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ABSTRACT

The Nations Draw area is located just north of the town of
Quemado in a sparsely populated portion of west-central New Mexico
approximately twenty miles east of the Arizona border. Comprising
part of the headwaters of the Little Colorado river system, Nations
Draw is an ephemeral stream with a drainage area of nearly 230 mi?
which flows westerly across the center of the study area. Much of
this region is part of the Salt Lake coal field, which is located
within a southern extension of the Z%uni Basin. Substantial measured
and inferred coal resources exist within the Moreno Hill Formation
(Cretaceous) in this as yet unmined field. Mining is currently
planned by the Salt River Project for a lease area within the Natioas
Draw basin. No comprehensive conceptual hydrogeoiogic model has been
formulated to assist mine. planners and regulatory personnel in
decision méking. The pufpose of this report is to compile, analyze,
and interpret existing data and develop such d model for the Nations
Draw area in yeneral and for the Salt River Project's Fence Lake

Leasehold in particular.

Because of the scmiarid climate, ground water ig the major source
of water. Principal near-surface aquifers consist of Quaternary
alluvium and fluvial sandstones within the Béca Formation (Eocene) and
the Moreno Hill Formation. Most water wellsg in the area have been
completed in these units and yield variable awmounts of water. Deeper,
more extensive Cretaceous sandstone aquifers include the Atarque
Sandstone and three tonyues of the Dakota Sandstone  (I'wowells,

Paguate, and Main Body) interbedded with three tongues of the Mancos



Shale.

The occurrence of significant ground water within these deposits
is controlled by the location and geometry of the relatively permeable
alluvium and sandstone bkodies. 1In the case of the alluvium, these
factors are in turn controlled by the Quaternary geologic history of
the area. Sandstone location and geometry are influenced by
depositional environment and postdepositional history. Lenticular
Moreno Hill sandstone channels within the leasehold vicinity yield
relatively large amounts of ground water where extensively fractured.
Recharge occurs mainly as transmission loss from ephemeral stream-
flows. The regional pattern of horizontal and vertical ground-water
flow is controlled primarily by topoyraphy. Flow is roughly east to
west in correspondence with the surface system. Geologic structure
and the geometry and distributién OF high hydraulic,conductivity ZOnes
exert an influence both regionally and locally on vertical flow
patterns. Ground-water discharge does not generally occur at the
surface in this area except from perched zones of limited extent. The
major controls on ground-water guality are residence time and order of
encounter with sedimentary minerals. Dissolved ion concentrations are
dominated by sodium and bicarbonate and have specific conductances of
legs than 2000 micromhos/cm, indicating relatively young ground waler
flowing through abundant shale. FPFurther hydrologic monitoring within
the lease area should concentrate on guantifying the effects of
channel sandstone aquifers on vertical gradients and on the

possibility of vertical [low within the alluvial aquifer.



INTRODUCTION

Location and purpose of study.

The Nations Draw area is located in west-central New Mexico
along the border of Catron and Cibola counties. Located within
the Little Colorado river drainage‘basin and covering eight 7.5
minute topographic quadrangles, it includes the entire course of
Nations Draw and part of the course of Largo Creek. Quemédo is
situated 3 mi to the south and Fende Lake is just 2 mi to the
north. %Zuni Salt Lake is located just béyond the western
boundary of bthe area along New Mexico state highway 32 (Figure
1) . Much of the area is within the Salt Lake coal field, which

is located within a southern extension of the Zuni Basin.

A cooperative gurface mapping . and subsurface exploration
project éovering 8 quadrangles was conducﬁed in the coal field by
the New Mexico Bureau of Mines and Mineral Resocurces (NMBMMR) and
the U. 8, Geological Survey (USGS) from 1979 to L1982 to describe
tlhie Cretaceous stratigraphy and coal resources of the area. Much
of this work, which encompasgses foughly the northern half of the
field, has been summarized by Campbell and Roybal (1984). Tﬁeir
report, plus those by Campbell (1981) and Roybal (1982), indicate
significant coal-resource potential in the eastern part of the
field. Concurrent exploration programs by severai coal lease
holders, including the Salt River Project (8SRP), have further

delineated potential surface coal mining areas.
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Although a substantial amount of baseline geologic and
hydrologic data has been collected in this region, little
hydrologic information has been published. No comprehensive
conceptual hydrogeologic model has been formulated to assist mine
planners and regulatory personnel in decision making. The
purpose of this report is to compile, analyze, and interpret
existing data and develop such a model for the Nations Dréw area
in general and for the Salt River Project's Fence Lake leasehold

in particular.
Sources of data.

i
l
|
The data base can be divided into two groups. The largest
portion consists of coal exploration and groundwater monitoring
data gathered by SRP on the Fence Lake leaschold. The second
group is genefally derived from sources other than SRP. This is
composed of surface geologic data, drill logs, and water well
|
|

information collected throughout the project area.

