 ft2/d, and K values range from 0.025 to 0.39 ft/d 
(Stone et al. 1983; Riser et al. 1984; Dam et al 1990). A map showing the approximate 
distribution of transmissivity values for the Morrison Aquifer in the study area is presented in 
Figure 7. 

To further evaluate T and K values, URS analyzed data from a step test and a 15-hour constant 
rate aquifer test conducted in September 2002 at the “Sanostee Wash Well.” This well is 
screened in multiple aquifers, which produce water from the Morrison Formation, the Dakota 
Sandstone, and the Gallup Sandstone (NNDWR, 2005), with its primary water production 
coming from the Morrison Formation. This well is located just north of the Little River on the 
Sanostee Chapter, as shown on Figure 7. Our analysis of the recovery test data resulted in a T 

                                                 
1 For ease of reference, the well identifiers on the well location map (Figure 1) match those on the well inventory 
tables. 
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value of 69 ft2/d, and a K value of 0.345 ft/day (K=T/b) (see Figure 8) (Theis 1935). Although 
this well is not screened exclusively in the Morrison Formation, the calculated T and K values 
fall within the published values obtained from other well test data for wells constructed in the 
Morrison Aquifer, thus providing a useful comparison. For our modeling analysis, we assumed a 
more conservative value of 0.2 ft/d. This value was computed by taking the median published 
values from numerous aquifer tests for well completed in the Morrison Aquifer (Dam et al 1990).  

As previously discussed, our modeling analysis accounts for downward leakage of the semi-
confining geologic unit above the Morrison Formation. The variable required to compute 
downward leakage in our modeling analysis is the hydraulic conductivity (K) of the confining 
unit above the Morrison Formation. In the study area this is the Mancos Shale (see Figure 4). 
Since there are no available measured K values for the Mancos Shale, published values were 
relied upon. Estimates of hydraulic conductivity (K) for shale range from 2.6e-3 to 1.16e-10 
centimeters per second (cm/sec), or 7.37 to 3.9e-7 ft/d (Spitz and Moreno 1996). A conservative 
value of 2e-5 cm/sec, or 0.0567 ft/day, was used in our modeling analysis.  

As shown in Figure 6, the aquifer thickness (b) of the Morrison Formation in the study area 
ranges from 750 feet to just over 1,000 feet thick, and from 900 to 1,000 feet in the simulated 
well field area used in our modeling analysis (Stone et al. 1983; Dam et al 1990; NNDWR 
2005). 

4.5 WATER QUALITY 

Although not a component that affects our modeling analysis, quality of groundwater produced 
from the Morrison Formation is of concern in regards to the intake assumptions made for design 
of the Desert Rock Energy Project. Due to very limited water quality data for waters produced 
from the Morison Formation in the study area, URS and Sithe personnel collected water quality 
samples from three wells screened within in the Morrison Formation on May 11, 2005. Those 
sampled included wells 12K-320, 12T-633, and 12T-655. Two of the three wells sampled (12T-
633 and 12T-655) are domestic drinking water wells owned and operated by Navajo Tribe 
Utilities Authority (NTUA) and are located on the Sanostee Navajo Chapter. The third well 
sampled (12K-320) is a stock irrigation well owned and maintained by NTUA, located 
approximately 10 miles north of the Sanostee Navajo Chapter (NNDWR 2005) (see Figure 1). 
The analytical results from that sampling effort are summarized in Table 4. Copies of all 
laboratory analytical data are provided in Appendix A. Generally speaking the water sampled is 
of good quality. No analytes tested for were detected above Federal Primary or Secondary 
Drinking Water standards. 
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5.0 IMPACT ANALYSIS 

5.1 MODEL ASSUMPTIONS 

The groundwater model code selected for this study was the USGS’s MODFLOW-96 (Harbaugh 
and McDonald 1996) with the advanced graphical interface Groundwater Vistas® (Rumbaugh 
and Rumbaugh 1996). The MODFLOW-96 code is widely accepted in the hydrogeologic 
professional community as a valid numerical model to simulate groundwater flow in three 
dimensions. Initially, a more simplified two-dimensional model code called THWELLS© (Van 
der Heijde 1992) was evaluated for this study, but due to the program’s code limitations for the 
modeled aquifer system the results obtained from that analysis were considered less 
hydrologically sensible as those predicted using MODFLOW-96. 

5.2 MODEL INPUT 

The input parameters used in our MODFLOW-96 simulation include the following: 

• A total model domain area of 144 square miles, with a total of 280 columns, 279 rows, 
and 78,120 model calculation cells. The model domain area was intentionally set very 
large to reduce the impact of the modeled boundaries on the area of interest (the well 
field).  

• Grid spacing ranged from 100 ft2 in the simulated well field area to 500 ft2 elsewhere. 

• Two flat model layers.  

 Layer 1 (the upper model layer) represents the Mancos Shale and represents the 
upper semi-confining geologic unit located stratigraphically above the Morrison 
Formation (see Figure 4). An average thickness of 650 feet was used for model 
layer 1 (see Figure 4). 

 Layer 2 (the lower model layer) represents the Morrison Formation, which is the 
target aquifer for this study. The Morrison Formation is located stratigraphically 
beneath the Mancos Shale (see Figure 4). A uniform thickness of 1,000 feet was 
used (see Figures 4 and 6). 

• A hydraulic conductivity (K) of 0.0567 ft/day for model layer 1 (see Section 4.4). The 
horizontal to vertical conductivity ratio (Kh/Kv) was set conservatively at 10:1 based upon 
published values for shale (Spitz and Moreno 1996). 

 
Well Impact Report 
Desert Rock Energy Project 
Sithe Global Power, LLC. 

5-1 
September 23, 2005 

URS Job No.23444264.33203 

 



 

• A hydraulic conductivity (K) of 0.2 ft/day for model layer 2 (see Section 4.4). The 
horizontal to vertical conductivity ratio (Kh/Kv) was set conservatively at 10:1 based upon 
published values for sandstone (Spitz and Moreno 1996). 

• A storage coefficient for both layer 1 and 2 of 0.00011(unitless). This value resents the 
median published values from nine wells tested in the Morrison Aquifer (Dam et al. 
1990). 

• A specific yield for layer 1 of 0.03 (unitless) (Spitz and Moreno 1996). 

• A specific yield for layer 2 of 0.2 (unitless) (Spitz and Moreno 1996). 

• A well field consisting of ten (10) equally spaced pumping wells located west of 
Highway 491 and south of Table Mesa, as shown on Figures 9 and 10. Wells were placed 
equally apart at ¼ mile spacing. 

• The simulated wells are screened entirely and exclusively in model layer 2. 

• Each simulated well pumps at a continuous rate of 442,080 gallons per day (gpd), or 307 
gpm, for a period of 14,600 consecutive days, or 40 years. This equals the total 
annualized project demand of 4,950 af/yr (Sithe 2005), or 3,070 gpm. 

• A uniform model layer 1 thickness of 650 feet (see Figure 4). 

• A uniform model layer 2 thickness of 1,000 feet (see Figure 6). 

• A specified head boundary was set along the northern and southern model boundaries 
according to a calculated hydraulic gradient of 0.0038 ft/ft. This value was derived using 
the potentiometric surface contour map compiled for the Morrison Aquifer (Figure 3)2. 

• No flow boundaries were set along the western and eastern model boundaries to simulate 
groundwater flow from south to north. 

5.3 MODEL PREDICTIONS  

Drawdown predictions following 20 years and 40 years of continuous pumping are graphically 
presented in Figures 9 and 10, respectively. Based upon the input assumptions presented in 

                                                 
2 Regional groundwater declines in the Morrison aquifer were not factored into the specified head boundaries due to 
insufficient water level data in the study area. 
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Section 5.2, the maximum cumulative 20-year and 40-year impact resulting from the annual 
projected withdrawal of 4,950 af/yr, or 3,070 gpm, is predicted to be approximately 800 feet and 
1,000 feet, respectively. The maximum drawdown predicted occurs at the center of the simulated 
pumping wells and decreases with distance from the well centers. Note: Assuming the 
potentiometric surface of waters in the Morrison formation is roughly equivalent to the land 
surface elevation (see Figure 3), the model predicted drawdown presented in Figures 9 and 10 
represents the decline in the potentiometric surface relative from land surface.  

The wells with predicted drawdown impacts equal to or greater than 50 feet after 20 years of 
continuous pumping include wells 12T-646 and 12K-320 (see Figure 9). The predicted 
potentiometric surface decline at these two wells is approximately 50 feet and 350 feet, 
respectively. The wells with predicted drawdown impacts equal to or greater than 50 feet after 40 
years of continuous pumping include wells 12T-654, 12T-646, and 12K-320 (see Figure 10). The 
predicted potentiometric surface decline at these three wells is approximately 75, 90, and 
450 feet. According to NNDWR (2005) records, well 12K-320 derives it production from the 
Dakota Sandstone and the Morrison Formation, with its primary production coming from the 
later (see Figure 1 and Table 3). Therefore, the predicted impact from our modeling analysis over 
simulates impact on the potentiometric surface at this well. Records on water production 
volumes relative to geologic formations were not available for wells 12T-654 and 12T-646. 
Assuming all water production from these two wells is derived from the Morrison Formation, the 
model predicted drawdown represents a worst-case scenario in terms of potentiometric surface 
impacts, based on the limited data available for this analysis. 
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6.0 CONCLUSIONS 

Given the assumptions presented herein, our modeling analysis indicates that sufficient local 
groundwater resources are available from the Morrison Aquifer (at the modeled location) to meet 
the projected withdrawal demands of 4,950 af/yr, or 3,069 gpm, for the proposed Desert Rock 
Energy Project for the next 40 years. Our MODFLOW-96 analysis predicts that three existing 
wells could experience more than 50 feet of potentiometric surface declines after 40 years of 
pumping from the simulated well field. The wells with over 50 feet of predicted potentiometric 
surface declines include wells 12T-654, 12T-646, and 12K-320. The well with most predicted 
impact is stock irrigation well 12K-320, which is an artesian flowing well used to water livestock 
in the area (NNDWR 2005). Because well 12K-320 reportedly derives most of its water from the 
Morrison Formation (see Figure 1 and Table 3), it is possible that the anticipated withdrawals for 
the Desert Rock Energy Project will cause this well to stop flowing at the surface. The effect on 
the other two wells is uncertain because it is not know which aquifer(s) these wells derive their 
water from (see Figure 1 and Table 3). 

It should be noted that very conservative aquifer parameters were used in our modeling analysis, 
thus representing what we believe should represent a worst-case scenario. In addition, very 
limited aquifer test data were available from wells screened exclusively and entirely in the 
Morrison Aquifer for the study area and in particular the area of the simulated well field. Also, 
the modeling analysis does not account for recharge from precipitation infiltration or streamflow 
infiltration along outcrop areas, therefore the modeled potentiometric surface declines may be 
over-predicted.  
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7.0 RECOMMENDATIONS 

Based upon the results of this well impact study, URS makes the following recommendations: 

1. Due to the limited aquifer test data from wells screened solely in the Morrison Aquifer in 
the vicinity of the simulated well field area, Sithe should consider drilling and 
constructing one large diameter production well and at a minimum, one adjacent smaller 
diameter monitor well. Testing would include evaluating local lithology (drill cuttings 
and geophysical logging) to identify the most productive zones (i.e., secondary flow from 
fracture zones), long-term aquifer production potentials (from aquifer testing data), and 
zonal water quality of varying formations (from zonal sampling). 

2. The test data obtained from the drilling and testing of the new production well and 
monitor well should be used to refine the modeling analysis. In addition to modifying 
aquifer parameters, wells may be added, removed, repositioned, or modified (i.e., pump 
rates, screen interval, etc.) in the model. Predictions from the revised model would be 
more indicative of potentiometric surface drawdown of the Morrison Aquifer than the 
currently modeling analysis suggests. 
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Figure 8
Theis (1935) Residual Drawdown Solution for 15-Hour Recovery Test Data Sanostee Wash Well  

September 17-18, 2002 
Desert Rock Energy Project New Mexico
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Sanostee Well straight line match 

T = 69.1 ft2/day
b = 200 feet 

K = T/b = 0.35 ft/day

Abbreviations:
ft2/day = square feet per day
t = time elapsed since pumping began (minutes)
t' = time elapsed since pumping stopped (minutes)
T = aquifer transmissivity, in feet squared per day 

(ft2/day)
b = saturated thickness of well in feet 
K = hydraluic conductvity, in feet per day (ft/day)
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Table 1
Well Inventory - Navajo Nation Department of Water Resources 

Desert Rock Energy Project
New Mexico

MAP WELL NO. WELL ID OPERATOR USE FINISH DATE

TOTAL WELL 
DEPTH       
(feet)

DEPTH TO 
WATER      

(feet bgs)

CASING 
DIAMETER 1 

(inches)
DEPTH     
(ft bgs)

CASING 
DIAMETER 2 

(inches)
DEPTH     
(ft bgs)

CASING 
DIAMETER 3 

(inches)
DEPTH     
(ft bgs)

CASING 
DIAMETER 4 

(inches)
DEPTH     
(ft bgs)

DEPTH 
INTERVAL      (ft 

bgs) WELL CASING

DEPTH 
INTERVAL      

(ft bgs) WELL CASING

DEPTH 
INTERVAL     (ft 

bgs) WELL CASING

DEPTH 
INTERVAL      

(ft bgs) WELL CASING

DEPTH 
INTERVAL      

(ft bgs) WELL CASING

12K-300A 12K-300A UNKNOWN UNK Sep-28 2170 N/A 12.50 0-92 10.00 0-503 8.25 0-1270 6.63 0-1693 1492-1529 Screen 1574-1668 Screen 1693-1717 Blank

12K-309 12K-309 UNKNOWN UNK Sep-40 1640 N/A 8.25 0-40 7.00 40-829 5.00 829-1456 4.00 1456-1570 1570-1640 Blank

12K-320 12K-320 TRIBE O&M DOM Aug-60 1992 ART 10.00 0-826 8.62 826-1340 6.62 1332-1400 6.62 1349-1800 1745-1992 Screen

12K-357 12K-357 TRIBE O&M LIV Jul-57 1464 ART 9.63 0-909 13.75 0-60.5 909-1464 Blank

12R-84 12R-84 TRIBE O&M DOM N/A 1430 75 2.00 N/A 8.00 0-1136 1136-1430 Blank

12T-508 12T-508 TRIBE O&M DOM Jul-59 1172 ART 8.63 0-950 10.00 0-212 950-1172 Blank

12T-511 12T-511 UNKNOWN LIV Oct-59 4274 ART 4.50 0-2000 773-779 Screen 903-909 Screen 1680-1686 Screen 1699-1711 Screen 1781-1799 Screen

12T-519 12T-519 TRIBE O&M LIV Oct-60 1287 N/A 8.62 0-271 7.50 270-1035 1035-1287 Blank

12T-520 12T-520 TRIBE O&M DOM Feb-61 1850 ART 16.00 0-46 12.00 0-530 9.62 0-1339 7.00 844-1482 1482-1777 Blank

12T-548 12T-548 TRIBE O&M LIV Mar-27 2013 ART 6.62 0-1062 5.19 1062-1733 1733-2013 Blank

12T-551 12T-551 TRIBE O&M LIV Jul-63 7833 ART 9.62 0-1637 1637-1950 Blank

12T-587 12T-587 NTUA DOM Feb-67 1140 N/A 8.62 0-1140 782-821 Screen 840-850 Screen 900-940 Screen 1080-1090 Screen 1114-1128 Screen

12T-618 12T-618 NTUA DOM May-05 1440 N/A 8.62 N/A

12T-618A 12T-618A TRIBE O&M LIV Jan-81 1447 ART 16.00 0-67 12.62 0-742 8.62 790-1447 720-740 Screen 800-940 Screen 1040-1060 Screen 1180-1210 Screen 1250-1320 Screen

12T-620 12T-620 TRIBE O&M LIV Sep-77 2034 ART 2.38 0-1200   1200-2034 Blank

12T-628 12T-628 TRIBE O&M DOM Dec-78 2597 ART 8.62 0-109 2.38 109-1827   1827-2597 Blank

12T-629 12T-629 TRIBE O&M LIV Nov-77 2520 ART 2.38 0-1764   1764-2511 Blank

12T-630 12T-630 TRIBE O&M LIV Nov-77 2300 ART 2.38 0-1512   1512-2300 Blank  

12T-632 12T-632 TRIBE O&M LIV Oct-77 2518 ART 6.63 0-200 2.00 0-1750   1743-2518 Blank

12T-633 12T-633 NTUA MUN Oct-77 2125 ART 2.38 0-1512 6.62 0-17 1512-2125 Blank

12T-634 12T-634 TRIBE O&M DOM Nov-77 1908 ART 6.62 0-200 2.37 0-1407   1407-1908 Blank

12T-635 12T-635 TRIBE O&M LIV Oct-77 2108 N/A 6.62 0-35 2.37 35-1176 1176-2108 Blank

12T-640 12T-640 TRIBE O&M LIV Dec-77 2349 N/A 2.00 0-1491 6.25 0-120 1491-2349 Blank

12T-643 12T-643 TRIBE O&M DOM Jul-78 1632 N/A 2.37 0-1323 6.60 2-101 1323-1632 Blank

12T-644 12T-644 TRIBE O&M LIV Jul-78 1912 0 2.00 0-1386 1386-1912 Blank

12T-646 12T-646 TRIBE O&M UNK Jul-78 1748 N/A 2.38 0-1281 6.62 0-79 1281-1748 Blank

12T-647 12T-647 TRIBE O&M LIV Aug-78 1912 46 2.37 0-1407 6.88 0-85 1407-1912 Blank

12T-649 12T-649 TRIBE O&M LIV Aug-78 2047 N/A 2.75 0-1595 6.62 0-96 1575-2047 Blank

12T-651 12T-651 TRIBE O&M LIV Aug-78 1691 N/A 6.62 0-96 2.37 96-1281 1281-1691 Blank

12T-654 12T-654 TRIBE O&M UNK Sep-78 1656 0 2.38 0-1302 6.63 0-92 1302-1656 Blank

12T-703 12T-703 TRIBE O&M LIV N/A 1940 N/A N/A 0-1940 180-460 Screen 830-940 Screen 1140-1400 Screen 1520-1940 Screen

13K-207 13K-207 TRIBE O&M LIV Sep-52 1165 429 6.00 0-885 885-1120 Blank

13P-522 13P-522 TRIBE O&M DOM Aug-73 5250 N/A 20.00 0-100 5.50 0-5000 5000-5250 Blank

13T-514 13T-514 TRIBE O&M DOM Oct-68 1368 263 6.62 0-1337 10.75 0-42 450-460 Screen 484-498 Screen 660-666 Screen 1040-1042 Screen 1337-1368 Blank

BRNHM WSW1 BRNHM WSW1 EPNG LIV Aug-73 5250 702 20.00 0-100 5.50 0-5000 5000-5250 Blank

Data Source:  Navajo Nation Department of Water Resource, Water Management Branch Well Database-April 2005

Abbreviations: Use Codes:
ART = Artesian (flow encountered above ground surface) DOM Domestic
ft bgs = feet below ground surface LIV Livestock
N/A = Not Available MUN Municipal



Table 2
Well Inventory - New Mexico Office of the State Engineer 

Desert Rock Energy Project
New Mexico

MAP WELL NO. WELL ID OPERATOR USE TWS RNG SEC Q Q2 Q3 FINISH DATE

TOTAL WELL 
DEPTH (ft 

bgs)

DEPTH TO 
WATER       
(ft bgs)

1 SJ  00027 N/A NOT 29N 15W 1 1 2 3 10/17/1950 1005 ART
17 SJ  00226 N/A DOM 29N 14W 7 1 1 3 5/20/1977 100 50
19 SJ  00248 N/A DOM 29N 16W 4 3 4 3 4/23/1977 35 10
21 SJ  00257 N/A DOM 29N 16W 3 2 2 3 4/25/1978 32 20
22 SJ  00258 N/A SAN 29N 16W 3 2 2 4 4/26/1978 34 20
23 SJ  00264 N/A STK 29N 16W 9 0 0 5/2/1977 35 10
24 SJ  00291 N/A DOM 29N 15W 12 2 1 8/11/1977 0 110
27 SJ  00357 N/A DOM 29N 16W 4 4 2 2 6/22/1977 45 29
29 SJ  00373 N/A DOM 29N 16W 4 2 0 6/25/1977 55 30
30 SJ  00376 N/A DOM 29N 14W 8 4 4 4 8/19/1977 80 50
31 SJ  00417 N/A DOM 29N 14W 17 2 3 1 8/4/1977 38 7
32 SJ  00418 N/A DOM 29N 14W 17 2 3 1 8/11/1977 35 7
33 SJ  00437 N/A DOM 26N 18W 10 2 1 1 8/18/1977 2063 ART
34 SJ  00451 N/A DOM 29N 14W 7 4 1 3 9/7/1977 39 24
35 SJ  00465 N/A DOM 26N 18W 35 3 1 3 9/8/1977 2034 ART
37 SJ  00477 N/A STK 25N 18W 7 2 1 2 9/16/1977 2125 ART
39 SJ  00521 N/A STK 29N 17W 21 1 4 2 11/2/1977 2300 ART
41 SJ  00522 N/A STK 29N 17W 23 3 1 2 11/3/1977 2520 ART
46 SJ  00754 N/A STK 26N 18W 4 3 2 2 7/26/1978 1748 ART
48 SJ  00778 N/A STK 26N 18W 33 3 1 1 8/3/1978 1912 ART
49 SJ  00780 N/A STK 26N 18W 19 3 4 4 8/3/1978 2047 ART
50 SJ  00781 N/A STK 26N 18W 14 3 1 1 8/7/1978 1728 ART
52 SJ  00782 N/A STK 25N 18W 17 3 1 1 8/8/1978 1691 ART
54 SJ  00783 N/A STK 26N 18W 14 3 4 4 8/5/1978 2211 ART
56 SJ  00788 N/A DOM 29N 14W 8 4 4 5/2/1979 100 70
57 SJ  00793 N/A STK 26N 18W 5 4 3 2 9/4/1978 1656 ART
59 SJ  00815 N/A MON 30N 15W 27 4 3 3 10/17/1978 231 ART
60 SJ  00815 N/A MON 30N 15W 22 3 3 4 10/14/1978 240 ART
71 SJ  00846 N/A MON 25N 15W 28 2 1 4/11/1979 593 50
72 SJ  00846 N/A MON 25N 15W 28 2 1 4/26/1979 593 50
73 SJ  00861 N/A DOM 29N 16W 2 1 2 3/31/1947 21 10
74 SJ  00862 N/A DOM 29N 16W 2 1 1 2/28/1970 257 25
75 SJ  00863 N/A DOM 30N 16W 36 3 3 5/31/1945 45 35
76 SJ  00864 N/A DOM 29N 16W 2 1 2 3/31/1974 21 10
77 SJ  00865 N/A DOM 29N 16W 2 1 1 8/31/1960 45 30
78 SJ  00866 N/A IRR 30N 16W 36 3 1 3/31/1974 90 60
79 SJ  00876 N/A DOM 30N 16W 35 2 4 6/30/1979 77 57
82 SJ  00931 N/A DOM 29N 15W 4 3 4 4/25/1979 44 22
84 SJ  00944 N/A DOM 30N 14W 3 1 3 6/6/1979 61 5
85 SJ  00947 N/A DOM 29N 14W 8 0 0 5/18/1979 370 275
97 SJ  01016 N/A DOM 29N 15W 11 3 4 7/22/1979 25 4
98 SJ  01034 N/A DOM 29N 14W 18 2 2 1 11/12/1979 28 16

100 SJ  01136 N/A DOM 29N 15W 12 2 2 3/26/1980 150 40
102 SJ  01223 N/A DOM 29N 15W 13 2 4 7/21/1980 30 12
103 SJ  01237 N/A DOM 29N 15W 6 4 1 4 8/7/1980 30 14
106 SJ  01259 N/A DOM 29N 14W 17 1 0 9/9/1980 31 3
107 SJ  01266 N/A STK 26N 18W 15 3 2 2 8/25/1980 N/A N/A
111 SJ  01407 N/A DOM 29N 14W 6 3 3 3 7/5/1981 70 52
112 SJ  01568 N/A DOM 29N 14W 7 1 1 5/24/1982 72 30
113 SJ  01569 N/A SAN 29N 15W 11 1 2 5/27/1982 60 45
117 SJ  01883 N/A DOM 29N 14W 6 2 3 9/5/1984 75 30
119 SJ  02010 N/A DOM 29N 15W 11 1 3 11/9/1985 25 9
122 SJ  02036 N/A DOM 29N 14W 7 4 0 4/22/1986 62 15
123 SJ  02055 N/A DOM 29N 14W 5 1 1 5/12/1987 150 90
125 SJ  02063 N/A DOM 29N 15W 11 1 3 6/17/1986 26 ART
126 SJ  02071 N/A DOM 29N 15W 12 1 1 2 10/30/1986 51 32
129 SJ  02081 N/A DOM 29N 15W 12 1 1 2 11/11/1986 42 30
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Table 2
Well Inventory - New Mexico Office of the State Engineer 

Desert Rock Energy Project
New Mexico

MAP WELL NO. WELL ID OPERATOR USE TWS RNG SEC Q Q2 Q3 FINISH DATE

TOTAL WELL 
DEPTH (ft 

bgs)

DEPTH TO 
WATER       
(ft bgs)

130 SJ  02143 N/A DOM 29N 14W 17 1 2 4 1/29/1988 36 26
131 SJ  02165 N/A DOM 29N 15W 11 1 1 1 3/5/1988 40 25
136 SJ  02375 N/A DOM 29N 15W 12 3 2 1/18/1993 38 8
137 SJ  02392 N/A PUB 30N 16W 35 2 4 8/10/1992 133 ART
138 SJ  02639 N/A DOM 29N 14W 7 3 3 4 6/14/1995 18 6
141 SJ  02790 N/A DOM 29N 14W 18 2 2 4 N/A 40 ART
142 SJ  02927 N/A DOM 29N 14W 6 2 3 2 5/3/1999 150 ART
143 SJ  02976 N/A DOM 29N 15W 11 3 2 3 1/24/2000 29 8
144 SJ  02999 N/A DOM 29N 14W 17 1 4 1 8/22/2000 42 28
145 SJ  03012 N/A DOM 29N 16W 2 1 4 1 6/22/2000 27 12
146 SJ  03015 N/A DOM 30N 16W 35 4 3 4 6/22/2000 43 17
147 SJ  03074 N/A DOM 29N 14W 9 1 3 1 N/A 70 ART
148 SJ  03139 N/A DOM 29N 16W 1 1 4 2 N/A 45 ART
149 SJ  03232 N/A DOM 30N 16W 35 4 3 2 N/A 40 ART

Data Source:  New Mexico Office of the State Engineer, Water Administration and Technical Engineering Resource 
System (W.A.T.E.R.S.) GIS Database, updated 3/17/03
Note: Duplicate wells, and wells with no completion date or a completion depth are excluded from this table and the well location map.

