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CORVERSION FACTORS

In this report, figures for measurements are given in inch-pound units
only. The following table contains factors for converting to metric units.

Multiply inch-pound units By To obtain metric units
inch 25.4 millimeter

foot 0.3048 meter

mile - 1.609 kilometer

acre 4,407 square meter

foot per day 0.3048 . meter per day

foot squared per day 0.0929 meter squared per day
square mile 2.590 square kilometer
acre-foot 1,233 cubic meter

gallon per minute 0.0631 liter per second

Temperature in degrees Fahrenheit (°F) can be converted to degrees
Celsius (°C) as follows:

°C = 5/9(°F - 32).
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GEOHYDROLOGY OF THE AQUIFERS THAT MAY BE AFFECTED BY
THE SURFACE MINING OF COAL IN THE FRUITLAND FORMATION

IN THE SAN JUAN BASIN, NORTHWESTERN NEW MEXICO

By Robert G. Myers and Edward D. Villanueva

ABSTRACT

A monitoring network of 50 wells was installed from 1975 to 1979 in the
surface-minable coal area of the Fruitland Formation in the San Juan Basin of
northwestern New Mexico. The purpose of the network was to collect hydrologic
data and to establish a data base. The hydrologic data consist of water-level
measurements, water chemistry, and selected aquifer characteristics. The four
aquifers considered in this study are: (1) The Pictured Cliffs Sandstone;
(2) coal seams and interbedded lithologic units of the Fruitland Formation;
(3) overburden of the Kirtland Shale and Fruitland Formation; and (4) the
alluvium along the Chaco River and its eastern and northeastern,tributaries.
Five sites were selected for study. Four of these sites, Western Coal
Company's lease near Fruitland, Bisti West, Kimbeto, and Ojo Encino, have
surface-minable coal. The Chaco River alluvium was selected because it is
downstream from anticipated mining activity. The specific conductances of the
representative water samples from selected wells in the 4 aquifers in the
5 study areas ranged from 800 to 23,000 microsiemens per centimeter at
25° Celsius. The dominant cation in all samples was sodium. The dominant
anion varied. The water is brackish in the Pictured Cliffs Sandstone and in
the coal seams and interbedded 1lithologic units of the Fruitland Formationm.
It is fresh to saline in the overburden of the Kirtland Shale and Fruitland
Formation, and fresh to brackish in the Chaco River alluvium.



INTRODUCTION

As a result of the increasing demand for energy, the surface-minable coal
reserves of the Fruitland Formation in the San Juan Basin of northwestern New
Mexico (fig. 1) are being considered for surface mining. These coal reserves
generally are within 250 feet of the land surface. The mining activities
probably will have an effect on the ground-water resources of the area.

The purpose of this report is to summarize ground-water data collected
from a U.S. Geological Survey monitoring-well network in the surfacesminable
coal area of the Fruitland Formation and to describe the geohydrology of the
aquifers. The data includes water—level measurements, water chemistry,
results of aquifer tests, and lithology. The monitoring network includes 50
observation wells. The network was started in 1975 and expanded each year
through 1979. The surface-minable coal in the Fruitland Formation is located
in the Central Basin of the San Juan Basin in parts of San Juan, McKinley, and
Sandoval Counties in northwestern New Mexico. The aquifers considered in this
study area are: (1) The Pictured Cliffs Sandstone; (2) coal seams and
interbedded lithologic units of the Fruitland Formation; (3) overburden of the
Kirtland Shale and Fruitland Formation; and (4) the alluvium along the Chaco
River and its eastern and northeastern tributaries. Five sites were selected
for study. Four of these sites, Western Coal Company's lease near Fruitland,
Bisti West, Kimbeto, and 0jo Encino, are within the surface-minable coal area
(fig. 1). The Chaco River alluvium was selected because it is downstream from
anticipated mining activity.

This study is part of the technical investigations of the Federal coal-
management program conducted in cooperation with the U.S. Bureau of Land
Management. This program formerly was known as the Energy Mineral
Rehabilitation Inventory and Analysis (EMRIA) program.

The climate within the study area is semiarid to arid. Awerage annual
precipitation ranges from 8 to 10 inches. Most of the precipitation occurs in
the late summer and winter months. The temperature ranges from less than 0°
to more than 100° Fahrenheit. Daily temperature variations usually exceed 30°
Fahrenheit.