Locations have been referred to in this study according to |
the Public Land Survey System (townéhip, range, and section) as

used by the New Mexico State Engineer (Figure 2). Due to the

abundance of data points located within the same section, each
drillhole, water well, spring, and monitoring well used has been
assigned a unique acceésion number . Numberiﬁg begins with the
lowest township and range present within the area and ends with

the highest. The only exceptions to this procedure are data



well 5,10 24 213

Figure 2, New Mexico well numbering system; well
indicated by dot would be numbered 5.10.24.213.



points 279, 280, and 28l, which were obtained late in the study.
Plate 1 displays data point locations along with corresponding
numbers. Accession numbers missing from Plate 1 aré assdciated
with confidential drill holes which were used but not plotted.
Note that existing or abandoned water wells or springs which were

not inventoried are shown without an accession number.

The Salt River Project's exploration and monitoring well

data specific to the Fence Lake leasehold include:

~drilling records, lithologic logs, and geophysical 1695

from 79 coal exploration holes

~construction details, water levels, water‘quality analyses,
and results of pumping and slug tésts Erom'23 grdundwater
monitoring stations. Thirteen of these consist of multiple
monitoring or observation wells while the rest consist of a
single monitoring well. Station names‘havé beén'ieferred to in
the same manner as that used by Seifert gnd Greehberg (1985) and
SRP (1986);‘followed by accession.nuﬁber and location in
parentheses.. Monitoring and observ&tidn‘wells were
differentiated by using M and OB as suffixes, resPectively..
Stations with multiple wells were‘assigned a sinéle accession
nunber due to the close spacing .(usually less than 50 ft) of
wells. The only exceptions are water supply well FL-30 (196,
4.16.30.421) and observation wells FL30-0B1 (197, 4.16.30.421)
and FL30-0B2 (198, 4.16.30.422)...These were each assigned

separate numbers because the two observation wells are located



237 ft and 603 ft from FL-30, respectively. Analyses of samples
from some of these wells, in addition to construction and
development methods, were published by Seifert and Greenberg

(1985) .

-drilling details, construction methods, water qguality
analyses, and aquifer-test results from two water production
wells., This information was discussed in detail by Salt River

Project (1983).
Other data sources are listed below.

~Geologic maps of the following USGS 7.5' topographic
quadrangles: Fence Lake SW (Landis et al., 1985), Cerro Prieto
(Campbell, 1981), Techado and Veteado Mountain (Arkell, 1984a and
1984b), Lake Armijo (eastern half, Roybal, in preparation),
Tejana Mesa (Roybal, 1982), parts of Techado, Tejana Mesa, and
Mariano Springs (Guilinger, 1982), Mariano Springs and Adams
Diggings (Willard, 1957). These maps have been combined and

presented on a single sheet as Plate 2.

~Lithologic and geophysical logs of 56 holes drilled by the
NMBMMR and several private companies other than the Salt River
Project. Five of these are petroleum exploration holes.
Bighteen other holes were confidential and are not identified in

appendices or on plates.



-Water well inventories conducted by the USGS, the U. 8.
Department of Energy (DOE), the U. 8. Bureau of Land Management

(BLM) , and the NMBMMR.

The USGS inventory is part of an on"goiﬁg evaluation of
water regources in Catﬁon and Cibola counties. Two separate DOE
surveys (Maasen, et al., 1980, and Morgan, et al., 1980) were
conducted iﬁ the area as part of the National Uranium Resource
Evaluation (NURE). Field analyses OE‘well waters throughout the
area were obtained from Maasen et al., while more complete
chemical ahalyses were made in the latter study. Analyses of
samples from data points 86 (3.17.08.141), 140 (3.18.22.232), and
265 (418.28.211) were published by Levitte and Gambill (1980).
The BLM déta, which consist of well cbnstruction and water level
information as well as several driil logs, resulted from a
compilation of records made by the Soil Conservation Service and
from field work by BLM personnel. Water well recdrds, driller's
logs, and:analyses of wéter samples collected by the Salt River

Project (SRP, 1982, and SRP, 1983) were also used.