Footnotes: Use Codes:
ART = Artesian (flow encountered above ground surface) DOM Domestic one household
ft bgs = feet below ground surface IRR Irrigation
N/A = Not Available MON Monitoring well

NOT No use of right or pod
PUB Construction of public works
SAN Sanitary in conjuction with a commercial use
STK Livestock watering
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Table 3
Well Geologic Units Summary

Desert Rock Energy Project
New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit                              
(ft bgs)

Depth to Bottom 
of unit                     
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

DAKOTA SANDSTONE 1080 1210 130 S

MORRISON SANDSTONE/SHALE 1210 1717 507 P

MANCOS SHALE 0 662 662 N

GALLUP SANDSTONE 662 698 36 N

MANCOS SHALE 698 1502 804 N

DAKOTA SANDSTONE/SHALE 1502 NR ?? P

MANCOS SHALE 0 460 460 N

GALLUP SANDSTONE 460 540 80 N

MANCOS SHALE 540 1300 760 N

DAKOTA SANDSTONE/SHALE 1300 1470 170 S

BRUSHY BASIN SANDSTONE/SHALE 1470 1530 60 P

MORRISON SANDSTONE/SHALE 1530 1985 455 P

BLUFF SANDSTONE 1985 NR ?? N

12K-357 DAKOTA SANDSTONE 1370 NR P NE NE

DAKOTA SANDSTONE 880 1130 250 U

MORRISON SANDSTONE/SHALE 1130 NR ?? U

MANCOS SHALE 20 100 80 N

GALLUP SANDSTONE 100 185 85 N

MANCOS 185 955 770 N

DAKOTA SANDSTONE 955 1114 159 P

BRUSHY BASIN SANDSTONE/SHALE 1114 NR ?? S

12K-309

12K-300A

12T-508

12R-84

12K-320

NE

NE

NE

NE

NE

>507

NE

>515

UTC

UTC

See page 8 for Explanations 1 of 8



Table 3
Well Geologic Units Summary

Desert Rock Energy Project
New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit                              
(ft bgs)

Depth to Bottom 
of unit                     
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

ALLUVIUM SAND/GRAVEL 0 20 20 N

MENEFEE SANDSTONE/SHALE 20 2006 1986 P

POINT LOOKOUT SANDSTONE/SHALE 2006 2275 269 N

MANCOS UPPER SHALE 2275 3175 900 N

GALLUP SANDSTONE 3175 3382 207 N

MANCOS LOWER SHALE 3382 4112 730 N

DAKOTA SANDSTONE/SHALE 4112 NR ?? N

DAKOTA SANDSTONE 1025 1255 230 P

MORRISON SANDSTONE/SHALE 1255 NR ?? S

ALLUVIUM SAND/GRAVEL 0 30 30 N

MANCOS UPPER SHALE 30 248 218 N

GALLUP SANDSTONE 248 330 82 N

MANCOS LOWER SHALE 330 895 565 N

SHALE 895 1015 120 N

DAKOTA SANDSTONE/SHALE 1015 1180 165 N

BRUSHY BASIN MUDSTONE 1180 1342 162 N

WESTWATER CANYON SANDSTONE 1342 1485 143 S

RECAPTURE SILTSTONE 1485 1610 125 S

SALTWASH SILTSTONE 1610 1760 150 P

BLUFF SANDSTONE 1760 1795 35 U

SUMMERVILLE SANDSTONE/SHALE 1795 NR ?? N

12T-511

12T-520

12T-519

NE

NE

143

NE

UTC

615

See page 8 for Explanations 2 of 8



Table 3
Well Geologic Units Summary

Desert Rock Energy Project
New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit                              
(ft bgs)

Depth to Bottom 
of unit                     
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

MANCOS SHALE 710 821 111 N

DAKOTA SANDSTONE 821 1024 203 P

MORRISON SANDSTONE/SHALE 1024 NR ?? P

MANCOS SHALE 0 1410 1410 N

DAKOTA SANDSTONE 1410 1580 170 N

BRUSHY BASIN SANDSTONE/SHALE 1580 1785 205 N

WESTWATER CANYON SANDSTONE 1785 2083 298 P

RECAPTURE SILTSTONE 2083 NR ?? N

MENEFEE SANDSTONE/SHALE 0 1052 1052 P

POINT LOOKOUT SANDSTONE/SHALE 1052 NR ?? S

MENEFEE SANDSTONE/SHALE 0 1274 1274 S

POINT LOOKOUT SANDSTONE/SHALE 1274 NR ?? P

MANCOS SHALE 5 800 795 N

DAKOTA SANDSTONE/SHALE 800 1040 240 N

BRUSHY BASIN SANDSTONE/SHALE 1040 1175 135 N

WESTWATER CANYON SANDSTONE 1175 1390 215 P

RECAPTURE SANDSTONE/SHALE 1390 1960 570 S

12T-620

12T-587

12T-618A

12T-548

12T-551

NE

298

NE

NE

215

UTC

>503

NE

NE

>920

See page 8 for Explanations 3 of 8



Table 3
Well Geologic Units Summary

Desert Rock Energy Project
New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit                              
(ft bgs)

Depth to Bottom 
of unit                     
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

MANCOS UPPER SHALE 0 615 615 N

GALLUP SANDSTONE/SHALE 615 785 170 N

MANCOS LOWER SHALE 785 1460 675 N

DAKOTA SANDSTONE/SHALE 1460 1605 145 N

BRUSHY BASIN SANDSTONE/SHALE 1605 1810 205 N

WESTWATER CANYON SANDSTONE 1810 2150 340 P

RECAPTURE SANDSTONE/SHALE 2150 NR ?? S

MANCOS UPPER SHALE 0 460 460 N

GALLUP SANDSTONE/SHALE 460 720 260 N

MANCOS LOWER SHALE 720 1290 570 N

DAKOTA SANDSTONE/SHALE 1290 1508 218 N

BRUSHY BASIN SANDSTONE/SHALE 1508 1710 202 S

WESTWATER CANYON SANDSTONE 1710 1928 218 P

RECAPTURE SANDSTONE/SHALE 1928 NR ?? S

12T-628

12T-629

340

218

>545

>420

See page 8 for Explanations 4 of 8



Table 3
Well Geologic Units Summary

Desert Rock Energy Project
New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit                              
(ft bgs)

Depth to Bottom 
of unit                     
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

MANCOS UPPER SHALE 0 250 250 N

GALLUP SANDSTONE/SHALE 250 470 220 N

MANCOS LOWER SHALE 470 1070 600 N

DAKOTA SANDSTONE 1070 1330 260 N

BRUSHY BASIN SANDSTONE/SHALE 1330 1478 148 N

WESTWATER CANYON SANDSTONE 1478 1745 267 S

RECAPTURE SANDSTONE/SHALE 1745 2124 379 S

SALTWASH SANDSTONE/SHALE 2124 2222 98 S

BLUFF SANDSTONE 2222 NR ?? S

MANCOS UPPER SHALE 0 418 418 N

GALLUP SANDSTONE 418 570 152 N

MANCOS LOWER SHALE 570 1370 800 N

DAKOTA SANDSTONE 1370 1546 176 N

BRUSHY BASIN SANDSTONE/SHALE 1546 1890 344 S

WESTWATER CANYON SANDSTONE 1890 2100 210 P

RECAPTURE SANDSTONE/SHALE 2100 2443 343 S

BLUFF SANDSTONE 2443 NR ?? U

12T-632

12T-630

267

210

>892

>897

See page 8 for Explanations 5 of 8



Table 3
Well Geologic Units Summary

Desert Rock Energy Project
New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit                              
(ft bgs)

Depth to Bottom 
of unit                     
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

GALLUP SANDSTONE 0 59 59 N

MANCOS LOWER SHALE 59 895 836 N

DAKOTA SANDSTONE 895 1080 185 N

BRUSHY BASIN SANDSTONE/SHALE 1080 1270 190 S

WESTWATER CANYON SANDSTONE 1270 1547 277 P

RECAPTURE SANDSTONE/SHALE 1547 1930 383 S

BLUFF SANDSTONE 1930 NR ?? S

MANCOS LOWER SHALE 375 918 543 N

DAKOTA SANDSTONE 918 1030 112 N

BRUSHY BASIN SANDSTONE/SHALE 1030 1375 345 N

WESTWATER CANYON SANDSTONE 1375 1525 150 P

RECAPTURE SANDSTONE/SHALE 1525 NR ?? S

12T-633

12T-634

277

150

>850

>495

See page 8 for Explanations 6 of 8



Table 3
Well Geologic Units Summary

Desert Rock Energy Project
New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit                              
(ft bgs)

Depth to Bottom 
of unit                     
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

GALLUP SANDSTONE 335 440 105 N

MANCOS LOWER SHALE 440 905 465 N

DAKOTA SANDSTONE/SHALE 905 1085 180 N

BRUSHY BASIN SANDSTONE/SHALE 1085 1350 265 S

WESTWATER CANYON SANDSTONE 1350 1670 320 P

RECAPTURE SANDSTONE/SHALE 1670 1955 285 S

SUMMERVILLE SANDSTONE/SHALE 1955 NR ?? S

12T-640 MORRISON SANDSTONE/SHALE 1487 NR ?? P UTC NE

MANCOS LOWER SHALE 0 840 840 N

DAKOTA SANDSTONE 840 1040 200 N

MORRISON SANDSTONE/SHALE 1065 NR ?? P

WESTWATER CANYON SANDSTONE 1345 1618 273 P

12T-647 MORRISON SANDSTONE/SHALE 1323 NR ?? P UTC NE

MANCOS SHALE 0 230 230 N

GALLUP SANDSTONE 230 450 220 N

MANCOS LOWER SHALE 450 1134 684 N

DAKOTA SANDSTONE 1134 1354 220 N

MORRISON SANDSTONE/SHALE 1354 NR ?? P

12T-643

12T-649

12T-635

320

273

NE

>553

UTC

870

See page 8 for Explanations 7 of 8



Table 3
Well Geologic Units Summary

Desert Rock Energy Project
New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit                              
(ft bgs)

Depth to Bottom 
of unit                     
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

12T-651 MORRISON SANDSTONE/SHALE 1060 1691 631 P UTC NE

Data Source:  Navajo Nation Department of Water Resource, Water Management Branch Well Database-April 2005

Abbreviations: Footnotes:

NR = Not Recorded AContribution to Well Production: P = Primary; S = Secondary; N = None

ft bgs = feet below ground surface BThickness of Morrison Formation: NE = Formation Not Encountered; UTC = Unable to calculate

CThickness of Westwater Canyon Membern: NE = Member Not Encountered; UTC = Unable to calculate

See page 8 for Explanations 8 of 8



Table 4
Water Quality Data from Wells Sampled on May 11, 2005

Desert Rock Energy Project New Mexico

General Chemistry

Sample ID pH Temperature TDS Turbidity Conductivity Nitrite Nitrate Chloride Fluoride Sulfate
(° C) (mg/L) (NTU) (µmhos/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

12K-655 8.1 21.8 160 < 0.02 270 < 0.020 < 0.50 4.5 < 0.50 6.6
12K-633 9 21.5 170 < 0.02 280 < 0.020 < 0.50 < 2.5 < 0.50 3.4
12K-320 9.3 21.5 300 < 0.02 500 < 0.020 < 0.50 4.5 < 0.50 52

Metals 

Sample ID Aluminum Antimony Arsenic Barium Boron Cadmium Calcium Chromium Cobalt Copper
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

12K-655 < 0.10 < 0.0030 < 0.0040 0.14 < 0.10 < 0.0030 20 < 0.010 < 0.010 0.29
12K-633 < 0.10 < 0.0030 < 0.0040 0.014 < 0.10 < 0.0030 1.3 < 0.010 < 0.010 < 0.010
12K-320 < 0.10 < 0.0030 < 0.0040 0.036 < 0.10 < 0.0030 1.1 < 0.010 < 0.010 < 0.010

 

Radiochemical Activity

Sample ID

12K-655
12K-633
12K-320

Explanation:
TDS = Total Dissolved Solids
< = below laboratory reporting limits
mg/L = milligrams per Liter
µmhos/cm = micromhos per centimeter

600 / 00-02 (pCi/L)

12. +/- 1.7
9.8 +/- 1.5

Gross Alpha
Activity Method

904 (pCi/L)
< 0.4
< 0.3

0.9 +/- 0.4

Radium 226
Activity Method 

903.1 (pCi/L)
< 0.3
< 0.3
---- ----

Total Radium
(pCi/L)

< 0.4
< 0.3
----

Radium 228
Activity Method

P:\Sithe\Sithe-Chris C\Well Impact Report\Table 4 - Water Quality Data 1 of 2
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Table 4
Water Quality Data from Wells Sampled on May 11, 2005

Desert Rock Energy Project New Mexico

General Chemistry (continued)

Sample ID
Bicarbonate Carbonate Hydroxide Total

12K-655 140 < 20 < 20 140
12K-633 89 50 < 20 140
12K-320 100 97 < 20 200

Metals (continued)

Sample ID Iron Lead Magnesium Nickel Potassium Selenium Silica Silver Sodium Thallium
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

12K-655 < 0.10 0.0095 4 < 0.010 2.8 < 0.0030 19 < 0.0050 34 < 0.0020
12K-633 < 0.10 < 0.0030 < 1.0 < 0.010 < 2.0 < 0.0030 16 < 0.0050 68 < 0.0020
12K-320 < 0.10 < 0.0030 < 1.0 < 0.010 < 2.0 < 0.0030 18 < 0.0050 110 < 0.0020

Alkalinity (mg/L)

P:\Sithe\Sithe-Chris C\Well Impact Report\Table 4 - Water Quality Data 2 of 2
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1.0 INTRODUCTION BACKGROUND 

Miller Brooks Environmental, Inc. (Miller Brooks) has prepared this report on behalf of Sithe Global 

Power, LLC (Sithe) for the proposed Desert Rock Power Plant located in the Four Corners Area New 

Mexico (see Figure 1).  This report is based upon a previous study conducted by URS Corporation 

(URS) in 2005, the results of which are summarized in the report titled Final Well Impact Report 

(2005).  This report was prepared to incorporate new geologic and hydrogeologic data within the study 

area that were not included in the previous study by URS (2005).  New data evaluated from the New 

Mexico Energy, Minerals, and Natural Resources Department (EMNRD) OCD Image Database 

included 31 oil/gas test well logs obtained by the United States Department of the Interior (EMNRD, 

2006).  The logs were evaluated to more accurately approximate the depth to the top of and thickness 

of the Morrison Formation, which is the primary water-bearing formation identified for the withdrawal 

of groundwater for the Desert Rock Power Plant (URS, 2005). 

 

Miller Brooks also assessed and reconstructed the previous groundwater flow model created by URS 

(2005) to incorporate the new oil/gas test well data.  Other revisions to the model included expansion 

of the model domain, re-layering and re-contouring the model layers, inserting an additional model 

layer, modifying aquifer input parameters, and simulating two new alternative well field locations per 

our revised well field placement recommendation memorandum to Sithe (Miller Brooks, 2006).  A 

series of model simulations were then completed to provide more accurate predictions of impacts 

associated with the withdrawal of groundwater from the proposed water well fields (see Figure 1). 

 

New and/or revised figures, tables and appendices prepared by Miller Brooks and contained within 

this report include the following: 

 
New and/or Revised Figures 

Figure 1 Site Reference and Well Location Map, Desert Rock Energy Project 
   Study Area 
Figure 5 Geologic Cross Section B-B’ 
Figure 6  Geologic Cross Section C-C’ 
Figure 7 Geologic Cross Section D-D’ 
Figure 8 Approximate Depth to Top of the Morrison Formation 
Figure 9 Approximate Thickness of the Morrison Formation 
Figure 12 Model Boundary Map 
Figure 13 Vertical Model Layering – Cross Section A-A’ 
Figure 14 Vertical Model Layering – Cross Section B-B’ 
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Figure 15 Arial Distribution of Horizontal Conductivity – Model Layer 3 
Figure 16 20-Year Predicted Drawdown Impact Map – Proponent’s Preferred 

Alternative Water Well Field B, “Location 1” 
Figure 17 40-Year Predicted Drawdown Impact Map – Proponent’s Preferred 

Alternative Water Well Field B, “Location 1” 
Figure 18 20-Year Predicted Drawdown Impact Map – Proponent’s Preferred 

Alternative Water Well Field B, “Location 2” 
Figure 19 40-Year Predicted Drawdown Impact Map – Proponent’s Preferred 

Alternative Water Well Field B, “Location 2” 
 
New Tables 

Table 2  Well Inventory – United States Department of the Interior 
Table 5  Geologic Units Summary for Oil and Gas Test Wells Logged by the 

United States Department of the Interior (Used for Preparing Cross 
Sections B-B’, C-C’, and D-D’) 

 
New Appendix 

Appendix A  Study Area Oil and Gas Test Well Logs, United States Department of 
the Interior 
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2.0 STATEMENT OF PURPOSE AND SCOPE 

The purpose of this study is to demonstrate that: (1) sufficient groundwater resources appear 

physically available in the Morrison Formation for the proposed water uses at the proposed Desert 

Rock Power Plant and (2) to predict the impact, or drawdown, associated with the withdrawal of 

groundwater from new production wells completed within the Morrison Formation for the life cycle of 

the plant (40 years).  This report describes elements of demand, supply, and impacts associated with 

the anticipated groundwater withdrawal. 

 

The area evaluated for this study encompasses approximately 1,420 square miles of the San Juan 

Basin in the northwestern portion of New Mexico, south of Shiprock and Farmington (Figure 1).  The 

average annual water consumption demand of the proposed Desert Rock Power Plant is estimated at 

4,950 acre-feet per year (af/yr), or 3,070 gallons per minute (gpm), of continuous flow for a period of 

40 consecutive years (Sithe, 2005).  The groundwater supply portion of this study includes an 

evaluation of hydrogeologic conditions to assess the local groundwater resource availability within the 

Morrison Formation.  The impact portion of this study was estimated using the U.S. Geological 

Survey’s (USGS) MODFLOW-96 (Harbaugh and McDonald, 1996), which models groundwater 

systems in 3-dimension.  The MODFLOW-96 code is widely accepted in the hydrogeologic 

professional community as a valid numerical model to simulate groundwater flow.  The graphical 

interface Groundwater Vistas® (Rumbaugh and Rumbaugh, 1996) was used to generate the drawdown 

impact contours included in this report.  Modifications made by Miller Brooks to the previous 

groundwater flow model (URS, 2005), as well as the new model drawdown predictions, are also 

included in this report. 
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3.0 PROJECTED GROUNDWATER DEMAND 

The average water demand for the Desert Rock Energy Project for the first 40 years of operation is 

calculated to be 4,950 af/yr (equivalent to 3,070 gpm of continuous flow) (Sithe, 2005).  This is the 

volume used in our well impact modeling simulations for the revised well locations, labeled:  

Proponent’s Preferred Water Well Field B “Location 1,” and Proponent’s Preferred Water Well Field 

B “Location 2,” on the attached Figure 1.  Both well field locations were evaluated independently in 

the revised groundwater flow model and assumed a total of ten new production wells, each pumping at 

a rate of 307 gpm.  This is consistent with the number of wells and flow rate used during the previous 

modeling analysis (URS, 2005). 
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4.0 ELEMENTS OF GROUNDWATER SUPPLY 

4.1 REGIONAL HYDROGEOLOGIC CONDITIONS 

The study area is located in the northwestern portion of the San Juan Basin in Northwestern New 

Mexico.  A map showing the regional geology and major structural features of the San Juan Basin is 

provided as Figure 2.  The San Juan Basin lies on the eastern edge of the Colorado Plateau and extends 

from northwestern New Mexico into portions of northeastern Arizona along the New Mexico/Arizona 

border, southwestern Colorado, and the southeastern most corner of Utah.  The San Juan Basin is 

approximately 140 miles wide by 200 miles long, and covers a total area of 21,600 square miles (Dam, 

et al., 1990) (Figure 2). 

 

The San Juan Basin is a northwest-treading asymmetrical structural depression that formed during the 

Laramide Orogeny (Late Cretaceous-Early Tertiary) at the eastern edge of the Colorado Plateau.  

Structural boundaries of the basin consist of large, elongate, domal uplifts; low, marginal platforms; 

and abrupt monoclines (Kelley, 1951).  The most distinctive structural feature in the study area is the 

Hogback Monocline (see Figure 2), which forms a sharp boundary between the marginal platforms 

and the central basin.  The interior of the basin contains a thick sequence of sedimentary rocks from 

Cambrian to Tertiary in age, but primarily Pennsylvanian through Tertiary in age.  These rocks consist 

primarily of stacked sequences of sandstone, siltstone, mudstone, limestone, and shale.  A generalized 

stratigraphic sequence of the San Juan Basin is included in Figure 2.  These rock sequences dip from 

the basin margins toward the center of the basin.  Older sedimentary rocks outcrop around the basin 

margins and are successively overlain by younger sedimentary sequences toward the basin center.  The 

maximum stratigraphic thickness of sedimentary rocks in the basin is over 14,000 feet (as recorded in 

an oil well) at the center of the basin, east of the Hogback Monocline (Fassett and Hinds, 1971). 

 

To illustrate subsurface geology of the project study area, four geologic cross sections are provided as 

Figures 4 through 7.  Cross sections A-A’ (Figure 4) (URS, 2005) and B-B’ (Figure 5) trend north-

south across the project area.  Both of these cross sections illustrate the relatively flat subsurface 

layering of geologic deposits in the project study area.  However, as illustrated in the west-east 

trending cross sections C-C’ (Figure 6) and D-D’ (Figure 7), the geologic sequences dip steeply 

downward to the east side of the Hogback Monocline as a result of the structural deformation caused 

by the monocline. 

 



DRAFT 

 Final Well Impact Report – Revision No. 1 
Desert Rock Energy Project 
Sithe Global Power, LLC. 

4-2 
October 5, 2006 

Job No 684-0001-0001 

 

The primary source of groundwater in the San Juan Basin is derived from wells completed within 

surficial valley-fill deposits of Quaternary age and sandstones of Tertiary, Cretaceous, Jurassic, and 

Triassic age (Stone, et al., 1983).  Although in less quantities, groundwater is also encountered and has 

been used historically for uranium mining operations in the San Juan Basin from wells completed in 

the Morrison Formation and the overlying Dakota Sandstone (Stone, et al., 1983).  Groundwater from 

these two formations also supplies a significant portion of water to drinking water wells in the study 

area that are owned by the Navajo Nation Department of Water Resources (NNDWR, 2005).  

Groundwater in sandstone sequences in the San Juan Basin is generally under confined conditions, 

resulting in an artesian flow from wells completed in these units. 