The topography of the study area 1is characterized by mesas; buttes,
hogbacks, broad open valleys, and badlands with little or no vegetation.
Altitudes range from about 5,300 feet above sea level in the northern part of
the study area to about 10,000 feet above sea level on the eastern tip of the
study area. Most of the area lies between 5,300 and 6,800 feet above sea
level.

The streams in the area are ephemeral except for the San Juan River,
which flows across the northern part of the study area. The perennial flow in
the last 12.5 miles of the Chaco River and in the last 5 miles of Shumway
Arroyo are caused by powerplant effluent.






Many previous investigations within the study area concentrated on the
more productive aquifers that underlie the Pictured Cliffs Sandstone. Peabody
Coal Company, Cherokee and Pittsburg Coal and Mining Company, and Genge
Environmental Consultants, Inc. (1975) briefly mentioned the hydrology of - the
Fruitland Formation and Pictured Cliffs Sandstone in the Star Lake Coal Mine
area of McKinley Countye. Je W. Shomaker prepared several unpublished
consultant reports on the ground-water conditions of the Star Lake Coal Mine
area between 1975 and 1979. Because these reports were not available, it is
not known which reports include the aquifers considered in this<« report.
Lyford (1979) mentioned the Chaco River alluvium and the Cretaceous aquifers
underlying the Pictured Cliffs Sandstone in his report about ground water in
the San Juan Basin. The U.S. Department of Interior, Bureau of Land
Management (1976, 198la, 1981b) presented some data for the Bisti West,
Kimbeto, and Ojo Encino areas. Hejl (1982) described the hydrological studies
within the San Juan Basin. Stone and others (1983) described the hydrogeology
of the San Juan Basin.

Well Location and Humbering System

.The system of numbering wells in this report is based on the latitude and
longitude of the well. The first six numbers are the latitude north of the
equator; the next seven numbers are the longitude west of the Prime Meridian;
and the last two numbers are unique to the designated well to distinguish it
from wells with the same latitude and longitude. The first two numbers of the
well number are degrees of latitude; the third and fourth numbers are minutes
of latitude; and the fifth and sixth numbers are seconds of latitude. The
seventh to ninth numbers are degrees of longitude; the tenth and eleventh
numbers are minutes of longitude; and the twelfth and thirteenth numbers are
seconds of longitude. The fourteenth and fifteenth numbers are the unique
identification number of the designated well. Minute, second, and unique
numbers of one digit are preceeded by a zero. Thus,*®“well number
360849107561801 is located at latitude 36°08'49" N. and longitude 107°56'18"
W The Ol is the unique identification number assigned to this well to
distinguish it from other wells at this location.

The fifteen-digit well number used in this report is also the site-
identification number of the well in the U.S. Geological Survey's Ground-Water
Site Inventory (GWSI) File. This file is one of several files in the Water
Data Storage and Retrieval System (WATSTORE). The system is used to manage
hydrologic data. The GWSI File is cross—referenced with the Water Quality
File and the Daily Value File. GWS1 data include site 1location, site
identification, geohydrologic characteristics, well-construction history, and
one=time field mneasurements. Thus, the well number (WATSTORE site-
identification number) in this report can be used to access data from the
WATSTORE files.

Wells in the report are referred to by a l- or 2-digit number in the
figures, tables, and text. These numbers are cross—indexed with the fifteen-
digit well numbers in the tables of records of observation wells.



GEOHYDROLOGY

Regional Setting and Geologic Hiéto:y

The San Juan Basin is on the eastern edge of the Colorado Plateau. The
plateau uplift probably occurred during late Tertiary time. The plateau is
characterized by widespread uplifts, structural basins, and monoclines. The
San Juan Basin (fig. 2) is an asymmetrical, almost circular, northwest-
trending structural basin formed during the Late Cretaceous and early
Tertiary. The dip of the southwestern limb of the basin is gently sloping;
the dip of the northeastern limb is very steep. The study area is “located
along the western and southern edge of the Central Basin and includes parts of
the Hogback Monocline and Chaco Slope (fig. 2).