Watef well records and spring information, aiong with the
‘corresponding data sources for each, are listed in Appendix 1.
Lists of exploration drillholes, monitoring well construction and
water level data, and laboratory and field water quality analyses
are presented in Appendices 2 throhgh 6. Léb analyses with'iess
than aor eqﬁal to 5 percent error in their cation-anion balances

were plotted on trilinear diagrams. Those water well drill logs



which were not listed in Appendix B of SRP (1982) are included in
Appendices 7 and 8 for inventoried and non-inventoried wells,

respectively.

Geophysical log interpretation techniques used were those
described by Pirson (1977), Selley (1978), and Schlumberger
(1972) . Most of the logs interpreted are of the type commonly
used in coal exploration. These are natural gamma, apparenﬁ
density, caliper, and single point resistance or resistivity
logs., Self-potential (sSP) and neutron logs had also been run for
a few test holes. Electric logs from the petroleum test wells
consist of a combination of either SP and resistivity (short and
long normal plus 18', 8" lateral), or dual induction (laterolog
resistivity plus induction). Foster (1964) provided
interpretations of two of these logs (28, 2.16.11.222; and 69,
3.16.06.231). Parts ol several logs were compared with
descriptions of available cored intervals from the NMBMMR
studies. 1In addition, Campbell and Roybal (1984) described
characteristic log signatures of Cretaceous strata within the

area.



REGIONAL SETTING

Physiography and climate.

The Nations Draw area straddles the border of two
physiographic divisions (Hawley, 1982). Most of the region is
within the Zuni-Acoma section of the Colorado Plateau Province.
The southeast third is within the Datil-Mogollon Section, which
is a transition zone between the Colorado Plateau and the Basin
and Range Province. The Navajo section of the.Colorado Plateau,
which is typified in this region by Mesozoic oﬁtcrops without
late Cenozole volcanic influence (John Hawley, personal
communication, 1986), is represented only along the west-central

border of the area.

Topography ranges from broad, flat alluvial valleys through
rugged uplahds to gently sloping mesa tops. The slopes of Santa
Rita Mesa and Flattop Mesa in the northwest, Cerro Blanco in the
north, and Téjana Mesa and Mariano Mesa in the south form steep
escarpments of up to 400 £t in height. Generally, however, the
land surface riseg gradually in an easterly direction. The
lowest elevation ig at the western edge of the area, along Largo
Creek near Zuni Salt Lake, at approximately 6,340 ft. The
continental divide passes through the easﬁern third of the study
area at elevations ranging from 7,500 to 8,270 ft, forming the
topographic divide between the west-flowing Largo and Nations

drainages and the broad, gently sloping North Plains region. The
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highest point in the area (8,525 ft) is located just northwest of
the divide at the peak of Veteado Mountain, a volcanic neck
situated in the northeast. Four other volcanic necks (Cerro
Prieto, Techado Mountain, El Portocito, and Eagle Peak) are

within the Largo/Nations drainages.

Roughly 80 percent of the land surface is drained by Largo
Creek and two of its tributaries. Nations Draw (termed Hubbell
Draw in its upper reaches) is the largest tributary. It has a
drainage area of approximately 227 miz, almost all of which
is within the project area. Rito Creek, which joins Largo Creek

at Quemado, drains approximately 52 mi2 in the southeast.

The climate is arid to semiarid with annual precipitation
alb Quemado and Fence Lake usually varying between 9 and 15 inches
(Johnson, 1985; Morris and Haggard, 1985). Half of the vearly
total is associated with thunderstorms during the summer wmonths.
Annual precipitation generally increases approximately 4 inches
for every 1000 ft increase in elevation. Potential evaporation
is roughly 3 times the rainfall rate at 31.04 inches (Gabin and

Lesperance, 1977).

Five of the nine general soil map units described by Johnson
(1985) occur in the Catron County portion of the study area.
These are the Catman-Manzano-Hickman, Cabezon-Datil-Hubbell,
Celacy-Datil-Typic Ustorthents, Penistaja-Veteado, and
Tolman~Smilo-Pleioville soils. The last two are very minor in

extent, having been mapped only in the northeast near Veteado
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Mountain.

Geology

The contact between Upper Cretaceous and Tertiary rocks
passes through the area trending roughly southwest-northeast
(Plate 2). Fluvial and volcaniclastic rocks of Eocene and
younger age overlie the Cretaceous deposits south and east of
this boundary. Volcanic and hypabyssal rocks have been extruded
onto and emplaced within these rocks since the Oligocene period

(Guilinger, 1982).