4.2 LOCAL HYDROGEOLOGIC CONDITIONS 

Groundwater in the study area is encountered primarily at or near the land surface, under artesian 

conditions (see Figure 3).  Artesian flow from a well occurs when it penetrates an aquifer that is 

overlain by an impermeable or semi-impermeable unit, such as shale.  Under pressure (or 

confined/semi-confined conditions), that water will rise to the well’s potentiometric surface without 

the use of a pump.  Potentiometric surface is defined as the surface representative of the level to which 

water will rise in a well cased in the aquifer (Fetter, 1988).  Figure 3 provides contours of the 

potentiometric surface of waters in the Morrison Formation within the study area. 

 

There are three distinct geologic units that supply the majority of groundwater to existing wells 

completed in the study area (NNDWR, 2005).  With increasing depth these include: the Gallup 

Sandstone, the Dakota Sandstone, and the Morrison Formation.  According to NNDWR (2005) 

records, NNDWR wells located in the study area that are screened within these three geologic units 

produce the majority of their water from the Morrison Formation (see Figure 1 and Table 4).  Within 

the Morrison Formation, the Westwater Canyon Member (a coarse sequence of sandstone, 

conglomeritic sandstone, and mudstone) is considered the most productive unit (Stone, et al., 1983) 

(Dam, et al., 1990). 

 

A revised structural contour map depicting the approximate depth to the top of the Morrison 

Formation and the approximate thickness of the Morrison Formation are provided as Figures 8 and 9, 

respectively.  The revised maps were generated by incorporating lithologic data from oil/gas test well 

logs recorded with the United States Department of the Interior (EMNRD, 2006). Copies of those logs 

are included as Appendix A.  Miller Brooks evaluated a total of 31 oil/gas test well logs, 25 of which 
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encountered and/or recorded penetrating (or being drilled through) the bottom of the Morrison 

Formation. 

 

Based upon the revised contouring, the depth to the top of the Morrison Formation in the study area is 

between 1,000 and 6,000 feet below ground surface (bgs) (Figure 8), with a relatively uniform 

estimated thickness ranging from 850 to 1,050 feet (Figure 9).  The depth to the Morrison Formation 

near the proposed Desert Rock Power Plant increases steeply from west to east as it crosses the 

western edge of the Hogback Monocline (see Figures 6, 7 and 8). 

 

The Morrison Formation was selected as the target aquifer for this well impact analysis because: (1) it 

has a relatively higher water-bearing potential than the overlying formations in the study area, and (2) 

withdrawal of groundwater from the Morrison Formation should minimize drawdown to existing wells 

in the study area.  In addition, groundwater within the Morrison Formation is confined to semi-

confined by the overlying Mancos Shale, which has a relatively low permeability.  Therefore, impacts 

to wells completed in geologic units above the Mancos Shale (i.e., in the Gallup Sandstone) should be 

impacted much less than wells completed in geologic units below the Mancos Shale (i.e., the Dakota 

Sandstone and the Morrison Formation).  However, actual drawdown impacts associated with 

withdrawing groundwater from the proposed well field for the Desert Rock Power Plant cannot be 

precisely approximated until a test well has been constructed and appropriately tested. 

 

Recharge to the Morrison Aquifer is derived from precipitation infiltration, streamflow infiltration 

along outcrop areas, and from downward leakage (Dam, et al., 1990).  The revised modeling analysis 

(as well as the previous model constructed by URS, 2005) takes into account downward leakage from 

the semi-confining geologic unit above the Morrison sediments (see Section 5.2 for more detail). 

4.3 EXISITNG WELLS 

Existing wells in the study area are presented in Figure 1.  Wells shown include those registered with 

the New Mexico Office of the State Engineer (2005) (wells in red), wells with records maintained by 

the NNDWR (2005) (wells in blue), and oil/gas test wells recorded by the United States Department of 

the Interior and maintained by the New Mexico EMNRD (2006) (wells in green).  The logs of the new 

wells evaluated by Miller Brooks in this revised report (oil/gas test wells) are included for reference in 

Appendix A.  Also depicted on Figure 1 is the relative contribution of Morrison Aquifer-derived 

groundwater to wells completed in portions of the Morrison Formation (where data are available) for 
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wells maintained and recorded by the NNDWR.  Well inventory tables showing construction and well 

use information for wells in the study area are included as Tables 1 through 3.  Geologic information 

compiled from logs kept for NNDWR wells and the oil/gas test wells evaluated in this study are 

included as Tables 4 and 5, respectively. 

4.4 AQUIFER CHARACTERISTICS 

The transmissivity (T) of an aquifer describes its ability to transmit groundwater to a pumping well.  

The T value is dependent upon the hydraulic conductivity (K) and the saturated thickness (b) of the 

aquifer, and is defined by the relationship T = Kb.  Transmissivity is expressed in gallons per day per 

foot (gpd/ft), or square feet per day (ft2/d).  Hydraulic conductivity is expressed in units of gallons per 

day per square foot (gpd/ft2), or feet per day (ft/d). 

 

The most reliable estimates of aquifer transmissivity and hydraulic conductivity are derived from well 

aquifer test data.  In the study area however, aquifer test data are limited.  In addition, much of the 

aquifer test data come from wells that are screened in multiple aquifers and not exclusively the 

Morrison Formation.  Given available historic test data, transmissivity of the Morrison Formation in 

the study area ranges from 2 to 95 ft2/d.  The K values in the Morrison Formation in the study area 

range from 0.025 to 0.39 ft/d (Stone, et al., 1983; Riser, et al., 1984; Dam, et al., 1990).  A map 

showing the approximate distribution of transmissivity values for the Morrison Aquifer in the study 

area is presented in Figure 10. 

 

As documented in the previous Final Well Impact Report (URS, 2005), to further evaluate T and K 

values, URS analyzed data from a step test and a 15-hour constant rate aquifer test conducted in 

September 2002 at the “Sanostee Wash Well.”  This well is screened in multiple aquifers, which 

produce water from the Morrison Formation, the Dakota Sandstone, and the Gallup Sandstone 

(NNDWR, 2005), with its primary water production coming from the Morrison Formation.  This well 

is located just north of the Little River on the Sanostee Chapter, as shown on Figure 7.  Our analysis of 

the recovery test data resulted in a T value of 69 ft2/d, and a K value of 0.345 ft/day (K=T/b) (see 

Figure 11) (Theis, 1935).  Although this well is not screened exclusively in the Morrison Formation, 

the calculated T and K values fall within the published values obtained from other well test data for 

wells constructed in the Morrison Aquifer, thus providing a useful comparison. 

 



DRAFT 

 Final Well Impact Report – Revision No. 1 
Desert Rock Energy Project 
Sithe Global Power, LLC. 

4-5 
October 5, 2006 

Job No 684-0001-0001 

 

As shown in Figure 6, the revised aquifer thickness (b) of the Morrison Formation in the study area 

ranges from 850 feet to just over 1,050 feet, and 950 to 1,050 feet in the Proponent’s Preferred 

Alternative Water Well Field B, “Location 1” and “Location 2” analysis (Stone, et al. 1983; Dam, et 

al., 1990; NNDWR, 2005) (see Figure 9).  As previously discussed in Section 1.0, the approximate 

thickness of the Morrison Formation for this study was revised by incorporating data from oil/gas test 

well logs (see Table 3 and Appendix A). 

4.5 WATER QUALITY 

Data collected from numerous oil/gas test wells throughout the San Juan Basin between 1948 and 

1986 (kept in the NWIS and Petroleum Information Corporation’s databases) were complied and 

evaluated by Dam, et al., (1990). The number of samples collected, along with the minimum, 

maximum, and median value for selected chemical constituents from those wells is provided as Table 

5.  As can be seen in Table 5, water chemistry (for the constituents listed) in the Morrison Formation 

is quite variable. 

 

To further evaluate water quality in the Desert Rock Energy Project study area, on May 11, 2005, URS 

and Sithe personnel collected water quality samples from three wells that are documented as 

producing water from the Morrison Formation (NNDWR, 2005).  Wells sampled included 12K-320, 

12T-633, and 12T-655 (see Figure 1).  Two of the three wells sampled (12T-633 and 12T-655) are 

domestic drinking water wells owned and operated by the Navajo Tribe Utilities Authority (NTUA) 

and are located on the Sanostee Navajo Chapter.  The third well sampled (12K-320) is a stock 

irrigation well owned and maintained by NTUA, located approximately ten miles north of the 

Sanostee Navajo Chapter (NNDWR, 2005) (see Figure 1).  The analytical results from that sampling 

effort are summarized in Table 4.  Copies of all laboratory analytical data are provided in Appendix B.  

Generally speaking, the water sampled is of good quality.  No analytes tested were detected above 

Federal Primary or Secondary Drinking Water standards, and the water appears to be of acceptable 

quality (for the constituents tested) for use at the proposed Desert Rock Power Plant. 
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5.0 IMPACT ANALYSIS 

5.1 MODEL ASSUMPTIONS 

The groundwater model code selected for this study was the USGS’s MODFLOW-96 (Harbaugh and 

McDonald, 1996), with the advanced graphical interface Groundwater Vistas® (Rumbaugh and 

Rumbaugh, 1996).  The MODFLOW-96 code is widely accepted in the hydrogeologic professional 

community as a valid numerical model to simulate groundwater flow in three dimensions.  The 

graphical interface Groundwater Vistas® (Rumbaugh and Rumbaugh, 1996) was used to generate the 

drawdown impact contours included in this report.  To provide a more accurate simulation of 

subsurface geology, Miller Brooks utilized the computer program Surfer® (Version 8.0) to digitize 

and import the bottom elevations of Model Layers 1, 2 and 3.  Figure 12 provides a model boundary 

map, and Figures 13 and 14 depict the revised model in cross section (3-dimensional) view. 

 

The following modifications were made to the previous groundwater flow model (URS, 2005) for this 

revised well impact report.  

 The model domain area was moved to the east, to encompass the Proponent’s 

Preferred Alternative Water Well Field B, “Location 1” and “Location 2” (see Figure 

12). 

 The total model domain area was increased from 144 square miles with a total of 

280 columns, 279 rows, and 78,120 model calculation cells, to 384 square miles with 

a total of 300 columns, 322 rows, and 289,800 model calculation cells (see Figure 12). 

 Grid spacing ranged from 247.5 by 165 feet in the simulated well field area to 990 by 

660 feet elsewhere.  The previous model (URS, 2005) grid spacing ranged from 100 

ft2 in the simulated well field area to 500 ft2 elsewhere. 

 One additional model layer was added to the revised model for a total of three model 

layers.  The previous model (URS, 2005) had only two model layers.  The layers in 

the revised model represent the following geologic units: 

• Layer 1 (the upper model layer) represents the Mancos Shale and all other 
geologic units above it.  Because the Mancos Shale is relatively thick in 
the study area (~ 800 feet) and has a relatively low permeability, 
modeling the geologic units above it would likely have no appreciable 
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impact on the drawdown simulations for this study and therefore units 
above the Mancos Shale were not modeled as separate units.  Layer 1 was 
modeled as a semi-confined layer, unchanged from the previous model 
(URS, 2005).  The bottom of Layer 1 was contoured in the revised model 
as a variable thickness unit, according to the new cross sections included 
in this report (see Figures 5 through 7).  The bottom of Model Layer 1 
was computed by taking the revised approximate depth to the top of the 
Morrison Formation (see Figure 8) and adding the Model Layer 2 uniform 
thickness (220 feet) to it (see next two bullet items for more).  Figures 13 
and 14 show a cross section view of the model layers.  The previous 
model (URS, 2005) set a uniform thickness for Layer 1 at 650 feet and 
was modeled with a flat bottom. 

• Layer 2 represents the Dakota Sandstone, which lies above the Morrison 
Formation in the model domain area (see Figures 5 through 7).  This layer 
was added to the revised model because the Dakota Sandstone has a much 
higher permeability than the overlying Mancos Shale and also supplies 
some groundwater to many of the neighboring NNDWR wells (see Table 
4) located west of Highway 491.  Therefore, Miller Brooks felt it was 
prudent to simulate the Dakota Sandstone in the revised model, to more 
accurately predict drawdown from the proposed well fields.  Model Layer 
2 was assigned a uniform thickness of 200 feet and is based upon the 
revised cross sections (Figures 5 through 7). 

• Layer 3 (the bottom model layer) represents the Morrison Formation, the 
target water-bearing unit for this study.  The Morrison Formation lies 
beneath the Mancos Shale and the Dakota Sandstone and ranges in 
thickness in the model domain area from 950 to 1,050 feet (see Figure 9).  
The previous model (URS, 2005) set a uniform thickness of 1,000 feet for 
the Morrison Formation (previously Model Layer 2) (URS, 2005) and 
modeled it with a flat bottom.  In the revised model, Miller Brooks 
digitized and imported the bottom elevation of Model Layer 3 by taking 
the revised approximate depth to the top of the Morrison Formation (see 
Figure 8) and adding it to the approximate thickness of the Morrison 
Formation (see Figure 9) in the model domain area, to derive a variable 
bottom elevation of Model Layer 3 (see Figures 13 and 14 for model 
cross section views). 

 Model Layer 1 – The hydraulic conductivity (K) and horizontal to vertical 
conductivity ratio (Kh/Kv) of 0.0567 ft/day and 10:1 were unchanged from the 
previous model (URS, 2005).  These values were obtained from the most conservative 
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published values for shale (Spitz and Moreno, 1996), as site-specific values for this 
unit were unavailable. 

 Model Layer 2 – The K value and Kh/Kv ratio were set at 0.3225 ft/day and 
2:1, respectively. The K value was obtained by taking the average thickness of the 
Dakota Sandstone unit (200 feet) and dividing it by the average T value in the model 
domain area (64.5 ft2/day).  The average T value and Kh/Kv ratio were obtained from 
the most conservative published values for a medium- to fine-grained sandstone (Spitz 
and Moreno, 1996), felt to be most representative of the Dakota Sandstone. 

 Model Layer 3 – The distinct K “zones” equaling 0.075 and 0.175 ft/day, were input 
into the model per the K array shown in Figure 15.  The K values were obtained by 
taking median thickness of the Morrison Formation (1,000 feet) and dividing it by the 
median T values in the model domain area (75 ft2/day and 125 ft2/day) (see Figure 10 
for T array).  The Kh/Kv ratio was changed from a 10:1 to 2:1 ratio based upon our 
reevaluation of published values for a medium to fine grained sandstone (Spitz and 
Moreno, 1996). 

 The storage coefficient for Layers 1 through 3 was set at 0.00011 (unitless).  This 
value represents the median published values from nine wells tested in the Morrison 
Aquifer (Dam, et al., 1990), and is unchanged from the previous model values for 
Layers 1 and 2 (URS, 2005). 

 The specific yield (Sy) for Model Layers 1, 2 and 3 were set at 0.03, 0.24 and 
0.24 (unitless), respectively.  The Sy value from the previous model (URS, 2005) was 
unchanged for Model Layer 1.  The Sy value for Model Layer 3 (Layer 2 in the 
previous model) was changed from 0.2 to 0.24 (unitless).  All values were selected 
from published values for corresponding geologic units (Spitz and Moreno, 1996). 

 Two well fields consisting of 10 equally spaced pumping wells, identified as 
Proponent’s Preferred Alternative Water Well Field B, “Location 1” and “Location 2” 
(see Figure 12) were input into the revised model.  The previous model simulated one 
well field with 10 equally spaced pumping wells located west of Highway 491 and 
south of Table Mesa (URS, 2005).  Well spacing was unchanged at 0.25 mile. 

 The simulated wells are screened entirely and exclusively in the Morrison Formation 
(Model Layer 3 in the revised model, Model Layer 2 in the previous model).  This 
remains unchanged from the previous model (URS, 2005). 

 Each simulated well pumps at a continuous rate of 442,080 gallons per day (gpd), or 
307 gpm, for a period of 14,600 consecutive days, or 40 years.  This equals the total 
annualized project demand of 4,950 af/yr (Sithe, 2005), or 3,070 gpm.  This rate 
remains unchanged from the previous model (URS, 2005).  Each well field (“Location 
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1” and “Location 2”) was run independently in the revised model to evaluate the 
impact at both locations separately. 

 A specified head boundary was set along the northern and southern model boundaries 
according to the potentiometric surface contour map compiled for the Morrison 
Aquifer (Figure 3)1.  This remains unchanged from the previous model (URS, 2005). 

 No boundaries were set along the western and eastern model boundaries to allow the 
model to create its own east-west flow gradient.  The previous model (URS, 2005) 
had set no flow boundaries along the western and eastern model to prevent an east-
west gradient influence on the model.  The updated boundary condition should allow 
for a more realistic simulation of groundwater flow in the modeled area. 

 The revised model does not simulate recharge from perennial flow along the reach of 
the Chaco River in the model area, due to a lack of stream flow gauge data.  This 
remains unchanged from the previous model (URS, 2005). 

5.2 MODEL PREDICTIONS  

Drawdown predictions following 20 years and 40 years of continuous pumping are graphically 

presented in Figures 16 through 19 for well field “Location 1” and “Location 2.”  The drawdown 

predictions for both locations are as follows: 

 

Proponent’s Preferred Alternative Water Well Field B, “Location 1” 

Based upon the input assumptions presented in Section 5.1, the maximum cumulative 20-year and 40-

year impact resulting from the annual projected withdrawal of 4,950 af/yr, or 3,070 gpm, for 

“Location 1” is predicted to be 1,425 and 1,520 feet, respectively (see Figures 16 and 17).  The 

maximum drawdown predicted occurs at the center of the simulated pumping wells and decreases with 

distance from the well centers.  The model-predicted 50-foot impact radius extends approximately 

4.25 and 6.0 miles, respectively, from the center of the simulated well field (see Figures16 and 17).  

According to available well set data, there are no water production wells located within the model- 

predicted 50-foot drawdown contour.  The model-predicted drawdown presented in Figures 16 and 17 

represents the decline in the potentiometric surface, relative from the land surface.   

 

                                                 
1 Regional groundwater declines in the Morrison aquifer were not factored into the specified head boundaries 
due to insufficient water level data in the study area. 
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Proponent’s Preferred Alternative Water Well Field B, “Location 2” 

Based upon the input assumptions presented in Section 5.1, the maximum cumulative 20-year and 40-

year impact resulting from the annual projected withdrawal of 4,950 af/yr, or 3,070 gpm, for 

“Location 2” is predicted to be 1,540 and 1,655 feet, respectively (see Figures 18 and 19).  The 

maximum drawdown predicted occurs at the center of the simulated pumping wells and decreases with 

distance from the well centers.  The model-predicted 50-foot impact radius extends approximately 

4.0 and 6.1 miles, respectively, from the center of the simulated well field (see Figures18 and 19). 

According to available well set data, there are no water production wells located within the model- 

predicted 50-foot drawdown contour.  The model-predicted drawdown presented in Figures 18 and 19 

represents the decline in the potentiometric surface relative from the land surface. 
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6.0 CONCLUSIONS 

Our conclusions from this revised well impact study are as follows: 

1. Given the assumptions presented herein, our revised modeling analyses predicts a 
maximum decline in potentiometric surface of 1,655 feet (at Well Field B, “Location 
2”) after 40 years of continuous pumping at the Desert Rock Power Plant’s estimated 
demand requirements (4,950 af/yr, or 3,070 gpm).   

 

Because groundwater occurs under confined conditions, resulting in artesian flow from wells, and the 

depth to the Morrison Formation is approximately 4,500 feet in both of the modeled well field areas 

(Well Field B, “Location 1” and “Location 2”) (Figure 8), a decline in potentiometric surface of 

1,655 feet bgs is unlikely to de-water the Morrison Formation. 

 

2. Assuming the modeling simulations are representative of actual subsurface 

conditions, the results of our modeling analysis would indicate that sufficient local 

groundwater resources are available from the Morrison Aquifer (at the modeled 

locations) to meet the projected withdrawal demands for the proposed Desert Rock 

Power Plant for the next 40 years. 

 

The revised model, consistent with the previous version (URS, 2005), incorporates conservative 

aquifer parameters, thus representing what we believe should represent a worst-case scenario.  Our 

revised analysis also simulates more realistic subsurface conditions than the previous model (URS, 

2005) by contouring the major geologic units in the study area using available oil/gas well test data 

(see Appendix A), and by simulating more realistic groundwater flow boundary conditions.  In 

addition, the revised model includes the addition of one new model layer (Layer 2, which represents 

the Dakota Sandstone).  This new model layer is of significance because the Dakota Sandstone 

contributes water production to many of the surrounding NNDWR wells (see Table 5). 

3. The revised model predicts that there should be no loss greater than 50 feet in the 
potentiometric surface to existing water production wells in the study area (wells 
included in Figure 1) after 40 years of continuous pumping from either one of the 
simulated well fields at the Desert Rock Power Plant’s estimated demand 
requirements (4,950 af/yr, or 3,070 gpm). 
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7.0 RECOMMENDATIONS 

Based upon the results of this revised well impact study, Miller Brooks makes the following 

recommendations: 

 

1. Due to the limited aquifer test data from wells screened solely in the Morrison 

Aquifer in the vicinity of the simulated well fields, Miller Brooks recommends 

drilling and constructing one large-diameter production well and at a minimum, one 

adjacent smaller diameter monitor well.  Testing would include evaluating local 

lithology (drill cuttings and geophysical logging) to identify the most productive 

zones (i.e., secondary flow from fracture zones), long-term aquifer production 

potentials (from aquifer testing data), and zonal water quality of varying formations 

(from zonal sampling).  The preferred location for well test drilling was previously 

identified as Proponent’s Preferred Alternative Water Well Field B, “Location 1” 

(Miller Brooks, 2006). 

 

2. The test data obtained from the drilling and testing of the new production well and 

monitor well should be used to further refine the modeling analysis.  In addition to 

modifying aquifer parameters, wells may be added, removed, repositioned, or 

modified (i.e., pump rates, screen interval, etc.) in the model.  Predictions from the 

revised model would be more indicative of potentiometric surface drawdown of the 

Morrison Aquifer than the previous modeling analysis suggests. 

 

3. Water quality data from the current seeps and springs (sampling is currently 

underway by URS and others) should be compared to available water quality data 

from the Morrison Formation to determine if there is a geochemical connect or 

disconnect between spring water and water derived from the Morrison Formation.  