The San Juan Basin contains rocks ranging in age from Cambrian to
Holocene (fig. 3), which have a combined thickness of as much as 15,000
feet. The Late Cretaceous intertonguing marine and nonmarine sedimentary
rocks were deposited during the three ma jor basin-wide cycles of transgression
and regression of an epicontinental sea (Fassett and Hinds, 1977). In
addition, there were many minor cycles of transgression and regression.

‘During the Late Cretaceous, the epicontinental sea, known as the Pictured
Cliffs Sea, begdn its final withdrawal from the San Juan Basin. The last
ma jor regression of the Pictured Cliffs Sea was toward the northeast across
the basin. Therefore, the Upper Cretaceous formations are younger from the
southwest toward the northeast.

Four major depositional environments are associated with the Pictured
Cliffs Sea regression (Beaumont, 1971). These environments produced marine
and nonmarine sedimentary rocks that are gradational with adjacent units. The
four environments are marine offshore, marine beach and nearshore, coastal
swamps, and flood plains. e

The offshore (sublittoral) deposition consisted of mud with streaks of
fine-grained sand, silt, and limestone. These deposits are represented by the
Lewis Shale. This formation underlies the Pictured Cliffs Sandstone, the
oldest formation considered in this report.

The beach and nearshore (littoral) deposition in the study area consisted
of moderately clean sand with streaks of mud and silt. This depositional
environment also included the supralittoral beach sand and the mud in
estuaries and lagoons. These deposits are represented by the Pictured Cliffs
Sandstone.

The coastal-swamp deposition consisted of variable organic material,
organic-enriched mud and silt, and the occasional accumulation of brackish-
water pelecypod shells. Deltas, estuaries, and open lagoons 1in this
environment interrupted local deposition, resulting in horizontally
discontinuous coal deposits. These deposits are represented by the Fruitland
Formation.
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Figure 9.--Water-level measurements from observation wells completed in coal

seams and interbedded lithologic units of the Fruitland

Formation.
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Overburden of the Kirtland Shale
and Fruitland Formation (Late Cretaceous)

The Kirtland Shale overlies the Fruitland Formation and underlies the
Tertiary Ojo Alamo Sandstone. The contact between the Fruitland Formation and
Kirtland Shale is at the top of the highest coal or carbonaceous—shale bed in
the Fruitland Formation (Fassett and Hinds, 1971). The contact between the
Kirtland Shale and Ojo Alamo Sandstone is gradational and arbitrary. Fassett
and Hinds (1971) reported that a disconformity between the Kirtland Shale and
Ojo Alamo Sandstone, which is based on subsurface evidence, is inconclusive in
surface exposures. The Kirtland Shale is divided into a lower shale member, a
Farmington Sandstone Member, and an upper shale member (Molenaar, 1977). The
lower member predominantly is gray shale with some beds of siltstone and
sandstone. It is sometimes difficult to distinguish the sandstone of the
Farmington Sandstone Member from the upper shale member. Therefore, Fassett
and Hinds (1971) included the Farmington Sandstone Member as part of the upper
shale member. The Farmington Sandstone Member and upper shale member are
composed of interbedded sandstone lenses and shale. The shale in the lower
part of the Farmington Sandstone Member and wupper shale member is
lithologically similar to the shales of the lower member (Fassett and Hinds,
1971). The upper shale member is composed of white, gray, green, and purple
shales. Locally, conglomerate is present in the purple shales in the western
and southwestern parts of the San Juan Basin. There is a greater percentage
of sandstone in the Farmington Sandstone Member and upper shale member in the
northern part of the San Juan Basin. The thickness of the Kirtland Shale is
less than 250 feet within the study area. o

Eight observation wells are completed in the overburden of the Kirtland
Shale and Fruitland Formation (fig. 11, table 5). Water—level measurements
for the period of record are shown in figure 12.

The results of water-chemistry analyses are shown in table 6. The water
is fresh to saline. The specific conductance of the representative water
samples ranges from 1,180 to 23,000 nicrosiemens (a calculated sum of
approximately 730 to 11,000 milligrams per liter of dissolved solids). The
dominant cation in all samples is sodium (fig. 13). The dominant anion is
bicarbonate for samples with specific conductances 1less than 5,000
microsiemens (fig. 13). The dominant anion for samples with specific
conductances greater than 5,000 microsiemens is chloride or sulfate.