The deep petroleum wells located in the area have penetrated
Tertjary, Cretaceous, Triassic, and Permian sedimentary fock,
reaching the Precambrian at depths ranging from 4008 ft in
drillhole 223 (4.17.08.242) to 5930 ft in hole 2 (2N.14w.02.114).
General relationships between these units are portrayed on Plate
3 as hydrogeologic crogs section A-A'. This section was drawn

roughly parallel to the gentle southeastward regional dip.

Outcropping Upper Cretaceous strata were first described in
this region by Herrick (1900), who noted the presence of coal
seams throughout the Zuni Basin area. Shaler (1907) noted coal
outcrops in the Cerro Prieto area and assigned the section to the
"Upper Mancos Shale". More recently, Roybal and Campbell (1981),
McClellan et al. (1983), and Campbell (1984) have discussed the

nomenclature, stratigraphy, and depositional environments of
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these rocks. 1In ascending order, they include the Twowells
Tongue of the Dakota Sandstone, a marine shoal deposit; the Rio
Salado Tongue of the Mancos Shale, an offshore marine deposit;
the Atarque Sandstone, a regressive beach deposit; and the
nonmarine Moreno Hill Formation, consisting of low gradient,
meandering fluvial sequences of sandstone, mudstone, carbonaceous
shale, and coal. Hook et al. (1983) described the lateral
relationships between these units and others of similiar age to
the north and east, “The Atarque and Moreno Hill section is
stratigraphically equivalent to the Tres Hermanos Formation,
Gallup Sandstone, and Crevasse Canyon Formation. A nomenclature
change occurs at the landward pinchout of the Pescado/D-Cross
tongue of the Mancos Shale, which separates the Tres Hermanos
frow the Gallup. It is believed that this change should occur in
the southeastern portion of the study area. The distinctive
signatures of a regressive beach sand (Galldp) overlying a thin
marine shale (D-Cross) are apparent on the geophysical log of
drillhole 2 (2.14.02.114). No other subsurface data are
available in this area, however, so a precise location of where

the nomenclature change should be applied is not possible.

These strata were uplifted slightly and eroded during the
Lavawide orogeny. A wet climate weathering profile (pedalter)
subsequently developed on the exposed beds. This paleosol, ot
'oxidation zone' is found in a 25 to 150 ft thick interval
immediately beneath the erosional contact with the Baca Formation

of Eocene age (Chamberlain, 1981; Guilinger, 1982). The Baca
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containg sequences of interbedded claystone, siltstone,
sandstone, and conglomerate of braided alluvial and lacustrine
origin deposited in a structural basin that developed during late

Laramide time (Cather and Johnson, 1984).

Volcaniclastic sediments of the Spears Formation (early
Oligocene) were deposited conformably on the Baca. During the
late Oligocene a series of northwest trending basaltic dikes were
intruded along a regional fault system (Arkell, 1984b). Some of
these dikes are present en echelon in the northeastern portion of
the project area, extending from near Adams Diggings to the
northeastern corner of the Cerro Prieto quadrangle (Plate 2).
Subsequent to the dike emplacement the Spears and older
formations were tilted slightly to the southeast and eroded by
northwest flowing streams which deposited the Fence Lake
Formation (Miocene). The Fence Lake is a fluvial sequence of
sandstones and conglomerates derived from the Spears and from
basalt flows associated with the dike system (McClellan et al.,

1982; Guilinger, 1982).

'The gentle (less than 59) south and southeastward
regional dip is interrupted in places by folds and flexures
associated with Cenozoic volcanism. This is evident in the area
around Cerro Prieto where several folds of less than 10© dip

were recognized by Canpbell (1281) and Roybal (1982).
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A northeast trending zone of high-angle normal faults and
volcanic structures is present in the south-central portion of
the Nations Draw area. Guilinger (1982) named this the Tejana Mesa
Fault Zone and recognized three Pliocene volcanic episodes
associated with it. The major fault, which Guilinger mapped and
projected from Tejana Mesa northeast across Hubbell Draw to
section 28, T4N, RLSW, is reported to have 250 ft of
stratigraphic throw. He noted that this fault zone, as well as
the alignment of a large number of volcanic necks and vents in
the region, is parallel to the Jemez lineament described by
Laughlin et al. (1978). ‘fThere may be other southwest-northeast
trending fault or fracture zones of a regional nature in the
area. In fact the Nations Draw valley itself has this trend from

its Junction with Largyo Creek to Cerro Prieto.