These data will help determine whether or not there is a hydrologic connection 

between surface water (seeps and springs) and water derived from the Morrison 

Formation in the study area. 
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Table 1
Well Inventory - Navajo Nation Department of Water Resources 

Desert Rock Energy Project
New Mexico

MAP WELL NO. WELL ID OPERATOR USE FINISH DATE

TOTAL WELL 
DEPTH        
(feet)

DEPTH TO 
WATER      

(feet bgs)

CASING 
DIAMETER 1 

(inches)
DEPTH     
(ft bgs)

CASING 
DIAMETER 2 

(inches)
DEPTH     
(ft bgs)

CASING 
DIAMETER 3 

(inches)
DEPTH     
(ft bgs)

CASING 
DIAMETER 4 

(inches)
DEPTH     
(ft bgs)

DEPTH 
INTERVAL      (ft 

bgs) WELL CASING

DEPTH 
INTERVAL      

(ft bgs) WELL CASING

DEPTH 
INTERVAL     (ft 

bgs) WELL CASING

DEPTH 
INTERVAL      

(ft bgs) WELL CASING

DEPTH 
INTERVAL      

(ft bgs) WELL CASING

12K-300A 12K-300A UNKNOWN UNK Sep-28 2170 N/A 12.50 0-92 10.00 0-503 8.25 0-1270 6.63 0-1693 1492-1529 Screen 1574-1668 Screen 1693-1717 Blank

12K-309 12K-309 UNKNOWN UNK Sep-40 1640 N/A 8.25 0-40 7.00 40-829 5.00 829-1456 4.00 1456-1570 1570-1640 Blank

12K-320 12K-320 TRIBE O&M DOM Aug-60 1992 ART 10.00 0-826 8.62 826-1340 6.62 1332-1400 6.62 1349-1800 1745-1992 Screen

12K-357 12K-357 TRIBE O&M LIV Jul-57 1464 ART 9.63 0-909 13.75 0-60.5 909-1464 Blank

12R-84 12R-84 TRIBE O&M DOM N/A 1430 75 2.00 N/A 8.00 0-1136 1136-1430 Blank

12T-508 12T-508 TRIBE O&M DOM Jul-59 1172 ART 8.63 0-950 10.00 0-212 950-1172 Blank

12T-511 12T-511 UNKNOWN LIV Oct-59 4274 ART 4.50 0-2000 773-779 Screen 903-909 Screen 1680-1686 Screen 1699-1711 Screen 1781-1799 Screen

12T-519 12T-519 TRIBE O&M LIV Oct-60 1287 N/A 8.62 0-271 7.50 270-1035 1035-1287 Blank

12T-520 12T-520 TRIBE O&M DOM Feb-61 1850 ART 16.00 0-46 12.00 0-530 9.62 0-1339 7.00 844-1482 1482-1777 Blank

12T-548 12T-548 TRIBE O&M LIV Mar-27 2013 ART 6.62 0-1062 5.19 1062-1733 1733-2013 Blank

12T-551 12T-551 TRIBE O&M LIV Jul-63 7833 ART 9.62 0-1637 1637-1950 Blank

12T-587 12T-587 NTUA DOM Feb-67 1140 N/A 8.62 0-1140 782-821 Screen 840-850 Screen 900-940 Screen 1080-1090 Screen 1114-1128 Screen

12T-618 12T-618 NTUA DOM May-05 1440 N/A 8.62 N/A

12T-618A 12T-618A TRIBE O&M LIV Jan-81 1447 ART 16.00 0-67 12.62 0-742 8.62 790-1447 720-740 Screen 800-940 Screen 1040-1060 Screen 1180-1210 Screen 1250-1320 Screen

12T-620 12T-620 TRIBE O&M LIV Sep-77 2034 ART 2.38 0-1200   1200-2034 Blank

12T-628 12T-628 TRIBE O&M DOM Dec-78 2597 ART 8.62 0-109 2.38 109-1827   1827-2597 Blank

12T-629 12T-629 TRIBE O&M LIV Nov-77 2520 ART 2.38 0-1764   1764-2511 Blank

12T-630 12T-630 TRIBE O&M LIV Nov-77 2300 ART 2.38 0-1512   1512-2300 Blank  

12T-632 12T-632 TRIBE O&M LIV Oct-77 2518 ART 6.63 0-200 2.00 0-1750   1743-2518 Blank

12T-633 12T-633 NTUA MUN Oct-77 2125 ART 2.38 0-1512 6.62 0-17 1512-2125 Blank

12T-634 12T-634 TRIBE O&M DOM Nov-77 1908 ART 6.62 0-200 2.37 0-1407   1407-1908 Blank

12T-635 12T-635 TRIBE O&M LIV Oct-77 2108 N/A 6.62 0-35 2.37 35-1176 1176-2108 Blank

12T-640 12T-640 TRIBE O&M LIV Dec-77 2349 N/A 2.00 0-1491 6.25 0-120 1491-2349 Blank

12T-643 12T-643 TRIBE O&M DOM Jul-78 1632 N/A 2.37 0-1323 6.60 2-101 1323-1632 Blank

12T-644 12T-644 TRIBE O&M LIV Jul-78 1912 0 2.00 0-1386 1386-1912 Blank

12T-646 12T-646 TRIBE O&M UNK Jul-78 1748 N/A 2.38 0-1281 6.62 0-79 1281-1748 Blank

12T-647 12T-647 TRIBE O&M LIV Aug-78 1912 46 2.37 0-1407 6.88 0-85 1407-1912 Blank

12T-649 12T-649 TRIBE O&M LIV Aug-78 2047 N/A 2.75 0-1595 6.62 0-96 1575-2047 Blank

12T-651 12T-651 TRIBE O&M LIV Aug-78 1691 N/A 6.62 0-96 2.37 96-1281 1281-1691 Blank

12T-654 12T-654 TRIBE O&M UNK Sep-78 1656 0 2.38 0-1302 6.63 0-92 1302-1656 Blank

12T-703 12T-703 TRIBE O&M LIV N/A 1940 N/A N/A 0-1940 180-460 Screen 830-940 Screen 1140-1400 Screen 1520-1940 Screen

13K-207 13K-207 TRIBE O&M LIV Sep-52 1165 429 6.00 0-885 885-1120 Blank

13P-522 13P-522 TRIBE O&M DOM Aug-73 5250 N/A 20.00 0-100 5.50 0-5000 5000-5250 Blank

13T-514 13T-514 TRIBE O&M DOM Oct-68 1368 263 6.62 0-1337 10.75 0-42 450-460 Screen 484-498 Screen 660-666 Screen 1040-1042 Screen 1337-1368 Blank

BRNHM WSW1 BRNHM WSW1 EPNG LIV Aug-73 5250 702 20.00 0-100 5.50 0-5000 5000-5250 Blank

Data Source:  Navajo Nation Department of Water Resource, Water Management Branch Well Database-April 2005

Table adapted from the Final Well Impact Report (URS, 2005)

Abbreviations: Use Codes:
ART = Artesian (flow encountered above ground surface) DOM Domestic
ft bgs = feet below ground surface LIV Livestock
N/A = Not Available MUN Municipal



Table 2
Well Inventory - U.S. Department of the Interior 

Desert Rock Energy Project, New Mexico

MAP WELL NO. WELL ID
OPERATO

R USE TWS RNG SEC Q Q2 Q3 FINISH DATE
TOTAL WELL 

DEPTH (ft bgs)

DEPTH TO 
Morrison      
(ft bgs)

Thickness of 
Morrison (ft)

9241 I-149-Ind-9241 N/A EXP 25N 15W 28 3/23/1955 10020 4540 938
9239 I-149-Ind-9239 N/A EXP 25N 16W 4 6/12/1957 10100 4703 929
6375 14-20-0603-6375 N/A EXP 28N 16W 27 9/7/1961 3956 NE NE
2023 14-20-0603-2203 N/A EXP 29N 15W 18 11/27/1963 11133 4838 874
512 14-20-603-512 N/A EXP 26N 19W 30 1/15/1957 7136 910 1062
8103 14-20-0603-8103 N/A EXP 26N 18W 27 6/5/1974 6355 970 1030
2070 14-20-603-2070 N/A EXP 26N 17W 11 12/22/1957 4830 4750 UTC
736 14-20-603-736 N/A EXP 26N 15W 14 11/16/1956 5388 5386 UTC
741 14-20-603-741 N/A EXP 26N 14W 34 11/23/1962 11282 5938 924
7267 14-20-0603-7267 N/A EXP 28N 19W 27 7/27/1963 7715 1215 857
1043 14-20-603-1043 N/A EXP 28N 17W 27 12/21/1956 1690 1677 UTC
6367 14-20-603-6367 N/A EXP 27N 16W 9 1/17/1962 4737 NE NE
2203 14-20-603-2203 N/A EXP 27N 14W 4 11/27/1961 5887 5835 UTC
8461 I-149-Ind-8461 N/A EXP 28N 17W 34 10/18/1955 1692 1672 UTC
57 I-89-Ind-57 N/A EXP 27N 17W 3 11/29/1961 7114 1552 1063
58 I-89-Ind-58 N/A EXP 29N 16W 19 6/16/1958 7036 960 1055

8185 I-149-Ind-8185 N/A EXP 29N 17W 12 9/15/1954 7215 1088 1047
5035 14-20-603-5035 N/A EXP 26N 18W 17 12/26/1963 6694 993 952
5019 14-60-603-5019 N/A EXP 26N 18W 9 6/22/1966 6500 1075 1025
5263 14-20-603-5263 N/A EXP 26N 16W 36 8/7/1963 4820 4808 UTC
2165 14-20-603-2165 N/A EXP 24N 17W 1 5/21/1962 4335 4308 UTC
2079 14-20-603-2079 N/A EXP 27N 15W 12 5/17/1962 5020 NE NE
6378 14-20-603-6378 N/A EXP 28N 16W 13 4/16/1964 4360 NE NE
2013 14-20-603-2013 N/A EXP 28N 15W 23 7/27/1962 4716 NE NE
2206 14-20-603-2206 N/A EXP 28N 14W 22 6/9/1959 5904 5884 UTC
2024 14-20-603-2024 N/A EXP 29N 16W 23 10/13/1964 4212 4160 UTC
5024 14-20-603-5024 N/A EXP 29N 17W 31 6/12/1980 7300 1546 1068
2173 14-20-603-2173 N/A EXP 24N 14W 6 10/14/1957 5311 5243 UTC
6723 I-149-Ind-6723 N/A EXP 29N 17W 25 8/10/1956 7300 1225 1073
2202 14-20-603-2202 N/A EXP 24N 17W 5 3/1/1959 3815 NE NE
744 14-20-603-744 N/A EXP 25N 14W 3 4/22/1960 5913 5908 UTC

Data Source:  New Mexico Energy, Minerals, and Natural Resources Department OCD Image Database, 2006. 
Note: Duplicate wells, and wells with no completion date or a completion depth are excluded from this table and the well location map.
Table adapted from the Final Well Impact Report  (URS, 2005)

Footnotes: Use Codes:
ft bgs = feet below ground surface EXP Exploration Wells
NE = Not Encountered
UTC = Unable to Calculate
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Table 3
Well Inventory - New Mexico Office of the State Engineer 

Desert Rock Energy Project, New Mexico

MAP WELL NO. WELL ID OPERATOR USE TWS RNG SEC Q Q2 Q3 FINISH DATE
TOTAL WELL 

DEPTH (ft bgs)

DEPTH TO 
WATER       
(ft bgs)

1 SJ  00027 N/A NOT 29N 15W 1 1 2 3 10/17/1950 1005 ART
17 SJ  00226 N/A DOM 29N 14W 7 1 1 3 5/20/1977 100 50
19 SJ  00248 N/A DOM 29N 16W 4 3 4 3 4/23/1977 35 10
21 SJ  00257 N/A DOM 29N 16W 3 2 2 3 4/25/1978 32 20
22 SJ  00258 N/A SAN 29N 16W 3 2 2 4 4/26/1978 34 20
23 SJ  00264 N/A STK 29N 16W 9 0 0 5/2/1977 35 10
24 SJ  00291 N/A DOM 29N 15W 12 2 1 8/11/1977 0 110
27 SJ  00357 N/A DOM 29N 16W 4 4 2 2 6/22/1977 45 29
29 SJ  00373 N/A DOM 29N 16W 4 2 0 6/25/1977 55 30
30 SJ  00376 N/A DOM 29N 14W 8 4 4 4 8/19/1977 80 50
31 SJ  00417 N/A DOM 29N 14W 17 2 3 1 8/4/1977 38 7
32 SJ  00418 N/A DOM 29N 14W 17 2 3 1 8/11/1977 35 7
33 SJ  00437 N/A DOM 26N 18W 10 2 1 1 8/18/1977 2063 ART
34 SJ  00451 N/A DOM 29N 14W 7 4 1 3 9/7/1977 39 24
35 SJ  00465 N/A DOM 26N 18W 35 3 1 3 9/8/1977 2034 ART
37 SJ  00477 N/A STK 25N 18W 7 2 1 2 9/16/1977 2125 ART
39 SJ  00521 N/A STK 29N 17W 21 1 4 2 11/2/1977 2300 ART
41 SJ  00522 N/A STK 29N 17W 23 3 1 2 11/3/1977 2520 ART
46 SJ  00754 N/A STK 26N 18W 4 3 2 2 7/26/1978 1748 ART
48 SJ  00778 N/A STK 26N 18W 33 3 1 1 8/3/1978 1912 ART
49 SJ  00780 N/A STK 26N 18W 19 3 4 4 8/3/1978 2047 ART
50 SJ  00781 N/A STK 26N 18W 14 3 1 1 8/7/1978 1728 ART
52 SJ  00782 N/A STK 25N 18W 17 3 1 1 8/8/1978 1691 ART
54 SJ  00783 N/A STK 26N 18W 14 3 4 4 8/5/1978 2211 ART
56 SJ  00788 N/A DOM 29N 14W 8 4 4 5/2/1979 100 70
57 SJ  00793 N/A STK 26N 18W 5 4 3 2 9/4/1978 1656 ART
59 SJ  00815 N/A MON 30N 15W 27 4 3 3 10/17/1978 231 ART
60 SJ  00815 N/A MON 30N 15W 22 3 3 4 10/14/1978 240 ART
71 SJ  00846 N/A MON 25N 15W 28 2 1 4/11/1979 593 50
72 SJ  00846 N/A MON 25N 15W 28 2 1 4/26/1979 593 50
73 SJ  00861 N/A DOM 29N 16W 2 1 2 3/31/1947 21 10
74 SJ  00862 N/A DOM 29N 16W 2 1 1 2/28/1970 257 25
75 SJ  00863 N/A DOM 30N 16W 36 3 3 5/31/1945 45 35
76 SJ  00864 N/A DOM 29N 16W 2 1 2 3/31/1974 21 10
77 SJ  00865 N/A DOM 29N 16W 2 1 1 8/31/1960 45 30
78 SJ  00866 N/A IRR 30N 16W 36 3 1 3/31/1974 90 60
79 SJ  00876 N/A DOM 30N 16W 35 2 4 6/30/1979 77 57
82 SJ  00931 N/A DOM 29N 15W 4 3 4 4/25/1979 44 22
84 SJ  00944 N/A DOM 30N 14W 3 1 3 6/6/1979 61 5
85 SJ  00947 N/A DOM 29N 14W 8 0 0 5/18/1979 370 275
97 SJ  01016 N/A DOM 29N 15W 11 3 4 7/22/1979 25 4
98 SJ  01034 N/A DOM 29N 14W 18 2 2 1 11/12/1979 28 16

100 SJ  01136 N/A DOM 29N 15W 12 2 2 3/26/1980 150 40
102 SJ  01223 N/A DOM 29N 15W 13 2 4 7/21/1980 30 12
103 SJ  01237 N/A DOM 29N 15W 6 4 1 4 8/7/1980 30 14
106 SJ  01259 N/A DOM 29N 14W 17 1 0 9/9/1980 31 3
107 SJ  01266 N/A STK 26N 18W 15 3 2 2 8/25/1980 N/A N/A
111 SJ  01407 N/A DOM 29N 14W 6 3 3 3 7/5/1981 70 52
112 SJ  01568 N/A DOM 29N 14W 7 1 1 5/24/1982 72 30
113 SJ  01569 N/A SAN 29N 15W 11 1 2 5/27/1982 60 45
117 SJ  01883 N/A DOM 29N 14W 6 2 3 9/5/1984 75 30
119 SJ  02010 N/A DOM 29N 15W 11 1 3 11/9/1985 25 9
122 SJ  02036 N/A DOM 29N 14W 7 4 0 4/22/1986 62 15
123 SJ  02055 N/A DOM 29N 14W 5 1 1 5/12/1987 150 90
125 SJ  02063 N/A DOM 29N 15W 11 1 3 6/17/1986 26 ART
126 SJ  02071 N/A DOM 29N 15W 12 1 1 2 10/30/1986 51 32
129 SJ  02081 N/A DOM 29N 15W 12 1 1 2 11/11/1986 42 30
130 SJ  02143 N/A DOM 29N 14W 17 1 2 4 1/29/1988 36 26
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Table 3
Well Inventory - New Mexico Office of the State Engineer 

Desert Rock Energy Project, New Mexico

MAP WELL NO. WELL ID OPERATOR USE TWS RNG SEC Q Q2 Q3 FINISH DATE
TOTAL WELL 

DEPTH (ft bgs)

DEPTH TO 
WATER       
(ft bgs)

131 SJ  02165 N/A DOM 29N 15W 11 1 1 1 3/5/1988 40 25
136 SJ  02375 N/A DOM 29N 15W 12 3 2 1/18/1993 38 8
137 SJ  02392 N/A PUB 30N 16W 35 2 4 8/10/1992 133 ART
138 SJ  02639 N/A DOM 29N 14W 7 3 3 4 6/14/1995 18 6
141 SJ  02790 N/A DOM 29N 14W 18 2 2 4 N/A 40 ART
142 SJ  02927 N/A DOM 29N 14W 6 2 3 2 5/3/1999 150 ART
143 SJ  02976 N/A DOM 29N 15W 11 3 2 3 1/24/2000 29 8
144 SJ  02999 N/A DOM 29N 14W 17 1 4 1 8/22/2000 42 28
145 SJ  03012 N/A DOM 29N 16W 2 1 4 1 6/22/2000 27 12
146 SJ  03015 N/A DOM 30N 16W 35 4 3 4 6/22/2000 43 17
147 SJ  03074 N/A DOM 29N 14W 9 1 3 1 N/A 70 ART
148 SJ  03139 N/A DOM 29N 16W 1 1 4 2 N/A 45 ART
149 SJ  03232 N/A DOM 30N 16W 35 4 3 2 N/A 40 ART

Data Source:  New Mexico Office of the State Engineer, Water Administration and Technical Engineering Resource 
System (W.A.T.E.R.S.) GIS Database, updated 3/17/03
Note: Duplicate wells, and wells with no completion date or a completion depth are excluded from this table and the well location map.
Table adapted from the Final Well Impact Report  (URS, 2005)

Footnotes: Use Codes:
ART = Artesian (flow encountered above ground surface) DOM Domestic one household
ft bgs = feet below ground surface IRR Irrigation
N/A = Not Available MON Monitoring well

NOT No use of right or pod
PUB Construction of public works
SAN Sanitary in conjuction with a commercial use
STK Livestock watering

2 of 2



Table 4
Geologic Units Summary for Water Wells Logged by the Navajo Nation Department of Water Resources 

(Used for Preparing Cross Section A-A’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

DAKOTA SANDSTONE 1080 1210 130 S

MORRISON SANDSTONE/SHALE 1210 1717 507 P

MANCOS SHALE 0 662 662 N

GALLUP SANDSTONE 662 698 36 N

MANCOS SHALE 698 1502 804 N

DAKOTA SANDSTONE/SHALE 1502 NR ?? P

MANCOS SHALE 0 460 460 N

GALLUP SANDSTONE 460 540 80 N

MANCOS SHALE 540 1300 760 N

DAKOTA SANDSTONE/SHALE 1300 1470 170 S

BRUSHY BASIN SANDSTONE/SHALE 1470 1530 60 P

MORRISON SANDSTONE/SHALE 1530 1985 455 P

BLUFF SANDSTONE 1985 NR ?? N

12K-357 DAKOTA SANDSTONE 1370 NR  P NE NE

DAKOTA SANDSTONE 880 1130 250 U

MORRISON SANDSTONE/SHALE 1130 NR ?? U

MANCOS SHALE 20 100 80 N

GALLUP SANDSTONE 100 185 85 N

MANCOS 185 955 770 N

DAKOTA SANDSTONE 955 1114 159 P

BRUSHY BASIN SANDSTONE/SHALE 1114 NR ?? S

>507

NE

>515

UTC

UTC

NE

NE

NE

NE

NE

12K-309

12K-300A

12T-508

12R-84

12K-320

See page 8 for Explanations 1 of 8



Table 4
Geologic Units Summary for Water Wells Logged by the Navajo Nation Department of Water Resources 

(Used for Preparing Cross Section A-A’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

ALLUVIUM SAND/GRAVEL 0 20 20 N

MENEFEE SANDSTONE/SHALE 20 2006 1986 P

POINT LOOKOUT SANDSTONE/SHALE 2006 2275 269 N

MANCOS UPPER SHALE 2275 3175 900 N

GALLUP SANDSTONE 3175 3382 207 N

MANCOS LOWER SHALE 3382 4112 730 N

DAKOTA SANDSTONE/SHALE 4112 NR ?? N

DAKOTA SANDSTONE 1025 1255 230 P

MORRISON SANDSTONE/SHALE 1255 NR ?? S

ALLUVIUM SAND/GRAVEL 0 30 30 N

MANCOS UPPER SHALE 30 248 218 N

GALLUP SANDSTONE 248 330 82 N

MANCOS LOWER SHALE 330 895 565 N

SHALE 895 1015 120 N

DAKOTA SANDSTONE/SHALE 1015 1180 165 N

BRUSHY BASIN MUDSTONE 1180 1342 162 N

WESTWATER CANYON SANDSTONE 1342 1485 143 S

RECAPTURE SILTSTONE 1485 1610 125 S

SALTWASH SILTSTONE 1610 1760 150 P

BLUFF SANDSTONE 1760 1795 35 U

SUMMERVILLE SANDSTONE/SHALE 1795 NR ?? N

MANCOS SHALE 710 821 111 N

NE

UTC

615

NE

NE

143

12T-511

12T-520

12T-519

See page 8 for Explanations 2 of 8



Table 4
Geologic Units Summary for Water Wells Logged by the Navajo Nation Department of Water Resources 

(Used for Preparing Cross Section A-A’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

DAKOTA SANDSTONE 821 1024 203 P

MORRISON SANDSTONE/SHALE 1024 NR ?? P

MANCOS SHALE 0 1410 1410 N

DAKOTA SANDSTONE 1410 1580 170 N

BRUSHY BASIN SANDSTONE/SHALE 1580 1785 205 N

WESTWATER CANYON SANDSTONE 1785 2083 298 P

RECAPTURE SILTSTONE 2083 NR ?? N

MENEFEE SANDSTONE/SHALE 0 1052 1052 P

POINT LOOKOUT SANDSTONE/SHALE 1052 NR ?? S

MENEFEE SANDSTONE/SHALE 0 1274 1274 S

POINT LOOKOUT SANDSTONE/SHALE 1274 NR ?? P

MANCOS SHALE 5 800 795 N

DAKOTA SANDSTONE/SHALE 800 1040 240 N

BRUSHY BASIN SANDSTONE/SHALE 1040 1175 135 N

WESTWATER CANYON SANDSTONE 1175 1390 215 P

RECAPTURE SANDSTONE/SHALE 1390 1960 570 S >920

UTC

>503

NE

NE

215

NE

298

NE

NE

12T-548

12T-551

12T-587

12T-618A

12T-620

See page 8 for Explanations 3 of 8



Table 4
Geologic Units Summary for Water Wells Logged by the Navajo Nation Department of Water Resources 

(Used for Preparing Cross Section A-A’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

MANCOS UPPER SHALE 0 615 615 N

GALLUP SANDSTONE/SHALE 615 785 170 N

MANCOS LOWER SHALE 785 1460 675 N

DAKOTA SANDSTONE/SHALE 1460 1605 145 N

BRUSHY BASIN SANDSTONE/SHALE 1605 1810 205 N

WESTWATER CANYON SANDSTONE 1810 2150 340 P

RECAPTURE SANDSTONE/SHALE 2150 NR ?? S

MANCOS UPPER SHALE 0 460 460 N

GALLUP SANDSTONE/SHALE 460 720 260 N

MANCOS LOWER SHALE 720 1290 570 N

DAKOTA SANDSTONE/SHALE 1290 1508 218 N

BRUSHY BASIN SANDSTONE/SHALE 1508 1710 202 S

WESTWATER CANYON SANDSTONE 1710 1928 218 P

RECAPTURE SANDSTONE/SHALE 1928 NR ?? S

>545

>420

340

218

12T-628

12T-629
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Table 4
Geologic Units Summary for Water Wells Logged by the Navajo Nation Department of Water Resources 

(Used for Preparing Cross Section A-A’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

MANCOS UPPER SHALE 0 250 250 N

GALLUP SANDSTONE/SHALE 250 470 220 N

MANCOS LOWER SHALE 470 1070 600 N

DAKOTA SANDSTONE 1070 1330 260 N

BRUSHY BASIN SANDSTONE/SHALE 1330 1478 148 N

WESTWATER CANYON SANDSTONE 1478 1745 267 S

RECAPTURE SANDSTONE/SHALE 1745 2124 379 S

SALTWASH SANDSTONE/SHALE 2124 2222 98 S

BLUFF SANDSTONE 2222 NR ?? S

MANCOS UPPER SHALE 0 418 418 N

GALLUP SANDSTONE 418 570 152 N

MANCOS LOWER SHALE 570 1370 800 N

DAKOTA SANDSTONE 1370 1546 176 N

BRUSHY BASIN SANDSTONE/SHALE 1546 1890 344 S

WESTWATER CANYON SANDSTONE 1890 2100 210 P

RECAPTURE SANDSTONE/SHALE 2100 2443 343 S

BLUFF SANDSTONE 2443 NR ?? U >897

>892

210

267

12T-630

12T-632

See page 8 for Explanations 5 of 8



Table 4
Geologic Units Summary for Water Wells Logged by the Navajo Nation Department of Water Resources 

(Used for Preparing Cross Section A-A’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

GALLUP SANDSTONE 0 59 59 N

MANCOS LOWER SHALE 59 895 836 N

DAKOTA SANDSTONE 895 1080 185 N

BRUSHY BASIN SANDSTONE/SHALE 1080 1270 190 S

WESTWATER CANYON SANDSTONE 1270 1547 277 P

RECAPTURE SANDSTONE/SHALE 1547 1930 383 S

BLUFF SANDSTONE 1930 NR ?? S

MANCOS LOWER SHALE 375 918 543 N

DAKOTA SANDSTONE 918 1030 112 N

BRUSHY BASIN SANDSTONE/SHALE 1030 1375 345 N

WESTWATER CANYON SANDSTONE 1375 1525 150 P

RECAPTURE SANDSTONE/SHALE 1525 NR ?? S

>850

>495

277

150

12T-633

12T-634

See page 8 for Explanations 6 of 8



Table 4
Geologic Units Summary for Water Wells Logged by the Navajo Nation Department of Water Resources 

(Used for Preparing Cross Section A-A’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