Alluvium along the Chaco River and the Tributaries
to the East and Northeast (Quaternary)

The alluvium along the Chaco River and the tributaries to the east and
northeast overlies Cretaceous sedimentary rocks of the San Juan Basin. The
alluvial £f111 is composed of laterally discontinuous, vertically diverse beds
of varying amounts of gravel, sand, silt, and clay derived from the bedrock
outcrops within the drainage basin. The thickness of the alluvial £ill
generally is less than 50 feet (Lyford, 1979), although a thickness of 112
feet in Chaco Canyon was reported by Ross (1978).
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Eighteen observation wells are completed in the alluvium along the Chaco
River (table 7; fig. 14) and six observation wells were completed in the
alluvium of tributary washes or arroyos east and northeast of Chaco Wash and
Chaco River. Three of the wells (15, 43, and 48) in the alluvium were
equipped with continuous water—-level recorders for a time. Water-level
measurements for the period of record are shown in figure 15. Water levels in
the wells generally rise in the winter and spring during the period of 1low
evapotranspiration and recharge from snowmelt runoff. The water levels in
wells begin to decline with the increase of evapotranspiration during the
summer. The lowest levels occur during the fall when there is little or no
precipitation. Short-term increases of the water levels in the wells next to
the wash or river channel occur during peak runoff caused by snowmelt or
precipitation.

The results of water—chemistry analyses are shown in table 8. Well 48 is
affected by recharge from the perennial river flow caused by powerplant
effluent. The effluent water originally is diverted from the San Juan River,
which causes the analyses of well 48 to be anomalous. The water in the Chaco
River alluvium is fresh to brackish. The specific conductance of the
representative water samples from wells in the Chaco River alluvium ranges
from 800 to 3,580 microsiemens (a calculated sum of approximately 550 to 2,400
milligrams per liter of dissolved solids). The specific conductance of water
samples from alluvium along tributaries ranges from 1,340 to 10,000
microsiemens (a calculated sum of approximately 890 to 8,800 milligrams per
liter of dissolved solids). The dominant cation in all samples is sodium
(figs. 16 and 17). The dominant anion in the samples from the Chaco River
alluvium is bicarbonate or sulfate (fig. 16). Sulfate concentration increases
downstream as the specific conductance increases. The dominant anion in the
samples from the alluvium in the tributary washes and arroyos is sulfate,
except for the sample from well 9, in which bicarbonate and sulfate are
dominant (fig. 17). Sulfate 1increases with an increase in specific
conductance. The water samples from wells in the alluvium in the tributary
washes and arroyos are similar to those from the Kirtland Shale and Fruitland
Formation overburden, except for well 48 near Fruitland (fig. 14), which has a
slightly larger concentration of chloride. '

All of the casing of the wells in the Chaco River alluvium is made of

wrought iron. The dissolved-iron concentration in these wells fluctuates
depending on the sampling technique.
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EXPLANATION CHEMICAL CONSTITUENTS
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WELL / Ca - Calcium
39 Mg - Magnesium -
330 Na+K - Sodium + Potassium
C03+HC03-- Carbonate +
\\ Bicarbonate
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Figure 16.--Representative chemical anayses of water from selected wells
completed in the alluvium along the main channel of the

Chaco River.
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Figure 17.--Representative chemical analyses of water from selected wells
completed in the alluvium in the tributary washes and arroyos

east and northeast of the Chaco River.
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SUMMARY

A monitoring network of 50 wells was installed in the surface-minable
coal area of the Fruitland Formation from 1975 to 1979. The purpose of the
network was to collect hydrologic data and to establish a data base. The
hydrologic data consist of water-level measurements, water chemistry, and
selected aquifer characteristics. The specific conductance of the
representative water samples from selected wells in the 4 aquifers in the
5 study areas ranged from 800 to 23,000 microsiemens. The dominant cation in
all samples was sodium. The dominant anion varied. The water is brackish in
the Pictured Cliffs Sandstone and in the coal seams and interbedded lifhologic
units of the Fruitland Formation, fresh to saline in the overburden of the
Kirtland Shale and Fruitland Formation, and fresh to brackish in the alluvium
along the Chaco River and its tributaries to the east and northeast.
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