Hydrology

This area is part of the Carrizo Wash watershed which meets
the tittle Colorado River north of St. Johneg, Arizona. Largo
Creek and Nations Draw flow through tlie region in roughly
northwestward and westward directions, respectively. Largo Creek
is intermittent approximately 6 mi south of Quemado as it flows
north from the Gallo and Mangas Mountains. Tt is ephemeral by
the time it reaches the town, however, as are all other streams
within the project area. El Portocito nearly bisécts the

alluvial valley of Largo Creck approximately 4.5 mi downstream



from Quemado. Small surface flows of less than 1 gpm have been
noted within the meandering alluvial channel just upstream

of the volcanic-rock outcrop. This area appears limited

to within approximately 0.25% mi of El Portocito and is the only
known intermittent stream segment in the project area. Surface
flow is predominately due to runoff from thunderstorms and
snowmelt. Ranchers have dammed up portions of many of the
arroyos to reduce erosion and form temporary stock-watering

ponds.

Groundwater is the most abundant source of domestic and
stock water. Perched aquifers within the hills and larger mesgas
provide a limited supply via springs and wells. Depth to the
regional water table ranges from less than 20 ft in the western
valleys of the wmajor draws to more than 900 ff at the highest

points on Mariano and Tejana mesas.

Two contour maps of the regional water table were
constructed using the available drillhole, static water level and
well construction data. Plate 4 is an approximate map of the
regional water table in the Nations Draw area. Plate 5 is a more
detailed map of the regional water table in the vicinity of the
Fence Lake leasehold. Five assumptions were made in constructing

these maps:

(1) The regional water table is a smooth, continuous surface

that exists everywhere below the ground-surface elevation,
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{2) Static water levels in Salt River Project monitoring
wells which are within the screened interval represent the

water~table elevation.

(3) Unless it is constructed solely within a perched
aquifer, the elevation of the bottom of a well is less than the

water-table elevation.

(4) Water-invasion depths noted on water well and coal
exploration drill logs are below the water-—-table elevation,

unless perched.

(5) The water-table gradient is always equal to or less than

the topographic gradient.

From these maps 1t can be readily seen that shallow
groundwater flow patterns generally mimic the topography.
Groundwater divides roughly coincide with the surface drainage
divides and flow is toward the major draws. Recharge areas occur
in the uplands near divides as well as along slopes and in the
upper reaches of dry arcoyos. Discharge areas are limited to
downstream portions of the major drawsg and localized areas where
flow conditions near the water table are influenced by subsurface
permeability variations. The water-table contours suggest that
the Nations Draw and Largo Creek valleys are, at least near the
surface, separate groundwater basins. ‘'he Fence Lake lease area
straddles the center of the Nations Draw basin. The southern

portion, in T3W, is located in an area where groundwater flow is
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mainly to the northwest., The northern group of leased sections,
in T4N, are situated where ground-water flow from the southeast,

east, and north converges on the Nations Draw valley.

With the exception of aquifer testing of the Cretaceous
strata and alluvium in the lease area, hydrologic properties
have not been measured in this region. Values from similar
formations in other areas are given where available from the
literature. Due to the abundance of fine-grained materials in
these units, hydraulic conductivity is usually low. Higher
values would be cxpected in sandstones and unconsolidated

alluvium.
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HYDROGEOLOGIC CHARACTERISTICS OF STRATIGRAPHIC UNITS

This chapter summarizes the geologic and hydrologic
characteristics of each of the units that crop out in the Nations
braw area (Plate 2). Outcrop pattern, lithologic makeup, and
total thickness are described for each, If applicable, saturated
thickness and aquifer characteristics are also discussed. Facies
relationships are reviewed for important water-bearing units.

The number of wells and/or springs known to be completed or
issuing from each unit is given as well as walber chemistry
information. Completion data on domestic and stock wells are
mostly lacking. Only wells with known depths have been
associated with particulac aguifers. Units are discussed in

descending order, as they would be encountered during drilling.

Basalt and Colluvium (Quaternary)

The southernmost portion of a large Quaternary basalt flow
is present along the northern border of the Veteado Mountain
quadrangie and also as a small outlier on Santa Rita Mesa. Arkell
(1984b) described it as highly vesicular with a grayish-black
color and an aphanitic texture. The average thickness in this
area is not known, however, Campbell (1981l) reported an average
thickness of 60 to 70 ft on The Dyke quadrangle. Colluvium of
unknown thickness is shown on Plate 2 overlying the Moreno Hill

Formation on the slopes of Cervo Prieto and the Baca Formation on
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the flanks of Techado Mountain. These deposits, as well as the
basalt flow, are well above the regional water table and not

asgociated locally with any wells or springs.