GALLUP SANDSTONE 335 440 105 N

MANCOS LOWER SHALE 440 905 465 N

DAKOTA SANDSTONE/SHALE 905 1085 180 N

BRUSHY BASIN SANDSTONE/SHALE 1085 1350 265 S

WESTWATER CANYON SANDSTONE 1350 1670 320 P

RECAPTURE SANDSTONE/SHALE 1670 1955 285 S

SUMMERVILLE SANDSTONE/SHALE 1955 NR ?? S

12T-640 MORRISON SANDSTONE/SHALE 1487 NR ?? P UTC NE

MANCOS LOWER SHALE 0 840 840 N

DAKOTA SANDSTONE 840 1040 200 N

MORRISON SANDSTONE/SHALE 1065 NR ?? P

WESTWATER CANYON SANDSTONE 1345 1618 273 P

12T-647 MORRISON SANDSTONE/SHALE 1323 NR ?? P UTC NE

MANCOS SHALE 0 230 230 N

GALLUP SANDSTONE 230 450 220 N

MANCOS LOWER SHALE 450 1134 684 N

DAKOTA SANDSTONE 1134 1354 220 N

MORRISON SANDSTONE/SHALE 1354 NR ?? P

>553

UTC

870

273

NE

320

12T-643

12T-649

12T-635

See page 8 for Explanations 7 of 8



Table 4
Geologic Units Summary for Water Wells Logged by the Navajo Nation Department of Water Resources 

(Used for Preparing Cross Section A-A’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

Thickness of 
Westwater 

Canyon Member 
(feet)B

12T-651 MORRISON SANDSTONE/SHALE 1060 1691 631 P UTC NE

Data Source:  Navajo Nation Department of Water Resource, Water Management Branch Well Database-April 2005

Table adapted from the Final Well Impact Report  (URS, 2005)

Abbreviations: Footnotes:

NR = Not Recorded AContribution to Well Production: P = Primary; S = Secondary; N = None

ft bgs = feet below ground surface BThickness of Morrison Formation: NE = Formation Not Encountered; UTC = Unable to calculate
CThickness of Westwater Canyon Membern: NE = Member Not Encountered; UTC = Unable to calculate

See page 8 for Explanations 8 of 8



Table 5
Geologic Units Summary for Oil and Gas Test Wells Logged by the United States Department of the Interior 

(Used for Preparing Cross Sections B-B’, C-C’, and D-D’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

LEWIS SHALE 0 100 100 N

CLIFFHOUSE SANDSTONE 100 540 440 N

MENEFEE SANDSTONE/SHALE 540 2348 1808 N

POINT LOOKOUT SANDSTONE 2348 2518 170 N

MANCOS SHALE 2518 3520 1002 N

GALLUP SANDSTONE 3520 3885 365 N

SANASTEE SANDSTONE/SHALE 3885 3962 77 N

LOWER MANCOS SHALE 3962 4220 258 N

GREENHORN LIMESTONE 4220 4282 62 N

GRANEROS SHALE 4282 4320 38 N

DAKOTA SANDSTONE 4320 4540 220 S

MORRISON SANDSTONE/SHALE 4540 5478 938 P
TODILITO LIMESTONE 5478 5496 18 N

ENTRADA SANDSTONE 5496 5600 104 N

CHINLE SHALE 5600 6717 1117 N

SHINARUMP CONGLOMERATE 6717 6870 153 N

MOENKOPI 6870 7045 175 N

DECHELLY SANDSTONE 7045 7585 540 N

CUTLER 7585 8750 1165 N

RICE 8750 8950 200 N

HERMOSA 8950 9625 675 N

MOLAS 9625 9686 61 N

LEADVILLE LIMESTONE 9686 9776 90 N
ELBERT 9776 10020 244 N

9241

938

See page 8 for Explanations 1 of 8



Table 5
Geologic Units Summary for Oil and Gas Test Wells Logged by the United States Department of the Interior 

(Used for Preparing Cross Sections B-B’, C-C’, and D-D’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

FRUITLAND SHALE 0 ?? ?? N

PICTURED CLIFFS SANDSTONE ?? ?? ?? N

CLIFFHOUSE SANDSTONE ?? ?? ?? N

MENEFEE SANDSTONE/SHALE ?? 2517 ?? N

POINT LOOKOUT SANDSTONE 2517 2667 150 N

MANCOS SHALE 2667 4367 1700 N

GREENHORN LIMESTONE 4367 4470 103 N

DAKOTA SANDSTONE 4470 4703 233 S

MORRISON SANDSTONE/SHALE 4703 5632 929 P
TODILITO LIMESTONE 5632 5650 18 N

ENTRADA SANDSTONE 5650 5820 170 N

WINGATE SANDSTONE 5820 6280 460 N

CHINLE SHALE 6180 7064 884 N

SHINARUMP 7064 7162 98 N

MOENKOPI 7162 7180 18 N

DECHELLY SANDSTONE 7180 7663 483 N

CUTLER 7663 8860 1197 N

HERMOSA 8860 9846 986 N

MOLAS 9846 9990 144 N
LEADVILLE LIMESTONE 9990 10100 110 N

SHALE 0 493 493 N

MESA VERDE GROUP SANDSTONE/SHALE 493 2522 2029 N

MANCOS SHALE 2522 3626 1104 N

GALLUP SANDSTONE/SHALE 3626 3785 159 N
SANASTEE SANDSTONE 3785 > 3956 >171 N

9239

929

6375

NE

See page 8 for Explanations 2 of 8



Table 5
Geologic Units Summary for Oil and Gas Test Wells Logged by the United States Department of the Interior 

(Used for Preparing Cross Sections B-B’, C-C’, and D-D’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

MENEFEE SANDSTONE/SHALE 1522 2510 988 N

POINT LOOKOUT SANDSTONE 2510 2858 348 N

MANCOS SHALE 2858 3787 929 N

GALLUP SANDSTONE 3787 4192 405 N

SANASTEE 4192 4666 474 N

DAKOTA SANDSTONE 4666 4838 172 S

MORRISON SANDSTONE/SHALE 4838 5712 874 P
SUMMERVILLE 5712 5825 113 N

ENTRADA SANDSTONE 5825 5953 128 N

WINGATE SANDSTONE 5953 6270 317 N

CHINLE SHALE 6270 7153 883 N

MOENKOPI 7153 7304 151 N

DECHELLY SANDSTONE 7304 7740 436 N

ORGAN ROCK 7740 9058 1318 N

HERMOSA 9058 9810 752 N

PARADOX 9810 10640 830 N

MOLAS 10640 10750 110 N

LEADVILLE LIMESTONE 10750 10904 154 N

OURAY LIMESTONE 10904 10946 42 N

ELBERT 10946 11060 114 N

MCCRACKEN 11060 11133 73 N
GRANITE WASH 11133 ?? ?? N

2023

874

See page 8 for Explanations 3 of 8



Table 5
Geologic Units Summary for Oil and Gas Test Wells Logged by the United States Department of the Interior 

(Used for Preparing Cross Sections B-B’, C-C’, and D-D’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

DAKOTA SANDSTONE 748 910 162 S

MORRISON SANDSTONE/SHALE 910 1992 1082 P

TODILITO LIMESTONE 1992 2018 26 N

ENTRADA SANDSTONE 2018 2754 736 N

CHINLE SHALE 2754 3772 1018 N

COCONINO SANDSTONE 3772 5560 1788 N

HERMOSA 5560 6409 849 N

MOLAS 6409 6463 54 N

LEADVILLE LIMESTONE 6463 6762 299 N

DAKOTA SANDSTONE 748 970 222 S

MORRISON SANDSTONE/SHALE 970 2000 1030 P

TODILITO LIMESTONE 2000 2021 21 N

ENTRADA SANDSTONE 2021 ?? ?? N

DECHELLY SANDSTONE 3673 4293 620 N

ORGAN ROCK 4293 5450 1157 N

HONAKER TRAIL 5450 5897 447 N

ISMAY 5897 6007 110 N

DESERT CREEK 6007 6103 96 N

AKAH 6103 6178 75 N

BARKER CREEK 6178 ?? ?? N

512

1082

8103

1030

See page 8 for Explanations 4 of 8



Table 5
Geologic Units Summary for Oil and Gas Test Wells Logged by the United States Department of the Interior 

(Used for Preparing Cross Sections B-B’, C-C’, and D-D’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

MESA VERDE GROUP SANDSTONE/SHALE 0 2672 2672 N

UPPER MANCOS SHALE 2672 3601 929 N

GALLUP SANDSTONE 3601 3800 199 N

MIDDLE MANCOS SHALE 3800 4021 221 N

SANASTEE SANDSTONE/SHALE 4021 4061 40 N

LOWER MANCOS SHALE 4061 4433 372 N

GREENHORN LIMESTONE 4433 4490 57 N

GRANEROS SHALE 4490 4532 42 N

DAKOTA SANDSTONE 4532 4750 218 S

MORRISON SANDSTONE/SHALE 4750 > 4830 > 80 P

PICTURED CLIFFS SANDSTONE 704 820 116 N

LEWIS SHALE 820 1000 180 N

CLIFFHOUSE/MENEFEE SANDSTONE/SHALE 1000 3180 2180 N

POINT LOOKOUT SANDSTONE 3180 3330 150 N

MANCOS SHALE 3330 4264 934 N

GALLUP SANDSTONE 4264 4658 394 N

SANASTEE SANDSTONE/SHALE 4658 5122 464 N

DAKOTA SANDSTONE 5122 5385 263 S

MORRISON SANDSTONE/SHALE 5386 5388 >2 P

2070

> 80

736

>2

See page 8 for Explanations 5 of 8



Table 5
Geologic Units Summary for Oil and Gas Test Wells Logged by the United States Department of the Interior 

(Used for Preparing Cross Sections B-B’, C-C’, and D-D’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

POINT LOOKOUT SANDSTONE 3678 3818 140 N

MANCOS SHALE 3818 4758 940 N

GALLUP SANDSTONE 4758 5178 420 N

SANASTEE SANDSTONE/SHALE 5178 5560 382 N

GREENHORN LIMESTONE 5560 5614 54 N

GRANEROS SHALE 5614 5646 32 N

DAKOTA SANDSTONE 5646 5938 292 S

MORRISON SANDSTONE/SHALE 5938 6862 924 P

TODILITO LIMESTONE 6862 6890 28 N

ENTRADA SANDSTONE 6890 7018 128 N

CHINLE SHALE 7018 8034 1016 N

SHINARUMP CONGLOMERATE 8034 8068 34 N

MOENKOPI 8068 8274 206 N

DECHELLY SANDSTONE 8274 8613 339 N

CEDAR MESA 8613 9848 1235 N

HERMOSA 9848 11055 1207 N

MOLAS 11055 11136 81 N

LEADVILLE LIMESTONE 11136 11250 114 N

IGNACIO QUARTZITE 11250 ?? ?? N 924

741

See page 8 for Explanations 6 of 8



Table 5
Geologic Units Summary for Oil and Gas Test Wells Logged by the United States Department of the Interior 

(Used for Preparing Cross Sections B-B’, C-C’, and D-D’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

UPPER MANCOS SHALE 0 200 200 N

GALLUP SANDSTONE 200 ?? ?? N

LOWER MANCOS SHALE ?? 952 ?? N

GREENHORN LIMESTONE 952 1020 68 N

GRANEROS SHALE 1020 1068 48 N

DAKOTA SANDSTONE 1068 1215 147 S

MORRISON SANDSTONE/SHALE 1215 2072 857 P

SUMMERVILLE 2072 2270 198 N

TODILITO LIMESTONE 2270 2287 17 N

ENTRADA SANDSTONE 2287 ?? ?? N

CHINLE SHALE ?? 3696 ?? N

MOSS BACK 3696 3731 35 N

SHINARUMP CONGLOMERATE 3731 3948 217 N

DECHELLY SANDSTONE 3948 4443 495 N

ORGAN ROCK 4443 5742 1299 N

HERMOSA 5742 6471 729 N

PARADOX 6471 6973 502 N

MOLAS 6973 7096 123 N

LEADVILLE LIMESTONE 7096 7292 196 N

ELBERT 7292 ?? ?? N

MANCOS SHALE 0 645 645 N

GALLUP SANDSTONE 645 995 350 N

SONASTEE SANDSTONE/SHALE 995 1360 365 N

GREENHORN LIMESTONE 1360 1475 115 N

DAKOTA SANDSTONE 1475 1677 202 S

MORRISON SANDSTONE/SHALE 1677 >1690 >13 P

7267

857

>13

1043

See page 8 for Explanations 7 of 8



Table 5
Geologic Units Summary for Oil and Gas Test Wells Logged by the United States Department of the Interior 

(Used for Preparing Cross Sections B-B’, C-C’, and D-D’)
Desert Rock Energy Project, New Mexico

Well No.
Common Formation 

Name Lithology

Depth to Top 
of unit        
(ft bgs)

Depth to Bottom 
of unit          
(ft bgs)

Unit Thickness 
(feet)

Contribution to 
Well 

ProductionA

Thickness of 
Morrison 

Formation 
(feet)B

UNDESIGNATED 0 780 780 N

CHACRA 780 1125 345 N

CLIFF HOUSE SANDSTONE 1125 1348 223 N

MENEFEE SHALE 1348 2555 1207 N

POINT LOOKOUT SANDSTONE 2555 2736 181 N

MANCOS SHALE 2736 3622 886 N

GALLUP SANDSTONE 3622 3810 188 N

BISTI SAND SAND 3810 4132 322 N

SANASTEE SANDSTONE/SHALE 4132 4518 386 N

GREENHORN LIMESTONE 4518 4578 60 N

GRANEROS SHALE 4578 4617 39 N

DAKOTA SANDSTONE 4617 4737 >120 S

PICTURED CLIFFS SANDSTONE 1020 1270 250 N

LEWIS SHALE 1270 1859 589 N

CLIFF HOUSE SANDSTONE 1859 ?? ?? N

MENEFEE SHALE ?? 3575 ?? N

POINT LOOKOUT SANDSTONE 3575 3835 260 N

MANCOS SHALE 3835 5648 1813 N

DAKOTA SANDSTONE 5648 5835 187 S

MORRISON SANDSTONE/SHALE 5835 >5887 >52 P

Data Source:  U.S. Department of Interior Oil/Gast Test wells, New Mexico EMNRD OCD Image Database, 2006

Abbreviations: Footnotes:

NR = Not Recorded AContribution to Well Production: P = Primary; S = Secondary; N = None

ft bgs = feet below ground surface BThickness of Morrison Formation: NE = Formation Not Encountered

>52

2203

6367

NE

See page 8 for Explanations 8 of 8



Table 6
General Water Chemistry of Groundwater Produced from the Morrison Formation in the San Juan Basin

Desert Rock Energy Project, New Mexico

Sample ID Number of Samples Minimum Maximum Medium

Specific Conductance (us/cm) 52 300 6000 876

pH (standard units) 42 6.6 9.4 8.2

Temperature (degrees Celcius) 39 6 76 23

Calcium 56 0.8 550 14

Magnesium 53 0.1 62 3.7

Sodium 57 43 1,400 140

Potassium 56 0.1 24 2

Alkalinity (total as calcium carbonate) 56 10 670 200

Sulfate 52 6 3,200 160

Chloride 57 1.1 1,200 8.9

Flouride 50 0.2 7.7 0.6

Dissolved Solids (sun of constituents) 52 116 5,000 614

Nitrate (as nitrogen) 21 0.1 4.5 0.4

Arsenic 19 0.01 0.21 0.02

Iron 41 0.03 20 0.6

Manganese 21 0.01 19 0.1

Selenium 17 0.01 0.02 0.01

Radium-226 17 0.07 110 0.62

Explanation:
us/cm = microsiemens per centimeter at 25 degrees Celcius
Dissolved constituents are reported in milligrams per liter unless noted otherwise
Radium-226 is reported in picocuries per liter

1 of 1



Table 7
Water Quality Data from Sanostee Tribe Water Wells Sampled on May 11, 2005

Desert Rock Energy Project, New Mexico

General Chemistry

Sample ID pH Temperature TDS Turbidity Conductivity Nitrite Nitrate Chloride Fluoride Sulfate
(° C) (mg/L) (NTU) (µmhos/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

12K-655 8.1 21.8 160 < 0.02 270 < 0.020 < 0.50 4.5 < 0.50 6.6
12K-633 9 21.5 170 < 0.02 280 < 0.020 < 0.50 < 2.5 < 0.50 3.4
12K-320 9.3 21.5 300 < 0.02 500 < 0.020 < 0.50 4.5 < 0.50 52

Metals 

Sample ID Aluminum Antimony Arsenic Barium Boron Cadmium Calcium Chromium Cobalt Copper
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

12K-655 < 0.10 < 0.0030 < 0.0040 0.14 < 0.10 < 0.0030 20 < 0.010 < 0.010 0.29
12K-633 < 0.10 < 0.0030 < 0.0040 0.014 < 0.10 < 0.0030 1.3 < 0.010 < 0.010 < 0.010
12K-320 < 0.10 < 0.0030 < 0.0040 0.036 < 0.10 < 0.0030 1.1 < 0.010 < 0.010 < 0.010

 
Radiochemical Activity

Sample ID

12K-655
12K-633
12K-320

Table adapted from the Final Well Impact Report  (URS, 2005)

Explanation:
TDS = Total Dissolved Solids
< = below laboratory reporting limits
mg/L = milligrams per Liter
µmhos/cm = micromhos per centimeter

600 / 00-02 (pCi/L)

12. +/- 1.7
9.8 +/- 1.5

Gross Alpha
Activity Method

904 (pCi/L)
< 0.4
< 0.3

0.9 +/- 0.4

Radium 226
Activity Method 

903.1 (pCi/L)
< 0.3
< 0.3
---- ----

Total Radium
(pCi/L)

< 0.4
< 0.3
----

Radium 228
Activity Method

1 of 2



Table 7
Water Quality Data from Sanostee Tribe Water Wells Sampled on May 11, 2005

Desert Rock Energy Project, New Mexico

General Chemistry (continued)

Sample ID
Bicarbonate Carbonate Hydroxide Total

12K-655 140 < 20 < 20 140
12K-633 89 50 < 20 140
12K-320 100 97 < 20 200

Metals (continued)

Sample ID Iron Lead Magnesium Nickel Potassium Selenium Silica Silver Sodium Thallium
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

12K-655 < 0.10 0.0095 4 < 0.010 2.8 < 0.0030 19 < 0.0050 34 < 0.0020
12K-633 < 0.10 < 0.0030 < 1.0 < 0.010 < 2.0 < 0.0030 16 < 0.0050 68 < 0.0020
12K-320 < 0.10 < 0.0030 < 1.0 < 0.010 < 2.0 < 0.0030 18 < 0.0050 110 < 0.0020

Alkalinity (mg/L)

2 of 2



Table 8 
Groundwater Modeling Input Data for Revised and Original Models

Desert Rock Energy Project, New Mexico

Revised Model Input

Layer Geologic Unit Thickness (ft) Notes K (ft/day) Kh/KV ratio
Storage 
coeff. SY (l)

1 Mancos Shale variable Leaky upper aquitard 0.0567 10 to 1 0.00011 0.03

2 Dakota Sandstone 200 aquifer 0.3225 2 to 1 0.00011 0.24

3
Sandstone 
(Morrison Fm) 1000 aquifer

K1 = 0.075, K2 
= 0.125 2 to 1 0.00011 0.24

# Wells Pump Rate (gpm) Time pumping (days) Well Spacing
Screen 
Interval

10 307 7300 (stress period 1) 1/4 mile All of layer 3

total = 3070 14600 (stress period 2) 1000 feet

Head Boundary (type) gradient

Specified Head 0.0014 ft/ft

Model area # columns # rows # cells min cell size max cell size

24x16 miles 300 322 96600 per layer 247.5 x 165 ft 990 x 660 ft

Original Model Input (URS 2005)

Layer Geologic Unit Thickness (ft) Notes K (ft/day) Kh/KV ratio
Storage 
coeff. SY (l)

1 Mancos Shale 650 Leaky upper aquitard 0.0567 10 to 1 0.00011 0.03

2
Sandstone 
(Morrison Fm) 1000 aquifer 0.2 10 to 1 0.00011 0.2

# Wells Pump Rate (gpm) Time pumping (days) Well Spacing
Screen 
Interval

10 307 14600 1/4 mile All of layer 2

Head Boundary (type) gradient

Specified Head 0.0038 ft/ft

Model area # columns # rows # cells min cell size max cell size

12X12 miles 280 279 78120 100 X 100 feet 500 X 500 ft



 

 

    

 

 

APPENIDX A  

STUDY AREA OIL AND GAS TEST WELLS, UNITED STATES DEPARTMENT OF THE 
INTERIOR 

 





































































































































































 

 

    

 

 

 

APPENDIX B 

LABORATORY ANALYTICAL DATA FOR SAMPLES COLLECTED FROM SANOSTEE 
TRIBE WELLS ON MAY 11, 2005 

 

 





































































 
 
February 5, 2007 
 
 
Ms. Jennifer Pyne 
URS Corporation 
7720 N 16th Street, Suite 100 
Phoenix, AZ 85020 
 
Re:  Final Well Impact Report – Revision No. 2 

Desert Rock Energy Project, Four Corners Area, New Mexico 
 Miller Brooks Project Number 684-0001-0003      
      
Dear Ms. Pyne: 
 
Miller Brooks Environmental, Inc. (Miller Brooks) has prepared this letter report on 
behalf of Sithe Global Power, LLC (Sithe) for the proposed Desert Rock Power Plant 
located in the Four Corners Area, New Mexico (see Figure 1).  This report is based upon 
a previous study conducted by URS Corporation (URS) in 2005 (URS, 2005) and a 
revised study conducted by Miller Brooks in 2006 (Miller Brooks, 2006).  This report 
was prepared to incorporate additional revisions to the groundwater model requested by 
the U.S. Environmental Protection Agency (EPA) in a letter to URS dated November 16, 
2006 (EPA, 2006) and comments made during a meeting held in Farmington, New 
Mexico on November 29, 2006.  This report presents the model input revisions and 
resulting drawdown impacts related to those comments.  The project background, 
hydrogeology, and aquifer characteristics used in this modeling study can be found in the 
previous well impact report (Miller Brooks 2006).   
 
New tables and figures prepared by Miller Brooks and contained within this report 
include the following: 

 
Table 1  Groundwater Modeling Input Data 
 
Figure 1 North Well Field 20-Year Impact 
Figure 2 North Well Field 40-Year Impact  
Figure 3 South Well Field 20-Year Impact  
Figure 4 South Well Field 40-Year Impact  
Figure 5 Both Well Fields 20-Year Impact  
Figure 6 Both Well Fields 40-Year Impact 

Model Assumptions 

The groundwater model code selected for this study is the U.S. Geological Survey’s 
MODFLOW-96 (Harbaugh and McDonald, 1996), with the advanced graphical interface 
Groundwater Vistas® (Rumbaugh and Rumbaugh, 1996), which is consistent with the 
original model (URS 2005) and the first revision (Miller Brooks 2006).  The 



MODFLOW-96 code is widely accepted in the hydrogeologic professional community as 
a valid numerical model to simulate groundwater flow in three dimensions.  The 
graphical interface Groundwater Vistas® was used to generate the drawdown impact 
contours included in this report.  To provide a more accurate simulation of subsurface 
geology, Miller Brooks utilized the computer program Surfer® (Version 8.0) to digitize 
and import the bottom elevations of Model Layers 1, 2 and 3.  Figure 1 provides a model 
boundary map. 
 
The following summarizes the input parameters used in this modeling study.  Table 1 
provides details on the model input parameters for the original, first and second (current) 
revisions. 

1.) The model domain area was increased from 384 square miles to 
784 square miles to mitigate boundary on the drawdown contours and to 
incorporate the requested 10-foot drawdown contour. 

2.) The model was expanded two miles in both north and south directions and 
six miles in both east and west directions (see Figure 1). 

3.) The total model grid was increased from 300 columns, 322 rows, and 
289,800 model cells to a total of 374 columns, 436 rows and 
489,192 model calculation cells.  The maximum and minimum grid 
spacing remained unchanged and ranged from 247.5 by 165 feet in the 
simulated well field area to 990 by 660 feet at the model boundaries. 

4.) The bottom of Layer 1 was recontoured as a variable thickness unit, to 
extend the layer to the new model boundaries.  Layer 1 (the upper model 
layer) represents the Mancos Shale and all other geologic units above it. 
Layer 1 was modeled as a semi-confined layer, unchanged from the 
previous model revision (Miller Brooks, 2006). 

5.) The bottom of Layer 2 was recontoured using Surfer®.  Layer 2 represents 
the Dakota Sandstone, which lies above the Morrison Formation in the 
model domain area.  Layer 2 remained a uniform thickness of 200 feet, 
consistent with the previous model revision (Miller Brooks, 2006). 

6.) The previous model revision (Miller Brooks, 2006) set a uniform 
thickness of 1,000 feet for the Morrison Formation (Layer 3) variable 
elevation (based upon the contour map) (Miller Brooks, 2006).  Per EPA’s 
request (EPA 2006), Miller Brooks reduced Layer 3 to a uniform thickness 
of 600 feet.  The bottom elevation of Layer 3 was recontoured by taking 
the approximate depth to the top of the Morrison Formation and adding it 
to the revised approximate thickness of the Morrison Formation in the 
model domain area, to derive a variable bottom elevation that would also 
extend to the new model boundaries.  Note: Layer 3 (the bottom model 
layer) represents the Morrison Formation (the target water-bearing unit 
for this study).  The Morrison Formation lies beneath the Mancos Shale 
and the Dakota Sandstone and ranges in thickness in the model domain 
area from 950 to 1,050 feet. 



7.) Model Layer 1 – The hydraulic conductivity (K) and horizontal-to-vertical 
conductivity ratio (Kh/Kv) of 0.0567 feet per day (ft/day) and 10:1 were 
unchanged from the previous model (Miller Brooks, 2006).   

8.) Model Layer 2 – The K value remained unchanged at 0.3225 ft/day, but 
the Kh/Kv ratio was changed from 2:1 to 10:1 based upon our reevaluation 
of published values for a medium- to fine-grained sandstone (Spitz and 
Moreno, 1996) and comments provided by EPA (EPA, 2006). 

9.) Model Layer 3 – The distinct K “zones” 0.075 and 0.175 ft/day remained 
unchanged from the previous model and were input into the model to 
extend to the new model boundaries.  The K values were obtained by 
taking the median thickness of the Morrison Formation (1,000 feet) and 
dividing it by the median transmissivity (T) values in the model domain 
area (75 ft2/day and 125 ft2/day).  The Kh/Kv ratio was changed from a 
10:1 to a 2:1 ratio based upon our reevaluation of published values for a 
medium- to fine-grained sandstone (Spitz and Moreno, 1996) and 
comments provided by EPA (EPA, 2006). 

10.) The storage coefficient for all Model Layers was set at 0.00011 (unitless).  
This value represents the median published values from nine wells tested 
in the Morrison Aquifer (Dam, et al., 1990) and is unchanged from the 
previous model revisions (Miller Brooks, 2006). 

11.) The specific yield (Sy) for Model Layers 1, 2 and 3 was set at 0.03, 0.15, 
and 0.15 (unitless), respectively.  The Sy value from the previous model 
revision (Miller Brooks, 2006) was unchanged for Model Layer 1.  The Sy 
value for Model Layers 2 and 3 was changed from 0.24 to 0.15 (unitless) 
based on more conservative estimates and comments provided by EPA 
(EPA, 2006). 

12.) The two well fields consisting of ten equally spaced pumping wells 
(identified as Proponent’s Preferred Alternative Water Well Field B, 
“Location 1” and “Location 2”) (see Figure 1) remained unchanged from 
the previous model revision.  Well spacing was unchanged at 1/4 mile. 

13.) The simulated wells remained screened entirely and exclusively in the 
Morrison Formation (Model Layer 3).  Based upon the revised thickness 
of Layer 3 per EPA comments (EPA, 2006), the total screened interval in 
each pumping well was changes from 1,000 feet (Miller Brooks, 2006) to 
600 feet. 

14.)  Each simulated well pumps at a continuous rate of 442,080 gallons per 
day (gpd), or 307 gallons per minute (gpm), for a period of 
14,600 consecutive days, or 40 years.  This equals the total annualized 
project demand of 4,950 af/yr (Sithe, 2005), or 3,070 gpm.  This rate 
remains unchanged from the previous model (Miller Brooks, 2006).  Each 
well field (“Location 1” and “Location 2”) was run independently in the 
previous model to evaluate the impact at both locations separately.  The 
same two runs were conducted in this revision in addition to a third run in 



which all 20 wells at both well fields were pumped at half the total rate 
(153.5 gpm) of a single well field configuration, resulting in the total 
demand of 3,070 gpm. 

15.) A specified head boundary was set along the northern and southern model 
boundaries according to the potentiometric surface contour map compiled 
for the Morrison Aquifer.  This remains unchanged from the previous 
model (Miller Brooks, 2006), with the exception that Miller Brooks had to 
extrapolate the constant head boundaries in all directions to accommodate 
the extended model boundaries (based upon the potentiometric surface 
map) (Miller Brooks, 2006). 

16.) No boundaries were set along the western and eastern model boundaries to 
allow the model to create its own east-west flow gradient.  This remains 
unchanged from the previous model revision (Miller Brooks, 2006). 

17.) No recharge is simulated from perennial flow along the reach of the Chaco 
River due to a lack of stream flow gauge data.  This remains unchanged 
from the previous model revision (Miller Brooks, 2006). 

Model Predictions 

Drawdown predictions following 20 years and 40 years of continuous pumping are 
graphically presented in Figures 1 through 6 for the South well field “Location 2”, North 
well field “Location 1”, and the dual North and South well field configuration.  The 
drawdown predictions are as follows: 
 
Proponent’s Preferred Alternative Water Well Field B, North Well Field “Location 2” 
 
Based upon the input assumptions presented herein, the maximum cumulative 20-year 
and 40-year impact resulting from the annual projected withdrawal of 4,950 af/yr, or 
3,070 gpm, for “Location 2” is predicted to be 1,885 and 2,010 feet, respectively (see 
Figures 1 and 2).  The maximum drawdown predicted occurs at the center of the 
simulated pumping wells and decreases with distance from the well centers.  The model-
predicted, 10-foot impact radius extends approximately 7.2 and 9.8 miles for the 20- and 
40-year predictions, respectively, from the center of the simulated well field (see Figures 
1 and 2).  According to available well set data, there are no water production wells 
located within the model-predicted, 10-foot drawdown contour for either the 20- or 
40-year predictions.  Please note that the model-predicted drawdown presented in Figures 
1 and 2 represents the decline in the potentiometric surface relative from the land surface. 
 
Proponent’s Preferred Alternative Water Well Field B, South Well Field “Location 1” 
 
Based upon the input assumptions presented herein, the maximum cumulative 20-year 
and 40-year impact resulting from the annual projected withdrawal of 4,950 af/yr, or 
3,070 gpm, for “Location 1” is predicted to be 1,920 and 2,020 feet, respectively (see 
Figures 3 and 4).  The maximum drawdown predicted occurs at the center of the 
simulated pumping wells and decreases with distance from the well centers.  The model-
predicted, 10-foot impact radius extends approximately 7.5 and 10.1 miles, respectively, 



from the center of the simulated well field (see Figures 3 and 4).  According to available 
well set data, there are no water production wells located within the model-predicted, 
10-foot drawdown contour for either the 20- or 40-year predictions.  The 40-year 
predicted, 10-foot drawdown contour overlaps two monitoring wells (wells 71 and 72; 
see Figure 4) registered with the New Mexico Office of the State Engineer.  According to 
its well records, these are oil/gas test wells, not water production wells.  The model-
predicted drawdown presented in Figures 3 and 4 represents the decline in the 
potentiometric surface, relative from the land surface. 
 
Proponent’s Preferred Alternative Water Well Field B, Both Well Fields “Location 1” 
and “Location 2” 
 
Based upon the input assumptions presented herein, the maximum cumulative 20-year 
and 40-year impact resulting from the annual projected withdrawal of 4,950 af/yr, or 
3,070 gpm, for “Location 2” is predicted to be 960 and 1,020 feet, respectively (see 
Figures 5 and 6).  The maximum drawdown predicted occurs at the center of the 
simulated pumping wells and decreases with distance from the well centers.  The model-
predicted, 10-foot impact radius extends approximately 7.0 miles from “Location 1” and 
6.0 miles from “Location 2” after 20 years, and 8.0 miles from “Location 1” and 
9.0 miles from “Location 2” after 40 years from the center of the simulated well fields 
(see Figures 5 and 6).  According to available well set data, there are no water production 
wells located within the model-predicted, 10-foot drawdown contour for either the 20- or 
40-year predictions.  Please note that the model-predicted drawdown presented in Figures 
5 and 6 represents the decline in the potentiometric surface relative from the land surface. 

Conclusions 

Our conclusions from this revised well impact study are as follows: 

• Given the assumptions presented herein, our revised modeling analyses 
predicts a maximum decline in potentiometric surface of 2,020 feet (at Well 
Field B, “Location 2”, see Figure 4) after 40 years of continuous pumping at 
the Desert Rock Power Plant’s estimated demand requirements (4,950 af/yr, 
or 3,070 gpm).  Because groundwater generally occurs under confined 
conditions within the study area (Dam, et. al, 1990), resulting in artesian 
flow from wells, and the depth to the Morrison Formation is approximately 
4,500 feet in both of the modeled well field areas (Well Field B, “Location 
1” and “Location 2”), a decline in potentiometric surface of 2,020 feet 
below ground surface is unlikely to de-water the Morrison Formation. 
Assuming the modeling simulations are representative of actual subsurface 
conditions, the results of this revised modeling analysis tends to suggest that 
sufficient local groundwater resources are available from the Morrison 
Aquifer (at the modeled locations) to meet the projected withdrawal 
demands for the proposed Desert Rock Power Plant for the next 40 years. 

• This revised model, consistent with the previous version (Miller Brooks, 
2006), incorporates conservative aquifer parameters, thus representing what 



we believe should represent a worst-case scenario.  It also incorporates and 
addresses comments on the previous model revision by EPA (EPA, 2006).  
This revised model predicts that there should be no loss greater than 10 feet 
in the potentiometric surface to existing water production wells in the study 
area after 40 years of continuous pumping from either one or both of the 
simulated well fields at the Desert Rock Power Plant’s estimated demand 

(4,950 af/yr or 3,070 gpm) (see Figures 1 through 6). 

is revised well impact study, Miller Brooks makes the 
llowing recommendations: 

 
1. 

at the project 
site into the revised model to better access drawdown impacts. 

 
2. 

 Morrison Aquifer than the previous modeling analyses 
suggested. 

Dam

vey Water Resources Hydrologic 

Har
ey Modular Finite Difference Ground-water 

Mi
ners Area, New Mexico, Prepared for Sithe Global Power, LLC, 

Spitz, K. and Moreno, J., 1996, A Practical Guide to Groundwater and Solute Transport 

UR Desert Rock Energy Project, Four 

U.S ncy, 2006, EPA Comments on the Desert Rock 
Energy Project PDEIS, 11/13/06 

requirements 

Recommendations 

Based upon the results of th
fo

Miller Brooks recommends incorporating geologic and hydrogeologic data 
(as applicable) from the new test wells currently being drilled 

In addition to modifying aquifer parameters, wells may be added, removed, 
repositioned, or modified (i.e., pump rates, screen interval, etc.) in the model 
to assist the selected contractor with optimal well placements.  This will 
help mitigate drawdown impacts associated with the new wells.  Predictions 
from the revised model would be more indicative of potentiometric surface 
drawdown of the
have 
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Table 1
Groundwater Modeling Input Data 
Desert Rock Energy Project, New MexicoCurrent Revision Model Input

Layers Geologic Unit Thickness (ft) Notes K (ft/day) Kh/KV ratio
Storage 
coeff. SY (l)

1 Mancos Shale variable Leaky upper aquitard 0.0567 10 to 1 0.00011 0.03

2 Dakota Sandstone 200 aquifer 0.3225 10 to 1 0.00011 0.15

3
Sandstone (Morrison 

Fm) 600 aquifer
K1 = 0.075,   
K2 = 0.125 10 to 1 0.00011 0.15

# Wells Pump Rate (gpm) Time pumping (days) Well Spacing
Screen 
Interval Model Run

10 north well field
307/well            3070

total 7,300/14,600 1/4 mile
All of layer 3   

600 feet 1

10 south well field 
307/well           

3070 total 7,300/14,600 1/4 mile
All of layer 3   

600 feet 2

20 (10 each well field)
153.5/well         
3070 total 7,300/14,600 1/4 mile

All of layer 3   
600 feet 3

Head Boundary (type) Hydrualic gradient

Specified Head 0.0041 ft/ft

Model area # columns # rows # cells min cell size max cell size

28x28 miles 374 436 163,064 per layer 247.5 x 165 ft 990 x 660 ft

784 square miles 489,192 total

First Revision Model Input (Miller Brooks 2006)

Layer Geologic Unit Thickness (ft) Notes K (ft/day) Kh/KV ratio
Storage 
coeff. SY (l)

1 Mancos Shale variable Leaky upper aquitard 0.0567 10 to 1 0.00011 0.03

2 Dakota Sandstone 200 aquifer 0.3225 2 to 1 0.00011 0.24

3
Sandstone (Morrison 
Fm) 1000 aquifer

K1 = 0.075, K2 
= 0.125 2 to 1 0.00011 0.24

# Wells Pump Rate (gpm) Time pumping (days) Well Spacing
Screen 
Interval

10 307 7300 (stress period 1) 1/4 mile All of layer 3

total = 3070 14600 (stress period 2) 1000 feet

Head Boundary (type) gradient

Specified Head 0.0048 ft/ft

Model area # columns # rows # cells min cell size max cell size

24x16 miles 300 322 96600 per layer 247.5 x 165 ft 990 x 660 ft

Original Model Input (URS 2005)

Layer Geologic Unit Thickness (ft) Notes K (ft/day) Kh/KV ratio
Storage 
coeff. SY (l)

1 Mancos Shale 650 Leaky upper aquitard 0.0567 10 to 1 0.00011 0.03

2
Sandstone (Morrison 
Fm) 1000 aquifer 0.2 10 to 1 0.00011 0.2

# Wells Pump Rate (gpm) Time pumping (days) Well Spacing
Screen 
Interval

10 307 14600 1/4 mile All of layer 2

Head Boundary (type) gradient

Specified Head 0.0038 ft/ft

Model area # columns # rows # cells min cell size max cell size

12X12 miles 280 279 78120 100 X 100 feet 500 X 500 ft

Table 1 - model Input data final2.xls















 
 
 
January 30, 2007 
 
 
 
Ms. Jennifer Pyne 
URS Corporation 
7720 N 16th Street, Suite 100 
Phoenix, AZ  85020 
 
Re: Water Quality Comparison Report – A Comparison of 2006 Burnham Chapter Water Well 

Data to Historical Morrison Formation Water Well Data 
Desert Rock Energy Project, New Mexico 

 
 Miller Brooks Environmental, Inc. Project #0684-0001-0001 
 
Dear Ms. Pyne: 
 
Miller Brooks Environmental, Inc. (Miller Brooks) has prepared this report for URS Corporation (URS), 
per Sub-Task 5 of “Work Order No. 2” from URS dated August 31, 2006.  This report presents the 
analytical results for water samples collected by Ecosphere Environmental Services (Ecosphere) in 
Farmington, New Mexico on November 1st, 7th, and 22nd, 2006 at six artesian wells located on Burnham 
Chapter land adjacent to the proposed Desert Rock Power Plant in the Four Corners Area, New Mexico.  
This report also compares that data to historical water quality data from samples collected in wells 
reported to have historically withdrawn groundwater from the Morrison Formation located in the Upper 
San Juan Basin (Dam et. al, 1990) in the vicinity of the Desert Rock project site (the study area). 
 
PROJECT BACKGROUND 
 
The study area (see Figure 1) is located in the northwestern portion of New Mexico, southeast of 
Shiprock and due south of Farmington.  The proposed water supply for the Desert Rock Power Plant is 
from new production wells proposed for future construction.  The proposed wells will be designed to 
withdraw groundwater exclusively from the Morrison Formation to mitigate drawdown in Navajo Nation 
water supply wells and seeps and springs which derive most, if not all, of their water supply for an upper 
confined aquifer (above the Morrison Formation).  The locations of the six artesian wells sampled by 
Ecosphere used for comparison in this report are shown on Figure 1.  Site descriptions, GPS locations and 
Ecosphere’s field notes are included in Appendix 1. 
 
The purpose of this report is to compare water chemistry from the six artesian wells sampled by 
Ecosphere to historical groundwater chemistry from samples collected in wells reported to have produced 
water from the Morrison Formation.  The comparison is intended to draw a similarity or dissimilarity in 
the two water sources with respect to their geochemical “footprints.”  Although not part of this 
evaluation, the “footprint” could be evaluated to determine the degree of hydrologic “connectivity” 
between seeps- and springs-derived water and Morrison Formation-derived water.  This information 
could be helpful in relating drawdown at the proposed well field(s) for the proposed Desert Rock Power 
Plant as it relates to potential drawdown of artesian wells in the study area.
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Since there are few documented wells constructed and currently producing groundwater exclusively from 
the Morrison Formation in the study area (Miller Brooks, 2006), this report compares the artesian well 
data to historical water quality data for groundwater samples collected in wells reported to have 
withdrawn groundwater from the Morrison Formation (Dam, et. al, 1990).  The historical data are a 
compilation of wells sampled between 1948 and 1986 (Dam, et. al, 1990) located within and outside of 
the study area but within the same geologic province (the Upper San Juan Basin).  Due to a lack of well 
construction records, we cannot conclusively confirm if the Morrison Formation well data set used in this 
report represents groundwater produced exclusively from the Morrison Formation.   
 
WATER QUALITY RESULTS 
 
The water quality data presented in the report are discussed in the following four sections: 
 

• General Chemistry 
• Major Anions 
• Major Cations 
• Other Metals 

 
For ease of reference, samples colleted by Ecosphere on November 1st, 7th, and 22nd, 2006 from the six 
artesian wells (Figure 1) will be referred tot as the “artesian wells.”  Samples collected from wells 
completed in the Morrison Formation (Dam, et. al., 1990) will be referred to as the “’Morrison Formation 
wells.”  Table 1 provides a summary of the water quality data referenced in this report.  The laboratory 
analytical reports from Green Analytical Laboratories, Inc. for the six artesian wells sampled are included 
as Appendix 2.   
 
This report compares the median values of concentrations (for the selected constituents) of the Morrison 
Formation well data set to the average values of the artesian well data set, presented in Table 1 as a 
“coefficient of variation” (in percent).  In addition, we have prepared stiff plots of each artesian well 
sampled (Figure 2) and a comparative stiff plot using the median concentrations from the Morrison 
Formation well data set (Figure 3) and the average values from the artesian well data set.  These stiff plots 
are intended to graphically demonstrate the similarity or dissimilarity in geochemistry of the two water 
sources. 
 
General Chemistry 
 
Specific Conductance (SC) and Total Dissolved Solids (TDS): 
 
The average concentration of SC and TDS from the artesian wells sampled is 3,558 microsiemens per 
centimeter (µs/cm) and 2,489 milligrams per liter (mg/L), respectively (Table 1).  The median 
concentration of SC and TDS from the Morrison Formation wells is 876 µs/cm and 614 mg/L, 
respectively.  The calculated coefficient of variation in SC and TDS from the two water sources is 86 and 
85 percent, respectively.  The highest SC and TDS concentrations from the artesian wells sampled were at 
“well 01,” with a concentration of 7,510 µs/cm and 6,100 mg/L, respectively.  
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Fluoride:  
 
The average concentration of Fluoride from the artesian wells sampled is 2.07 mg/L (Table 1).  The 
median concentration of Fluoride from the Morrison wells is 0.6 mg/L (Table 1).  The calculated 
coefficient of variation in Fluoride from the two water sources is 78 percent. 
 
Nitrate:
 
The average concentration of Nitrate from the artesian wells sampled is 0.78 mg/L.  The median 
concentration of Nitrate from the Morrison wells is 0.4 mg/L (Table 1).  The calculated coefficient of 
variation in Nitrate from the two water sources is 45 percent. 
 
pH:
 
The average pH value from the artesian wells sampled is 8.21 (Table 1).  The median pH value from the 
Morrison wells is 8.2 (Table 1).  The calculated coefficient of variation in pH from the two water sources 
is less than one percent. 
 
General Chemistry Summary 
 
The two water sources have an average coefficient of variation for the general chemistry constituents 
presented of 59 percent (Table 1).  The high discrepancy in the coefficient of variation for SC, TDS and 
nitrate would suggest that the two water sources have different geochemical “footprints” with regard to 
the general chemistry constituents presented in this report. 
 
Major Anions 
 
Alkalinity:
 
The average concentration for Alkalinity (CaCO3) from the artesian wells sampled is 335 mg/L.  The 
median concentration for Alkalinity from the Morrison wells is 200 mg/L (Table 1).  The calculated 
coefficient of variation in Alkalinity from the two water sources is 36 percent. 
 
Sulfate:
 
The average concentration for Sulfate from the artesian wells sampled is 1,498 mg/L.  The median 
concentration for Sulfate from the Morrison wells is 160 mg/L (Table 1).  The calculated coefficient of 
variation in Sulfate from the two water sources is 114 percent.  The highest Sulfate concentration from the 
artesian wells sampled is at “well 01,” with a concentration of 3,900 mg/L. 
 
Chloride:
 
The average concentration for Chloride from the artesian wells sampled is 56 mg/L.  The median 
concentration for Chloride from the Morrison wells is 8.9 mg/L (Table 1).  The calculated coefficient of 
variation in Chloride from the two water sources is 103 percent. 
 
Major Anion Summary 
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The two water sources have an average coefficient of variation for the major anions presented of 84 percent 
(Table 1).  The two water sources have a relatively low coefficient of variation for Alkalinity but a much 
higher coefficient of variation for Sulfate and Chloride.  The major anion results indicate that the Morrison 
wells are Carbonate-dominated waters (due to high Alkalinity (CaCO3) concentrations, with lesser 
concentrations of Sulfate and Chloride), while the artesian wells are Sulfate-dominated waters (with higher 
Sulfate concentrations, as described above).  This would suggest that the two water sources have different 
geochemical “footprints” with regard to the major anions presented in this report. 
 
Major Cations  
 
Sodium: 
 
The average concentration of Sodium from the artesian wells sampled is 659 mg/L.  The median 
concentration for Sodium from the Morrison wells is 140 mg/L (Table 1).  The calculated coefficient of 
variation in Sodium from the two water sources is 92 percent. 
 
Calcium: 
 
The average concentration of Calcium from the artesian wells sampled is 99 mg/L.  The median 
concentration of Calcium from the Morrison wells is 14 mg/L (Table 1).  The calculated coefficient of 
variation in Calcium from the two water sources is 106 percent. 
 
Magnesium: 
 
The average concentration of Magnesium from the artesian wells sampled is less than 15 mg/L.  The 
median concentration of Magnesium from the Morrison wells is 3.7 mg/L (Table 1).  The coefficient of 
variation in Magnesium from the two water sources is 85 percent. 
 
Potassium: 
 
The average concentration of Potassium from the artesian wells sampled is 3.92 mg/L.  The median 
concentration for Potassium from the Morrison wells is 2 mg/L (Table 1).  The calculated coefficient of 
variation in Potassium from the two water sources is 46 percent. 
 
Major Cations Summary 
 
The two water sources have an average coefficient of variation for the major cations presented of 82 percent 
(Table 1).  The two water sources have a relatively high coefficient of variation in concentrations of the 
major cations compared, suggesting that the two water sources have different geochemical “footprints” with 
regards to major cations.  However, it should also be noted that both water sources are Sodium-dominated 
with respect to the major cations compared in this report (both have relatively high Sodium concentrations, 
with lesser concentrations of Calcium, Magnesium, and Potassium, as described above). 
 
Other Metals  
 
Arsenic: 
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The average concentration of Arsenic from the artesian wells sampled is 0.0008 mg/L.  The median 
concentration for Arsenic from the Morrison wells is 0.02 mg/L (Table 1).  The calculated coefficient of 
variation in Arsenic from the two water sources is 131 percent. 
 
Manganese: 
 
The average concentration of Manganese from the artesian wells sampled is 0.0047 mg/L.  The median 
concentration of Manganese from the Morrison wells is 0.1 mg/L (Table 1).  The calculated coefficient of 
variation in Manganese from the two water sources is 50 percent. 
 
Iron: 
 
The average concentration of Iron from the artesian wells sampled is 0.07 mg/L.  The median 
concentration of Iron from the Morrison wells is 0.6 mg/L (Table 1).  The calculated coefficient of 
variation in Iron from the two water sources is 112 percent. 
 
Other Metals Summary 
 
The two water sources have an average coefficient of variation for the other metals presented of 98 percent 
(Table 1).  This would suggest that the two water sources have different geochemical “footprints” with 
regard to the other metals presented in this report. 
 
CONCLUSIONS 
 
The artesian wells have higher concentrations of the major cations, major anions, SC, and TDS than the 
Morrison wells (see Table 1).  The waters sampled from the artesian wells are Sodium Sulfate dominated, 
with relatively high concentrations of SC and TDS.  In comparision, Morrison Formation wells are 
Sodium Carbonate dominated, with much lower concentrations of SC and TDS than the artesian wells 
sampled.  The average coefficient of variation between the concentrations for those constituents 
presented herein for the artesian wells and the Morrison Formation Wells is 81 percent (Table 1).  The 
stiff plots comparison (Figure 3) illustrates the relatively high dissimilarity in the ionic strengths of the 
two water sources.  Based upon the data presented herein, the two water sources have distinct and 
dissimilar geochemical “footprints.” 
 