Alluvium (Quaternary)

Unconsolidated alluvium occurs within and adjacent to
ephemeral streawm channels. These deposits consist mainly of
fine-grained sand, silt, and clay with lesser amounts of coarse
sand and gravel. Alluvium is thickest within the major valleys.
The maximum known thickness is 190 ft near the confluence of
'renches and Nations Draws. Observation well 198 (4.16.30,422)
is located in the center of the Nations Draw buried valley and is
200 ft deep. However, no log is available for this well and it
is not clear whether it was completed solely in alluvium or
partially in bedrock. 1In any case, it is reasonable to assume
that alluvial fill downstream in the Nations and Largo Creek
valleys reaches at least this and possibly a greater thickness.
Plates 6, 7, and 8 are maps of alluvium thickness, buried bedrock
elevation, and saturated alluvium thickness in the Fence Lake
leasehold area. These maps show buried valleys located near the

centers of the alluvium outcrop areas.

Drilling near Nations and Tejana draws indicated a similar
stratigraphy for the unconsolidated sediments of these valleys
(SRP, 1983). An upper layer of light brown sand and sandy clay

ranges from near 0 to more than 130 ft thick., This zone often
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includes gray, sticky clay at its base. Beneath this is a layer
of coarse sand and gravel. The gravel is composed of volcanic
cinders near the top and large, angular rock fragments near the
bottom. Maximum observed thickness of this coarse layer is
approximately 79 ft at hole 169 (4.16.20.432). A relatively thin
interval of very fine grained alluvium or weathered rock cften
separates the gravel from consolidated bedrock. Plates ¢ and 10
depict the elevation of the top and thickness of the sand and
gravel layer. These maps contour the coarse basal layer logged
in drillholes located in both deep (buried valleys) and shallow
{outside buried valleys; alluvium. The basal layer 1s not
necessarily continucus between these areas but it is assumed to

be continuocus within the buried valleys.

Saturated alluvium probably liec in the centers of Nations
Draw and Largo Creek valleys throughout this regicon. Depth to
the regional water table ranges from less than 20 £t in the
downstream valleys to approximately 80 f& in the upland parts of
Frenches and Nations Draws. Saturated thickness isopachs of the
sand and gravel layer in the leaseh¢ld area are shown on Plate
11. Appreciable thicknesses occur mainly within and on the

flanks of the buried valleys.

The Salt River Project has completed one production well
(196, 4.16.30.421) and seven observation and monitoring wells in
the sand and gravel within the FPence Lake leasehold (Appendix 3).

A 15-day yield of 200 gpm has been reported for the production



well., Specific capacity 1s 5.7 gpm/ft (based on a pumping rate
of 350 gpm for 1 hour). fTransmissivity and storativity esgtimates
using the Cooper et al. {(1967) slug test method and the punp

test methods of Theisg, Jacob's time-drawdown, and recovery
analysis (described by Lohman, 1972) were provided by SRP with
the unpublighed monitoring well data. Aquifer parameters
determined for well 196 using distance-drawdown procedures were

also presented by SRP (1983).

When measurements are made only at.the pumping well, the
recovery test method is considered superior to the Theis and
Jacob time-drawdown techniques. Becahse of the well~loss effects
on drawdown measurements in pumping wells, it is very difficult
vto recognize behavior due to partial penetration, leakage,
boundary effects, and gravity drainage in unconfined situations.
Thus, only results of recovery analyses have been included in

this report for single-well pumping tests.

Appendix 9 liste results of agquifer tests for monitoring
wells screened in alluvium., Horizontal hydraulic conductivity
(Kxy) estimates were made by dividing each.transmissivity value
by the aguifer thickness or the thickness of the gravel pack if
the well is partially penetrating. Slug-test data from
monitoring well 416-29-4M1 (192, 4.16.29.441) were anéleed
directly for horizontal hydraulic conduétivity (Kxy) using the
technique described by Bouwer and Ricé (1976). A transmissivity

value for thig well was then calculated by simply multiplying the
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Kxy by the stratum's thickness. Values obtained by this and the
Cooper et al. method were quite similar (columns 8 and 9 of
Appendix 9). Conductivities and transmissivities from well 196
differ between analysis methods by a factor of about two. Values
calculated using drawdown and recovery data from the observation
wells neac FL30 (197, 4.16.30.421; and 198, 4.16.30.422) are not
as disparate, however, and lie between the endpoints derived from

the production well.

lHydraulic conductivity of the sandy clay is a little more
than an order of magnitude lower than that of the sand and gravel
(Table 1) . Transmissivity and conductivity estimates from
417-36-124M1 (255, 4.17.36.124) are intermediate between those
from the other sites. 1t is not clear from the construction
schematic whether this well was completed in fine or coarse

alluvium or both.