REFERENCES 
 
Dam, W.L., Kernodle, J.M., Leavings, G.W., and Craig, S.D., 1990, Hydrogeology of the Morrison 
Formation in the San Juan Structural Basin, New Mexico, Colorado, Arizona, and Utah; U. S. Geological 
Survey Water Resources Hydrologic Investigations Atlas HA-720-J, Sheets 1 and 2. 
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Miller Brooks Environmental Inc., 2006, Final Well Impact Report – Revision No. 1, Desert Rock Energy 
Project Four Corners Area, New Mexico, Sithe Global Power L.L.C.; October 5 
 
If you have any questions or concerns, please do not hesitate to contact us at (602) 728-0577. 
 
Sincerely, 
Miller Brooks Environmental, Inc. 
 
 
 
 
Chris J. Courtney, RG, PG 
Office Manager/Associate Hydrogeologist 
 
 
 
 
Stephen P. Flora, GIT 
Project Hydrogeologist 
 
 
Attachments:   Table 1 – General Water Chemistry of Groundwater Produced from the Morrison 

Formation in the San Juan Basin 
   Figure 1 – Desert Rock Energy Project – Burnham Chapter Well Monitoring Locations 
   Figure 2 – Stiff Diagrams – Burnham Artesian Wells 
   Figure 3 – Stiff Diagrams – Historical Morrison Wells vs. Burnham Artesian Wells 
   Appendix 1 – Ecosphere Artesian Well Site Descriptions and Field Notes 
   Appendix 2 – Laboratory Analytical Results, Green Analytical Laboratories, Inc. 
 
 
cc: Miller Brooks Project File 684-0001-01 
 
 
V:\URS\Desert Rock Energy\684-0001-0001\Burnham Chapter Sampling\Seeps and Springs Report\Burnham Water Quality Report Final (1-30-
07).doc 



Table 1
General Water Chemistry of Groundwater Produced from the Morrison Formation in the San Juan Basin

Desert Rock Energy Project, New Mexico

Parameter

Water Quality Data from 1948-1986 (Dam et. al, 1990) Burnham Water Well Analytical Results, 2006
Coefficient 
of Variation# of samples Minimum Maximum Median 01 02 03 04 05 06 Average

GENERAL CHEMISTRY

Specific Conductance (us/cm) 52 300 6,000 876 7,510 1,740 3,640 1,960 2,920 3,580 3,558 86%

Fluoride 50 0.2 7.7 0.6 0.9 2.4 2.6 0.5 2.7 3.3 2.07 78%

Nitrate (as nitrogen) 21 0.1 4.5 0.4 0.04 2.29 0.7 0.27 1.16 0.21 0.78 45%

Dissolved Solids (TDS) 52 116 5,000 614 6,100 915 2,130 1,220 2,000 2,570 2,489 85%

pH (standard units) 42 6.6 9.4 8.2 7.58 8.2 8.78 8.6 7.97 8.15 8.21 0%

General Chemistry - Average Coefficient of Variation 59%

MAJOR ANIONS

Alkalinity (as CaCO3) 56 10 670 200 396 262 604 284 304 158 335 36%

Sulfate 52 6 3,200 160 3,900 600 1,040 660 1,240 1,550 1,498 114%

Chloride 57 1.1 1,200 8.9 89 19 172 23 17 16 56 103%

Major Anions - Average Coefficient of Variation 84%

MAJOR CATIONS

Calcium 56 0.8 550 14 396 43.3 5.2 11.8 59.1 78.5 99 106%

Magnesium 53 0.1 62 3.7 60.5 4.9 2.9 3 7 11.7 15 85%

Sodium 57 43 1,400 140 1,310 317 763 388 528 647 659 92%

Potassium 56 0.1 24 2 9.4 2.7 3.6 2.6 3.7 1.5 3.92 46%

Major Cations - Average Coefficient of Variation 82%

OTHER METALS

Arsenic 19 0.01 0.21 0.02 0.0012 0.0007 0.0005 < 0.0005 0.0007 < 0.0005 0.0008 131%

Iron 41 0.03 20 0.6 < 0.05 < 0.05 < 0.05 0.06 <0.05 0.08 0.07 112%

Manganese 21 0.01 19 0.1 0.2747 0.0017 0.0039 0.0021 0.0012 0.0023 0.0477 50%

Other Metals - Average Coefficient of Variation 98%

Average Coefficient of Variation for all Constituents 81%

Explanation:
us/cm = microsiemens per centimeter at 25 degrees Celsius
Dissolved constituents are reported in milligrams per liter unless noted otherwise
Radium-226 is reported in Pico curies per liter
< = not detected above the laboratory's lower detection limit (LDL)





Figure 2 - Stiff Diagrams
Burnham Wells, Springs, and Seeps

November 2006
Desert Rock, New Mexico
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Figure 3 - Stiff Diagrams
Historical Morrison Wells vs Burnham Artesian Wells

Desert Rock, New Mexico
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Ecosphere Burnham Chapter Artesian Well Monitoring Field Notes 
 
Site 1: Yazzie Well 
Physical Setting: Site is located on shallow south sloped flood plain of Chaco Wash drainage. The side 
high bank is next to the well. Recent rainfall is documented as sheet flow silt that drains directly into the 
well from the northwest from an old eroded two-track dirt road. The deposited silt is alkaline as indicated 
by the precipitated white salts coming off the drying deposited soils. Two home sites are located 1000-1500 
feet to N and NW. 
Plant Community: Vegetation plant community includes saltcedar, rubber rabbitbrush, spreading 
rabbitbrush, Drummond’s goldenweed and alkali saccaton plant community. Sandy alluvial deposited soils. 
Existing Well Facilities: Well site is fenced off with an existing low concrete well structure covered by a 
wooden frame, metal tank and bathtub for water trough. The well provides water for livestock. 
 
Site 2: Hoag Well 
Physical Setting: The fenced off well is located north of Brimhall Wash drainage, on the north flood 
plains. The well provides water for livestock. Home sites are located 400 feet north of the well. 
Plant Community: Plant community consists of scattered saltcedar, rubber rabbitbrush, and alkali 
saccaton. The area surrounding the site is heavily grazed. 
Existing Well Facilities: On the location in the fenced site are metal water trough, meatl tank, concrete 
spring housing, and hand water pump 
 
Site 3: Windmill 3 
Physical Setting: The site located on a regional high area surrounded by nearly barren badlands to the 
north and to the south is an extensive sand sheet. Access is from a two-track dirt road along the north 
region of the site. 
Plant Community: Plant community type consists of sparse shadscale, Bigelow’s rabbitbrush, alkali 
saccaton and sand dropseed. Silty sand soils are eolian deposited. 
Existing Well Facilities: The location has 2 metal water troughs, windmill with solar panel, 2 large metal 
holding tanks and 2 taller, smaller volume metal tank elevated several feet above the ground. 
 
Site 4: Burnham Chapter Well 
Physical Setting: The well is located on a large open level area 1000 feet south of a major dirt road. Home 
sites are located 1000 feet to the southwest. This includes a sheep corral 500 feet to the south of the tanks. 
A dirt road from the north is access to the site, the road continues southwest to the home sites. 
Plant Community: Grassland plant community includes alkali saccaton, sand dropseed, galleta and purple 
threeawn. The site is heavily grazed. 
Existing Well Facilities: On the location are 2 large metal holding tanks including 3 tall elevated metal 
tanks. A water trough and concrete well housing is located 500 feet to the north. 
 
Site 5: Hand Pump Well 1 
Physical Setting: The well is located south of Brimhall Wash on the flood plain, about 1.5 miles east of the 
Chapter House. Brimhall Wash drainage is 400 feet to the north. 
Plant Community: Vegetation cover type consists of scattered saltcedar, four-winged saltbush, 
greasewood, rubber rabbitbrush, broom snakeweed, and alkali saccaton. 
Existing Well Facilities: On the location are concrete well housing, hand pump, and 2 small water troughs. 
 
Site 6: Pinabete Wash Windmill 
Physical Setting: Windmill is located in a low bowl shaped area surrounded by sand sheet and minor 
dunes. To the west is Pinabete Wash drainage floodplain and sandy channel. A fenced off grazing section is 
located 150 feet east of the windmill. 
Plant Community: Vegetation cover type includes scattered rubber rabbitbrush, saltcedar and alkali 
saccaton. Soils are sandy in composition and of eolian and alluvial depositional origin. 
Existing Facilities: Active metal windmill, tall metal storage tank and metal water trough. 
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Ecosphere Burnham Chapter Artesian Well GPS locations

Well Name Max_PDOP
Max_H
DOP Corr_Type Rcvr_Type GPS_Date GPS_Time

Update
_Sta Feat_Name Datafile

Unfilt
_Pos

Filt_
Pos

01-yazzie well 4.4 1.6
Postprocessed 
Code GeoXT 11/1/2006 0:00 10:34:11am New Point_ge R110109A.cor 6 6

02-hoag well 2.5 1.29
Postprocessed 
Code GeoXT 11/1/2006 0:00 11:44:31am New Point_ge R110109A.cor 5 5

03-windmill 3.29 1.7
Postprocessed 
Code GeoXT 11/1/2006 0:00 12:39:11pm New Point_ge R110109A.cor 5 5

04-burnham tan 5.09 3.09
Postprocessed 
Code GeoXT 11/7/2006 0:00 03:23:31pm New Point_ge R110714A.cor 2 2

05-handpump 5.9 5.4
Postprocessed 
Code GeoXT 11/7/2006 0:00 04:00:16pm New Point_ge R110714A.cor 4 4

06-windmill 2 1.1
Postprocessed 
Code GeoXT 11/22/2006 0:00 10:11:21am New Point_ge R112209A.cor 4 4

Well Name Data_Dicti
GPS_
Week GPS_Second GPS_Height Vert_Prec Horz_Prec

Std_ 
Dev Northing Easting

Point
_ID

01-yazzie well Generic 1399 322465 1621.17 1.4 0.6 0.37 4028074.87 718028.42 2

02-hoag well Generic 1399 326685 1644.29 0.8 0.5 0.23 4027149.95 722527.27 3

03-windmill Generic 1399 329965 1694.67 0.9 0.6 0.18 4018115.02 724204.96 4

04-burnham tan Generic 1400 253425 1756.77 1.3 1 0.28 4023893.25 729024.51 6

05-handpump Generic 1400 255630 1660.04 0.8 1.7 0.51 4028239.15 725808.82 7

06-windmill Generic 1402 321095 1655.79 0.5 0.4 0.19 4035933.24 724857.8 1



Burnham Chapter Seeps, Springs, and Wells Survey 
10/18/2006 

 
GPS Waypoint Well ID GPS Coordinates 

(12 S) 
Use 

1 Windmill #1 0724477 
4027345 

Livestock 
(access sample 

through storage 
tank) 

2 Unknown 0722622 
4033116 

None, locked 

3 Unknown 0728681 
4024348 

None, open 

4 Burnham Chapter 0728660 
4024348 

Chapter House, 
residential, 

livestock 
10 Handpump Well 

#1 
0724180* 
4018120* 

livestock 

 Handpump Well 
#2 

Within site of #1 livestock 

7 Windmill #2 0726930 
4020855 

Out of service 

9 Windmill #3 0724186 
4018125 

Livestock 

11 Hoag Well 0722536 
4027140 

Livestock 

12 Yazzie Well 0718024 
4028085 

Livestock 

13 Unknown Well 0717827 
4028215 

None, locked 

14 Closed Well 0723429 
4039274 

None, cemented 

*wells are approximately ½ mile north and east from coordinates 
 
 



Green Analytical Laboratories, Inc.
75 Suttle Street
Durango, CO 81303

Manganese 200.8 0.0005 0.2747 1 mg/L

Arsenic 200.8 0.0005 0.0012

Hardness Calc 10 1240 1 mg/L

200.7 0.5 1310 1
Potassium 200.7 0.5 9.4

200.7 0.5 60.5 1
200.7 0.05 <0.05

1

1

Calcium 200.7 0.5 396

1.0

3900
610010

mg/L

RESULTS

RESULTLIMITMETHODPARAMETER
REPORT

Sample Date:
Sample Matrix: Water

Attention:

Ecosphere Environmental
2257 Main Ave, Patio Level
Durango, CO 81301

Date Received:
Date Reported:

11/02/06

Tyler Scheid

11/01/06

GAL I.D.: 611-015-01

12/07/06
QC Batches:

PROJECT NAME:
PROJECT NUMBER:

353.3 0.02

2510B
4500F C 0.2 0.9

0.04

7510 1

Laboratory Report

2320B 10 396

SAMPLE I.D.:

Desert Rock Burnham

Alkalinity, Total

Chloride

DIL
1

4500CL 10

01- Yazzie

Conductivity
Fluoride

Nitrate/Nitrite as N

TDS

Iron
Magnesium

Sodium

pH

Sulfate

150.1

2540C
4500SO4

NA SU

mg/L

mg/L

NA 7.58
mg/L

mg/L1
1 mg/L

1

1

UNITS
mg/L

10

89

mg/L

1 mg/L

mg/L1

mg/L
uS/cm
mg/L

1

Alkalinity, Bicarbonate 2320B 10 396 1 mg/L
Alkalinity, Carbonate 2320B 10 <10 1 mg/L
Alkalinity, Hydroxide 2320B 10 <10 1 mg/L

__________________________
John Green, Laboratory Manager



Green Analytical Laboratories, Inc.
75 Suttle Street
Durango, CO 81303

RESULTS

RESULTLIMITMETHODPARAMETER
REPORT

Sample Date:
Sample Matrix: Water

11/01/06
PROJECT NAME:
PROJECT NUMBER:

Laboratory Report

SAMPLE I.D.:

Desert Rock Burnham

DIL

01- Yazzie

UNITS
611-015-02GAL I.D.:

0 Date Received: 11/02/06
0 Date Reported: 01/00/00
0 QC Batches:
Attention: Tyler Scheid

PROJECT NAME: 0
PROJECT NUMBER: Sample Date: 11/01/06
SAMPLE I.D.: 02- Hoag Sample Matrix: 0

Laboratory Report
RESULTS

REPORT
PARAMETER METHOD LIMIT RESULT DIL UNITS
Alkalinity, Total 2320B 10 262 1 mg/L
Alkalinity, Bicarbonate 2320B 10 234 1 mg/L
Alkalinity, Carbonate 2320B 10 28 1 mg/L
Alkalinity, Hydroxide 2320B 10 <10 1 mg/L
Arsenic 200.8 0.0005 0.0007 1 mg/L
Calcium 200.7 0.5 43.3 1 mg/L
Chloride 4500CL 10 19 1 mg/L
Conductivity 2510B 1.0 1740 1 uS/cm
Fluoride 4500F C 0.2 2.4 1 mg/L
Iron 200.7 0.05 <0.05 1 mg/L
Magnesium 200.7 0.5 4.9 1 mg/L
Manganese 200.8 0.0005 0.0017 1 mg/L
Nitrate/Nitrite as N 353.3 0.02 2.29 1 mg/L
pH 150.1 NA 8.20 NA SU
Potassium 200.7 0.5 2.7 1 mg/L
Sodium 200.7 0.5 317 1 mg/L
Sulfate 4500SO4 10 600 1 mg/L
TDS 2540C 10 915 1 mg/L
Hardness Calc 10 128 1 mg/L

__________________________
John Green, Laboratory Manager



Green Analytical Laboratories, Inc.
75 Suttle Street
Durango, CO 81303

RESULTS

RESULTLIMITMETHODPARAMETER
REPORT

Sample Date:
Sample Matrix: Water

11/01/06
PROJECT NAME:
PROJECT NUMBER:

Laboratory Report

SAMPLE I.D.:

Desert Rock Burnham

DIL

01- Yazzie

UNITS

0
Date Reported: 01/00/00

QC Batches:
Attention: Tyler Scheid
0
0

GAL I.D.: 611-015-03
Date Received: 11/02/06

PROJECT NAME: 0
PROJECT NUMBER: Sample Date: 11/01/06
SAMPLE I.D.: 03- Windmill 3 Sample Matrix: 0

Laboratory Report
RESULTS

REPORT
PARAMETER METHOD LIMIT RESULT DIL UNITS
Alkalinity, Total 2320B 10 604 1 mg/L
Alkalinity, Bicarbonate 2320B 10 444 1 mg/L
Alkalinity, Carbonate 2320B 10 160 1 mg/L
Alkalinity, Hydroxide 2320B 10 <10 1 mg/L
Arsenic 200.8 0.0005 0.0005 1 mg/L
Calcium 200.7 0.5 5.2 1 mg/L
Chloride 4500CL 10 172 1 mg/L
Conductivity 2510B 1.0 3640 1 uS/cm
Fluoride 4500F C 0.2 2.6 1 mg/L
Iron 200.7 0.05 <0.05 1 mg/L
Magnesium 200.7 0.5 2.9 1 mg/L
Manganese 200.8 0.0005 0.0039 1 mg/L
Nitrate/Nitrite as N 353.3 0.02 0.70 1 mg/L
pH 150.1 NA 8.78 NA SU
Potassium 200.7 0.5 3.6 1 mg/L
Sodium 200.7 0.5 763 1 mg/L
Sulfate 4500SO4 10 1040 1 mg/L
TDS 2540C 10 2130 1 mg/L
Hardness Calc 10 25 1 mg/L

__________________________
John Green, Laboratory Manager



Green Analytical Laboratories, Inc.
75 Suttle Street
Durango, CO 81303

RESULTS

RESULTLIMITMETHODPARAMETER
REPORT

Sample Date:
Sample Matrix: Water

11/01/06
PROJECT NAME:
PROJECT NUMBER:

Laboratory Report

SAMPLE I.D.:

Desert Rock Burnham

DIL

01- Yazzie

UNITS
GAL I.D.: 611-058-01

0 Date Received: 11/09/06
0 Date Reported: 01/00/00
0 QC Batches:
Attention: Tyler Scheid

PROJECT NAME: 0
PROJECT NUMBER: Sample Date: 11/07/06
SAMPLE I.D.: 04- Burnham Sample Matrix: 0

Laboratory Report
RESULTS

REPORT
PARAMETER METHOD LIMIT RESULT DIL UNITS
Alkalinity, Total 2320B 10 284 1 mg/L
Alkalinity, Bicarbonate 2320B 10 208 1 mg/L
Alkalinity, Carbonate 2320B 10 76 1 mg/L
Alkalinity, Hydroxide 2320B 10 <10 1 mg/L
Arsenic 200.8 0.0005 <0.0005 1 mg/L
Calcium 200.7 0.5 11.8 1 mg/L
Chloride 4500CL 10 23 1 mg/L
Conductivity 2510B 1.0 1960 1 uS/cm
Fluoride 4500F C 0.2 0.5 1 mg/L
Iron 200.7 0.05 0.06 1 mg/L
Magnesium 200.7 0.5 3.0 1 mg/L
Manganese 200.8 0.0005 0.0021 1 mg/L
Nitrate/Nitrite as N 353.3 0.02 0.27 1 mg/L
pH 150.1 NA 8.60 NA SU
Potassium 200.7 0.5 2.6 1 mg/L
Sodium 200.7 0.5 388 1 mg/L
Sulfate 4500SO4 10 660 1 mg/L
TDS 2540C 10 1220 1 mg/L
Hardness Calc 10 42 1 mg/L

__________________________
John Green, Laboratory Manager



Green Analytical Laboratories, Inc.
75 Suttle Street
Durango, CO 81303

RESULTS

RESULTLIMITMETHODPARAMETER
REPORT

Sample Date:
Sample Matrix: Water

11/01/06
PROJECT NAME:
PROJECT NUMBER:

Laboratory Report

SAMPLE I.D.:

Desert Rock Burnham

DIL

01- Yazzie

UNITS
GAL I.D.: 611-058-02

0 Date Received: 11/09/06
0 Date Reported: 01/00/00
0 QC Batches:
Attention: Tyler Scheid

PROJECT NAME: 0
PROJECT NUMBER: Sample Date: 11/07/06
SAMPLE I.D.: 05- Handpump Sample Matrix: 0

Laboratory Report
RESULTS

REPORT
PARAMETER METHOD LIMIT RESULT DIL UNITS
Alkalinity, Total 2320B 10 304 1 mg/L
Alkalinity, Bicarbonate 2320B 10 304 1 mg/L
Alkalinity, Carbonate 2320B 10 <10 1 mg/L
Alkalinity, Hydroxide 2320B 10 <10 1 mg/L
Arsenic 200.8 0.0005 0.0007 1 mg/L
Calcium 200.7 0.5 59.1 1 mg/L
Chloride 4500CL 10 17 1 mg/L
Conductivity 2510B 1.0 2920 1 uS/cm
Fluoride 4500F C 0.2 2.7 1 mg/L
Iron 200.7 0.05 <0.05 1 mg/L
Magnesium 200.7 0.5 7.0 1 mg/L
Manganese 200.8 0.0005 0.0012 1 mg/L
Nitrate/Nitrite as N 353.3 0.02 1.16 1 mg/L
pH 150.1 NA 7.97 NA SU
Potassium 200.7 0.5 3.7 1 mg/L
Sodium 200.7 0.5 528 1 mg/L
Sulfate 4500SO4 10 1240 1 mg/L
TDS 2540C 10 2000 1 mg/L
Hardness Calc 10 176 1 mg/L

__________________________
John Green, Laboratory Manager



Green Analytical Laboratories, Inc.
75 Suttle Street
Durango, CO 81303

RESULTS

RESULTLIMITMETHODPARAMETER
REPORT

Sample Date:
Sample Matrix: Water

11/01/06
PROJECT NAME:
PROJECT NUMBER:

Laboratory Report

SAMPLE I.D.:

Desert Rock Burnham

DIL

01- Yazzie

UNITS
GAL I.D.: 611-124-01

#REF! Date Received: 11/28/06
#REF! Date Reported: #REF!
#REF! QC Batches:
Attention: Tyler Scheid

PROJECT NAME: #REF!
PROJECT NUMBER: Sample Date: 11/22/06
SAMPLE I.D.: 06 - Windmill Sample Matrix: #REF!

Laboratory Report
RESULTS

REPORT
PARAMETER METHOD LIMIT RESULT DIL UNITS
Alkalinity, Total 2320B 10 158 1 mg/L
Alkalinity, Bicarbonate 2320B 10 142 1 mg/L
Alkalinity, Carbonate 2320B 10 16 1 mg/L
Alkalinity, Hydroxide 2320B 10 <10 1 mg/L
Arsenic 200.8 0.0005 <0.0005 1 mg/L
Calcium 200.7 0.5 78.5 1 mg/L
Chloride 4500CL 10 16 1 mg/L
Conductivity 2510B 1.0 3580 1 uS/cm
Fluoride 4500F C 0.2 3.3 1 mg/L
Iron 200.7 0.05 0.08 1 mg/L
Magnesium 200.7 0.5 11.7 1 mg/L
Manganese 200.8 0.0005 0.0023 1 mg/L
Nitrate/Nitrite as N 353.3 0.02 0.21 1 mg/L
pH 150.1 NA 8.15 NA SU
Potassium 200.7 0.5 1.5 1 mg/L
Sodium 200.7 0.5 647 1 mg/L
Sulfate 4500SO4 10 1550 1 mg/L
TDS 2540C 10 2570 1 mg/L
Hardness Calc 10 244 1 mg/L

__________________________
John Green, Laboratory Manager



 
 

 
 
 
January 31, 2007 
 
 
 
Ms. Jennifer Pyne 
URS Corporation 
7720 N. 16th Street, Suite 100 
Phoenix, AZ  85020 
 
Re: Water Quality Comparison Report – A Comparison of 2006 Sanostee Chapter Water Well 

Data to Historical Morrison Formation Water Well Data 
Desert Rock Energy Project, New Mexico 

 
 Miller Brooks Environmental, Inc. Project #0684-0001-0001 
 
Dear Ms. Pyne: 
 
Miller Brooks Environmental, Inc. (Miller Brooks) has prepared this report for URS Corporation (URS), 
per Sub-Task 5 of “Work Order No. 2” from URS dated August 31, 2006.  This report presents the 
analytical results for water samples collected by Ecosphere Environmental Services (Ecosphere) in 
Farmington, New Mexico on September 6, 2006 at six artesian wells located on Sanostee Chapter land 
adjacent to the proposed Desert Rock Power Plant in the Four Corners Area, New Mexico.  This report 
also compares that data to historical water quality data from samples collected in wells reported to have 
historically withdrawn groundwater from the Morrison Formation located in the Upper San Juan Basin 
(Dam, et. al, 1990) in the vicinity of the Desert Rock project site (the study area). 
 