The average storativity estimate at the FL30 wells is
0.000337, indicating that the sand and gravel is confined or
semi-confined where overlain by a siynificant thickness of

saturated sandy clay.

Wells obtaining water from the alluvium are mostly limited
to the Largo Creek valley. Here, four wells with reported depths
of less than 100 ft are located near the middle of the alluvium
outcrop. Yields of these wells are not known. Only one stock
well in the Nations Draw drainage is known to be completed in the

alluvium. "This is the L. 8. Brown windmill (203, 4.16.31.111),



23

Table 1. Average values of transmissivity (T) and horizontal
hydraulic conductivity (Kxy) in alluvium

Monitoring
Accession Well Lithology Av%. T Avy. Kzny
Nuinber Site (Ft2/day) ™ (ft/day)*

101 317-11-14 gand & 263.5 7.53
gravel

192 416-29-4M1  sandy 6.8 0.34
clay

196 ‘

187 416-30-42 sand & 909.2 14.66
198 gravel

255 417-36-124 sand? 41.2 2,06

arithmetic average of values couputed using different
analysis methods (see Appendix 9)
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which pumps sand and is probably screened in fine sand and sandy
clay. Well 203 is the only stock well known to be completed in
the alluvihm for which a complete chemical analysis is available.
This analysis plots in the sodium~bicarbonate field (Figure 3).
Water guality analyses are also available for PL~30 and three of
the monitoring wells screened in the basal sand and gravel (101,
3.107.11.142; 197, and 251, 4.17.34.433). Conductivity values
Erom these wells range from 685 to 850 micromhos/cm. Their

analyses also plot in the sodium~bicarbonate field (Figure 4).

Samples from four other stock wells believed to be conpleted
in the alluviwa (30, 2.16.19.342; 40, 2.17.11.333; 137,
3.17.29.111;  and 141, 3.18.25,243) were collected as part of the
Morgan et al. (1980) study. Tests for sulfate and chloride were
not conducted, therefore, only cation chemistry can be displayed
on a trilinear diagram (Figure 5). These samples have specific
conductivities ranging from 372 to 942 micromhos/cun. Three other
wells (31, 2.16.20.324; 36, 2.17.5.233; and 142, 3.18.26.211)
are located near the edge of the alluvium outcrop and may be
conmpleted in both the alluvium and the underlying Moreno Hill
Formation., Apnalyses frow all seven wells plot in the
sodium-potassium field (Figure 5). Their conductivities vary

between 2L1 and 1,093 wmicrowmhos/cu.

Alluvium unconformably overlies the Spears and Baca
Formations, as well as all of the Upper Cretaceous units, in

valleys and draws througliout the region.
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New Mexico Bureau of Mines and Mineral Resources Water Quality Diagram
#-indicafes shemistry of average potable
ground woter {afler Davis aad DeWiesy,

1867, fig.3.9); dashed lines show manner
of plotting points in the digmond-shaped
field.

PR

H
H

Figure 3. Trilinear plot of water chemistry, wells in
Quaternary alluvium, Tertiary rocks, Cretaceous
rocks other than Moreno Hill Formation, and wells

of unknown depth.

<+ OQuaternary alluvium B Atarque Sandstone

¥ Tertiary volcanics s Twowells Tongue,

¥ Fence Lake Formation Dakota Sandstone

o depth unknown @ Twowells Tongue and

+ Main Body, Dakota = . Paguate Tongue,
Sandstone Dakota Sandstone

(Points are identified by accession number; see
Plates 1 and 27, Appendices 5 and 6.)
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New Mexico Bureau of Mines and Mingral Resources Water Quatity Diagram

#-indicotes chemistry of average potable
ground water {afier Davis and DeWiest,

1967, fig.3.9); dashed linss show manner
of plotting poinfein the diomond-shaped
field.

| 20 (M2)
95 (M1)
99 (M1)