PROJECT BACKGROUND 
 
The study area (see Figure 1) is located in the northwestern portion of New Mexico, southeast of 
Shiprock and due south of Farmington.  The proposed water supply for the Desert Rock Power Plant is 
from new production wells proposed for future construction.  The proposed wells will be designed to 
withdraw groundwater exclusively from the Morrison Formation to mitigate drawdown in Navajo Nation 
water supply wells and seeps and springs which derive most, if not all, of  their water supply for an upper 
confined aquifer (above the Morrison Formation).  The locations of the six artesian wells sampled by 
Ecosphere used for comparison in this report are shown on Figure 1.  Site descriptions, GPS locations and 
Ecosphere’s field notes are included in Appendix 1. 
 
The purpose of this report is to compare water chemistry from the six artesian wells sampled by 
Ecosphere to historical groundwater chemistry from samples collected in wells reported to have produced 
water from the Morrison Formation.  The comparison is intended to draw a similarity or dissimilarity in 
the two water sources with respect to their geochemical “footprints.”  Although not part of this 
evaluation, the “footprint” could be evaluated to determine the degree of hydrologic “connectivity” 
between seeps- and springs-derived water and Morrison Formation-derived water.  This information 
could be helpful in relating drawdown at the proposed well field(s) for the proposed Desert Rock Power 
Plant as it relates to potential drawdown of artesian wells in the study area.
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Since there are few documented wells constructed and currently producing groundwater exclusively from 
the Morrison Formation in the study area (Miller Brooks, 2006), this report compares the artesian well 
data to historical water quality data for groundwater samples collected in wells reported to have 
withdrawn groundwater from the Morrison Formation (Dam, et. al, 1990).  The historical data are a 
compilation of wells sampled between 1948 and 1986 (Dam, et. al, 1990) located within and outside of 
the study area but within the same geologic province (the Upper San Juan Basin).  Due to a lack of well 
construction records, we cannot conclusively confirm if the Morrison Formation well data set used in this 
report represents groundwater produced exclusively from the Morrison Formation. 
 
WATER QUALITY RESULTS 
 
The water quality data presented in the report is discussed in the following four sections: 
 

• General Chemistry 
• Major Anions 
• Major Cations 
• Other Metals 

 
For ease of reference, samples colleted by Ecosphere on September 6, 2006 from the six artesian wells 
(Figure 1) will be referred in this report as the “artesian wells.”  Samples collected from wells completed 
in the Morrison Formation (Dam. et. al., 1990) will be referred to as the “’Morrison Formation wells.”  
Table 1 provides a summary of the water quality data referenced in this report.  The laboratory analytical 
reports from Green Analytical Laboratories, Inc. for the six artesian wells sampled are included as 
Appendix 2. 
 
This report compares the median values of concentrations (for the selected constituents) of the Morrison 
Formation well data set to the average values of the artesian well data set, presented in Table 1 as a 
“coefficient of variation” (in percent).  In addition, we have prepared stiff plots of each artesian well 
sampled (Figure 2) and a comparative stiff plot using the median concentrations from the Morrison 
Formation well data set (Figure 3) and the average values from the artesian well data set.  These stiff plots 
are intended to graphically demonstrate the similarity or dissimilarity in geochemistry of the two water 
sources. 
 
General Chemistry  
 
Specific Conductance (SC) and Total Dissolved Solids (TDS): 
 
The average concentration of SC and TDS from the artesian wells sampled is 479 microsiemens per 
centimeter (µs/cm) and 233 milligrams per liter (mg/L), respectively (Table 1).  The median concentration 
of SC and TDS from the Morrison Formation wells is 876 µs/cm and 614 mg/L, respectively.  The 
calculated coefficient of variation in SC and TDS from the two water sources is 41 and 644 percent, 
respectively. 
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Fluoride:  
 
The average concentration of Fluoride from the artesian wells sampled is 0.4 mg/L (Table 1).  The median 
concentration of Fluoride from the Morrison wells is 0.6 mg/L (Table 1).  The calculated coefficient of 
variation in Fluoride from the two water sources is 31 percent. 
 
Nitrate:   
 
The average concentration of Nitrate from the artesian wells sampled is 0.02 mg/L.  The median 
concentration of Nitrate from the Morrison wells is 0.4 mg/L (Table 1).  The calculated coefficient of 
variation in Nitrate from the two water sources is 128 percent. 
 
pH:
 
The average pH value from the artesian wells sampled is 9.5 (Table 1).  The median pH value from the 
Morrison wells is 8.2 (Table 1).  The calculated coefficient of variation in pH from the two water sources 
is 10 percent. 
 
General Chemistry Summary 
 
The two water sources have an average coefficient of variation for the general chemistry constituents 
presented of 55 percent (Table 1).  The high discrepancy in the coefficient of variation for nitrate and 
TDS could suggest that the two water sources have different geochemical “footprints” with regard to the 
general chemistry constituents presented in this report. 
 
Major Anions 
 
Alkalinity:
 
The average concentration for Alkalinity (CaCO3) from the artesian wells sampled is 214 mg/L.  The 
median concentration for Alkalinity from the Morrison wells is 200 mg/L (Table 1).  The calculated 
coefficient of variation in Alkalinity from the two water sources is 5 percent. 
 
Sulfate:
 
The average concentration for Sulfate from the artesian wells sampled is 27 mg/L.  The median 
concentration for Sulfate from the Morrison wells is 160 mg/L (Table 1).  The calculated coefficient of 
variation in Sulfate from the two water sources is 101 percent.   
 
Chloride:
 
The average concentration for Chloride from the artesian wells sampled is 10 mg/L.  The median 
concentration for Chloride from the Morrison wells is 8.9 mg/L (Table 1).  The calculated coefficient of 
variation in Chloride from the two water sources is 8 percent. 
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Major Anion Summary 
 
The two water sources have an average coefficient of variation for the major anions presented of 38 
percent (Table 1).  The two water sources have a relatively low coefficient of variation for Alkalinity and 
Chloride, but a much higher coefficient of variation Sulfate.  The major anions discussed above indicate 
that both water sources are Carbonate-dominated waters (due to high Alkalinity (CaCO3).  There is no 
conclusive evidence in the anion data presented to suggest a similarity or dissimilarity in the two water 
sources.  
 
Major Cations  
 
Sodium: 
 
The average concentration of Sodium from the artesian wells sampled is 113 mg/L.  The median 
concentration for Sodium from the Morrison wells is 140 mg/L (Table 1).  The calculated coefficient of 
variation in Sodium from the two water sources is 15 percent. 
 
Calcium: 
 
The average concentration of Calcium from the artesian wells sampled is 1 mg/L.  The median 
concentration of Calcium from the Morrison wells is 14 mg/L (Table 1).  The calculated coefficient of 
variation in Calcium from the two water sources is 123 percent. 
 
Magnesium: 
 
The average concentration of Magnesium from the artesian wells sampled is less than 0.5 mg/L.  The 
median concentration of Magnesium from the Morrison wells is 3.7 mg/L (Table 1).  The coefficient of 
variation in Magnesium from the two water sources is 108 percent. 
 
Potassium: 
 
The average concentration of Potassium from the artesian wells sampled is 0.53 mg/L.  The median 
concentration for Potassium from the Morrison wells is 2 mg/L (Table 1).  The calculated coefficient of 
variation in Potassium from the two water sources is 82 percent. 
 
Major Cations Summary 
 
The two water sources have an average coefficient of variation for the major cations presented of 82 percent 
(Table 1).  The two water sources have a relatively high coefficient of variation in concentrations of the 
major cations compared with the exception of sodium, suggesting that the two water sources have different 
geochemical “footprints” with regards to major cations.  However, it should also be noted that both water 
sources are Sodium-dominated with respect to the major cations compared in this report (both have 
relatively high Sodium concentrations, with lesser concentrations of Calcium, Magnesium and Potassium, 
as described above). 
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Other Metals  
 
Arsenic: 
 
The average concentration of Arsenic from the artesian wells sampled is 0.0048 mg/L.  The median 
concentration for Arsenic from the Morrison wells is 0.02 mg/L (Table 1).  The calculated coefficient of 
variation in Arsenic from the two water sources is 87 percent.   
 
Manganese: 
 
The average concentration of Manganese from the artesian wells sampled is 0.0006 mg/L.  The median 
concentration of Manganese from the Morrison wells is 0.1 mg/L (Table 1).  The calculated coefficient of 
variation in Manganese from the two water sources is 140 percent. 
 
Iron: 
 
The average concentration of Iron from the artesian wells sampled is 0.052 mg/L. T he median 
concentration of Iron from the Morrison wells is 0.6 mg/L (Table 1).  The calculated coefficient of 
variation in Iron from the two water sources is 119 percent. 
 
Other Metals Summary 
 
The two water sources have an average coefficient of variation for the other metals presented of 115 percent 
(Table 1).  In addition, the ionic strengths of the three metals presented are substantially higher in the 
Morrison Formation wells.  This would suggest that the two water sources have different geochemical 
“footprints” with regard to the other metals presented in this report. 
 
CONCLUSIONS 
 
The average coefficient of variation between the concentrations for the constituents presented herein for 
the artesian wells and the Morrison Formation wells is 73 percent (Table 1).  Generally speaking, the 
artesian wells have lower concentrations of general chemistry parameters, major cations, sulfate, and 
other metals than the Morrison wells and relatively similar concentrations of Alkalinity (CaCO3) and 
Chloride (see Table 1).  Both water sources are Sodium Sulfate dominated as illustrated in the stiff plot 
comparison (Figure 3).  However, Figure 3 also illustrates a relatively significant discrepancy in ionic 
strength with regards to Sulfate.  The geochemical comparisons presented in this report do not 
conclusively indicate a similarity or dissimilarity with respect to the geochemical “footprints” of either 
water source. 
 
REFERENCES 
 
Dam, W.L., Kernodle, J.M., Leavings, G.W., and Craig, S.D., 1990, Hydrogeology of the Morrison 
Formation in the San Juan Structural Basin, New Mexico, Colorado, Arizona, and Utah; U. S. Geological 
Survey Water Resources Hydrologic Investigations Atlas HA-720-J, Sheets 1 and 2. 
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Miller Brooks Environmental Inc., 2006, Final Well Impact Report – Revision No. 1, Desert Rock Energy 
Project Four Corners Area, New Mexico, Sithe Global Power L.L.C.; October 5 
 
If you have any questions or concerns, please do not hesitate to contact us at (602) 728-0577. 
 
Sincerely, 
Miller Brooks Environmental, Inc. 
 
 
 
 
Chris J. Courtney, RG, PG 
Office Manager/Associate Hydrogeologist 
 
 
 
 
Stephen P. Flora, GIT 
Project Hydrogeologist 
 
 
 
Attachments:   Table 1 – Chemistry Comparison -Groundwater Produced from the Morrison Formation in 

the San Juan Basin vs. Sanostee Chapter Seeps and Springs Water 
   Figure 1 – Desert Rock Energy Project – Sanostee Chapter Well Monitoring Locations 
   Figure 2 – Stiff Diagrams Sanostee Artesian Wells 
   Figure 3 – Stiff Diagrams Historical Morrison Wells vs. Sanostee Artesian Wells 
   Appendix 1 – Ecosphere Artesian Well Site Descriptions and Field Notes 
   Appendix 2 – Laboratory Analytical Results, Green Analytical Laboratories, Inc. 
 
 
cc: Miller Brooks Project #0684-0001-0001 
 
V:\URS\Desert Rock Energy\684-0001-0001\Sanostee Chapter Sampling\Seeps and Springs Report\Sanostee Water Quality Report Final (1-30-
07).doc 



Table 1
Chemistry Comparison -Groundwater Produced from the Morrison Formation in the San Juan Basin vs. Sanostee Chapter Seeps and Springs

Desert Rock Energy Project, New Mexico

Parameter

Water Quality Data from 1948-1986 (Dam et. al, 1990) Sanostee Water Well Analytical Results, 2006
Coefficient 
of Variation# of samples Minimum Maximum Median 01 02 03 04 05 06 Average

GENERAL CHEMISTRY

Specific Conductance (us/cm) 52 300 6000 876 537 406 494 450 441 545 479 41%

Fluoride 50 0.2 7.7 0.6 1 0.3 0.2 0.3 0.2 0.3 0.4 31%

Nitrate (as nitrogen) 21 0.1 4.5 0.4 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 0.02 128%

Dissolved Solids (TDS) 52 116 5,000 614 255 205 210 220 220 285 233 64%

pH (standard units) 42 6.6 9.4 8.2 9.41 9.5 9.4 9.5 9.5 9.5 9.5 10%

General Chemistry - Average Coefficient of Variation 55%

MAJOR ANIONS

Alkalinity (as CaCO3) 56 10 670 200 226 187 238 214 214 202 214 5%

Sulfate 52 6 3,200 160 50 16 < 10 < 10 < 10 63 27 101%

Chloride 57 1.1 1,200 8.9 < 10 < 10 < 10 < 10 < 10 < 10 10 8%

Major Anions - Average Coefficient of Variation 38%

MAJOR CATIONS

Calcium 56 0.8 550 14 0.8 0.8 2 0.5 0.6 1 1 123%

Magnesium 53 0.1 62 3.7 < 0.5 <0.5 < 0.5 < 0.5 < 0.5 < 0.5 0.5 108%

Sodium 57 43 1,400 140 133 101 115 103 102 121 113 15%

Potassium 56 0.1 24 2 0.5 < 0.5 0.7 0.5 < 0.5 < 0.5 0.53 82%

Major Cations - Average Coefficient of Variation 82%

OTHER METALS

Arsenic 19 0.01 0.21 0.02 0.0005 0.0052 0.0114 0.0027 0.0045 0.0044 0.0048 87%

Iron 41 0.03 20 0.6 < 0.05 < 0.05 0.06 < 0.05 < 0.05 < 0.05 0.052 119%

Manganese 21 0.01 19 0.1 0.0005 0.0005 0.001 0.0006 0.0005 < 0.0005 0.0006 140%

Other Metals - Average Coefficient of Variation 115%

Average Coefficient of Variation for all Constituents 73%

Explanation:
us/cm = microsiemens per centimeter at 25 degrees Celsius
Dissolved constituents are reported in milligrams per liter unless noted otherwise
Radium-226 is reported in Pico curies per liter
< = not detected above the laboratory's lower detection limit (LDL)



Proposed Well Field Alternative
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Figure 2 - Stiff Diagrams 
Sanostee Wells, Springs, and Seeps

September 2006
Desert Rock, New Mexico
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Figure 3 - Stiff Diagrams 
Historical Morrison Wells vs. Sanostee Artestian Wells

Desert Rock, New Mexico
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FID_ Comment Max_PDOP Max_HDOP Corr_Type Rcvr_Type GPS_Date GPS_Time Update_Sta GPS_Height Vert_Prec Horz_Prec Std_Dev Northing Easting Point_ID
01-ghost water 1.89 1.2 Postprocessed Code GeoXT 9/6/2006 0:00 11:39:41am New 1758.63 0.6 0.5 8.50E-05 4036084.33 696303.61 1
02-no name 2.09 1.1 Postprocessed Code GeoXT 9/6/2006 0:00 12:45:01pm New 1751.29 0.6 0.4 1.56E-04 4047215.11 689464.51 2
03-no name 2.2 1.29 Postprocessed Code GeoXT 9/6/2006 0:00 01:21:51pm New 1810.22 0.7 0.5 4.87E-04 4042817.26 689600.24 3
04-no name 3.79 2.59 Postprocessed Code GeoXT 9/6/2006 0:00 01:59:11pm New 1790.44 0.9 0.8 1.61E-04 4040587.84 698255.12 4
05- no name 3.5 1.6 Postprocessed Code GeoXT 9/6/2006 0:00 02:22:36pm New 1699.63 1 0.5 2.85E-04 4041420.55 702950.47 5
06 - redhouse 3.29 1.39 Postprocessed Code GeoXT 9/6/2006 0:00 02:56:36pm New 1668.73 1 0.5 2.26E-04 4044437.6 703189.76 6
06 - redhouse well casing loc 5 1.5 Postprocessed Code GeoXT 9/6/2006 0:00 03:03:36pm New 1671.75 1.6 0.5 5.20E-05 4044415.35 702910.94 7
07-sanostee chapter mesa 3.7 2 Postprocessed Code GeoXT 9/6/2006 0:00 03:37:21pm New 1683.32 1 0.7 3.35E-04 4048543.61 701980.12 8



Site Conductivity (mS/cm) Temp (deg C) Note
01-ghost water 515 22.4 Artesian well. Open flow, no shut off.  Trough runs to pond.  Runs year round. Capped in the 1940's or 1950's.  Known to taste of metallic substance.
02-no name 374 21.9 Hand pump/artesian well.  Trough runs to dry pond. 12/8/15, 10/9/68 engraved on brass monument.  Concrete bunker water tank of unknown storage capacity.
03-no name 452 22.3 Artesian well. Shut off valve engaged.  Valve opened and allowed to flow for 5 minutes before sampled.   Metal trough.  Windmill 3T382 150 feet away.  
04-no name 1828 34.3 Windmill pump/artesian well.  Concrete trough.  Not flowing, windmill locked.  Water trickling at casing.  Field measure taken inside of casing slot, no sample taken.
05-no name 406 26.7 Artesian well. Open flow, no shut off. Trough runs to pond/wetland.  Runs year round.  Known for good potability and livestock watering.
06-redhouse 397 28.7 Artesian well.  Well piped to shut off valve at Redhouse residence.  Drilled to approx 1400 feet in 1979 - info from onsite resident. Steady flow year round with pressure to power large lawn sprinkler.  Sample taken from hose outlet.
07-sanostee chapter mesa 503 28.0 Artesian well.  Open flow, no shut off.  Trough runs to pond/wetland.  Runs year round. 12/5/?2, 7/?/65 engraved on monument at casing.



Ecosphere Artesian Well Site Descriptions 
 
Site 01: Ghost Water Well (Chii dii toh) 
Physical Setting: Site is located on shallow southeast sloped swale. The site is an area with several dirt 
roads that intersect. The site is disturbed with limited vegetation. 
Plant Community: Surrounding plant community is sparsely scattered four-winged saltbush, greasewood 
and alkali saccaton plant community. Disturbed areas have weedy plant species represented by summer 
cypress, false buffalograss, prostrate knotweed and Russian thistle. 
Existing Well Facilities: Perennial artesian well with existing concrete well structure, 2 metal troughs and 
2 overflow ponds nearby. The well provides water for livestock and small mammals. Navajo families that 
live in the region use the well for limited domestic use. 
 
Site 02: Big Gap Well 
Physical Setting: The well is located between the Hogback monoclinal ridge to the east and lateral 
extensive benches and mesas that surround the eastern foothills of Beautiful Mountain to the west. On site 
setting is characterized by a shallow east slope swale. Two large Chinese elm located to the east of the well, 
provides shade for livestock. 
Plant Community: Three distinct plant community types occur within the spring location. The 
northwestern section is dominated by shadscale, New Mexico matted saltbush, broom snakeweed and alkali 
saccaton. The southeastern region is dominated by greasewood and limited alkali saccaton. A narrow 
riparian community exists next to the well housing the community consists of spikerush, aster and 
broadleaf plantain. 
Existing Well Facilities: On the location are 2 metal water troughs, concrete spring housing, hand water 
pump and a large overflow pond to the southeast. 
 
Site 03: Well # T382 
Physical Setting: The site setting is characterized by a shallow southeast sloped swale in a broad open 
region. The site shows signs of sheetflow during excessive rainfall. 
Plant Community: Plant community type within the spring location consists of sparse four-winged 
saltbush, alkali saccaton and Russian thistle. 
Existing Well Facilities: The location has 2 metal water troughs, windmill, 1 large metal holding tank and 
1 taller, smaller volume metal tank elevated several feet above the ground. This tank is utilized for 
domestic water. 
 
Site 04: Well # 20 
Physical Setting: The well is located next to a major dirt road intersection. A homesite is located 500-700 
feet to the north. 
Plant Community: Plant community nearby includes scattered four-winged saltbush, broom snakeweed, 
Greene’s rabbitbrush and alkali saccaton. 
Existing Well Facilities: On the location are a windmill and metal elevated metal with a concrete water 
trough. The elevated tank is used for domestic water. 
 
Site 05: No name or number 
Physical Setting: The well is located on a shallow east sloped swale. 
Plant Community: Vegetation cover type consists of four-winged saltbush, Bigelow’s rabbitbrush, broom 
snakeweed, alkali saccaton and galleta. A narrow riparian community extends to the northeast. 
Existing Well Facilities: On the location are water troughs, well, and overflow pond. 
 
Site 06: No well number or name 
Physical Setting: The well is located next to an existing lawn surrounded by trees. The actual well is 
located approximately 1500 feet to the west. The water is piped down to near several homesites located in 
the immediate vicinity. 
Plant Community: The vegetation cover consists of lawn grasses, weedy forbs, and Navajo willows. 
Existing Well Facilities: On the location is a faucet, sprinkler, lawn and shade trees. 
 
 



 
Site 07: No number or name. 
Physical Setting: The well is located on the north side of a major dirt road. The site is on top of an elevated 
region with gentle slopes away from the well to the north, northeast and south. 
Plant Community: The region surrounding the well is covered by salt desert scrub of matted saltbush, 
Castle Valley saltbush and sparse galleta. The region northeast of the site is and extended wetland with two 
large circular wetlands that occupy a large region before the large overflow pond to the northeast. The 
riparian vegetation cover includes spikerush, wirerush, rabbitfoot grass, alkali saccaton, scratchgrass and 
water speedwell. 
Existing Well Facilities: On the location are wellhead, water trough, plus an extensive wetland to the 
northeast and a large overflow pond to the northeast. 
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Ecosphere Artesian Well GPS locations

FID_ Comment Max_PDOP Max_HDOP Corr_Type Rcvr_Type GPS_Date GPS_Time Update_Sta
01-ghost water 1.89 1.2 Postprocessed Code GeoXT 9/6/2006 0:00 11:39:41am New
02-no name 2.09 1.1 Postprocessed Code GeoXT 9/6/2006 0:00 12:45:01pm New
03-no name 2.2 1.29 Postprocessed Code GeoXT 9/6/2006 0:00 01:21:51pm New
04-no name 3.79 2.59 Postprocessed Code GeoXT 9/6/2006 0:00 01:59:11pm New
05- no name 3.5 1.6 Postprocessed Code GeoXT 9/6/2006 0:00 02:22:36pm New
06 - redhouse 3.29 1.39 Postprocessed Code GeoXT 9/6/2006 0:00 02:56:36pm New
06 - redhouse well casing loc 5 1.5 Postprocessed Code GeoXT 9/6/2006 0:00 03:03:36pm New
07-sanostee chapter mesa 3.7 2 Postprocessed Code GeoXT 9/6/2006 0:00 03:37:21pm New

FID_ Comment GPS_Height Vert_Prec Horz_Prec Std_Dev Northing Easting Point_ID
01-ghost water 1758.63 0.6 0.5 8.50E-05 4036084.33 696303.61 1
02-no name 1751.29 0.6 0.4 1.56E-04 4047215.11 689464.51 2
03-no name 1810.22 0.7 0.5 4.87E-04 4042817.26 689600.2 3
04-no name 1790.44 0.9 0.8 1.61E-04 4040587.84 698255.1 4
05- no name 1699.63 1 0.5 2.85E-04 4041420.55 702950.4 5
06 - redhouse 1668.73 1 0.5 2.26E-04 4044437.6 703189.7 6
06 - redhouse well casing loc 1671.75 1.6 0.5 5.20E-05 4044415.35 702910.9 7
07-sanostee chapter mesa 1683.32 1 0.7 3.35E-04 4048543.61 701980.1 8



Ecosphere Artestian Well Field Notes

Site Conductivity (mS/cm) Temp (deg C) Note

01-ghost water 515 22.4
Artesian well. Open flow, no shut off.  Trough runs to pond.  Runs year round. 
Capped in the 1940's or 1950's.  Known to taste of metallic substance.

02-no name 374 21.9

Hand pump/artesian well.  Trough runs to dry pond. 12/8/15, 10/9/68 engraved 
on brass monument.  Concrete bunker water tank of unknown storage 
capacity.

03-no name 452 22.3
Artesian well. Shut off valve engaged.  Valve opened and allowed to flow for 5 
minutes before sampled.   Metal trough.  Windmill 3T382 150 feet away.  

04-no name 1828 34.3

Windmill pump/artesian well.  Concrete trough.  Not flowing, windmill locked.  
Water trickling at casing.  Field measure taken inside of casing slot, no sample 
taken.

05-no name 406 26.7
Artesian well. Open flow, no shut off. Trough runs to pond/wetland.  Runs year 
round.  Known for good potability and livestock watering.

06-redhouse 397 28.7

Artesian well.  Well piped to shut off valve at Redhouse residence.  Drilled to 
approx 1400 feet in 1979 - info from onsite resident. Steady flow year round 
with pressure to power large lawn sprinkler.  Sample taken from hose outlet.

07-sanostee chapter mesa 503 28.0
Artesian well.  Open flow, no shut off.  Trough runs to pond/wetland.  Runs 
year round. 12/5/?2, 7/?/65 engraved on monument at casing.
