95 (M2 120(M1)
197 — 207 (M2)
196 =
01 (OB1) — 207 (M1)
Y 251
h B s T TR IE Fe ’ {: § R
Cotions Anions

Figure 4. Trilinear plot of water chemistry; Salt River
Project monitoring wells; points are identified
by accession number and monitoring well number in
parentheses (see Plates 1 and 27, Appendices 3 and 4),

Key: < Quaternary alluvium
e Moreno Hill Formation
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New Mexico Bureau of Mines and Mineral Resources Water Quality Diagram

P -indicates chemistry of average potable
ground wafer {after Davis and DeWiest,

1967, fig.3.9); dashed lines show manner
of plotting poinfsin the diamond-shaped

field.
36
50
Ca \CaNa/ Nao
24 Cations

Figure 5. Trilinear plot of cation chemistry, National
Uranium Resource Evaluation (NURE) data (sulfate
and chloride concentrations are unavailable);
points with less than 90 percent epm Na + K are
identified by accession number (see Plates 1 and
27, Bppendices 5 and 6),

- Quaternary alluvium ‘ a Spears Fm. and Baca Fm.

® Spears Fm. ' pundifferentiated Tertiary
A Baca Fm. deposits

e Moreno Hill Fm. ‘¢ depth unknown

o Quaternary Alluvium o greater than 90 percent epm Na + K

and Moreno Hill Fm.




Fence Lake Formation (Miocene)

The Fence Lake Formation consists of lenses of calcareous
sandstone and conglomerate and caps the higher mesas and ridges.
Srain size ranges from fine sand to boulders greater than 3 ft in
diameter; boulders are basaltic (McClellan et al., 1982).
Thickness ranges from 0 to more than 350 ft in the northern part

of the Techado quadrangle (Arkell,l984a).

The Fence Lake is above the regional water table. A perched
zone of saturation occurs in at least one area, however. A small
spring located 0.9 mi southeast of Cerro Blanco (274,
5.16.36.431) emerges from the base of the Fence Lake where it
overlies the Moreno Hill Formation. An analysis of this spring
plots near the center of the cation tkiangle and in the
bicarbonate-sulfate field of the anion triangle (PPigure 3). It
hag a conductivity value of 1,550 micromhos/cm. Woninventoried
springs to the south on Mariano Mesa such as Pine Canyon Spring
(3.15.3€.432) and Balm Tank (3.15.35.434) may indicate perched

flow within the Fence Lake.

The Fence Lake Formation unconformably overlies the Spears,
Baca, and Moreno Hill Pormations in several areas throughout the

Nations Draw region.
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Volcanic Rocks (Oligocene ~ Pliocene)

Volcanic flows and shallow intrusives such as vents, necks,
and dikes occur in swmall areas throughout the region. Although
the areal extent of these hypabyssal rocks is localized, they
extend vertically to great depths. An exception to this may be
the stock mapped by Arkell (1984b) in the scutheast quarter of
the Veteado Mountain quadranygle. This may be a sill which was
injected horizontally between planes of weakness in the host rock
(Richard Chawmberlain, 1986, pecsonal communication). The cores
of Techado Mountain and the stock consist of diabase and diorite,
respectively (Arkell, 1984b). All of the other volcanic rocks,
including Cerro Prieto, have an olivine basaltic composition with

a porphyritic or microcrystalline texture.

The only extensive Tertiary flow is the one capping Tejana
Mesa. This f{low averages roughly 40 ft in thickness and iies 500
to 900 ft above the regional water table. However, one
undeveloped spring (41, 2.17.13.242) with a flow of legs than 1
gpm was sampled from near the vent area in the southern part of
this mesa (Appendices 1 and 5). 7This indicates that there is
some perched groundwater within the basaltic flow. Specific
conductivity of a sample from this spriong is 490 micromhos/cm and
its analysis is high in calcium and magnesium, with bicarbonate
and sulfate as dominant anions. No wells are known to be

associated with volcanic rocks in the area.
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Tertiary flows overlie the Pence lLake Formation, the Spears
Formation, the Baca Formation, and undifferentiated Tertiary

deposits in various areas throughout the region.

Spears Formation (0Oligocene)

The Spears Yormation c¢rops out mainly in the Mariano Springs
and Adams Diggings quadrangles, forming prominent escarpments of
light gray and pink rock on the northern flanks of Mariano Mesa.
It has al'so been mapped on the sides of Veteado Mountain by
Arkell (1984b). Guilinger (1982) described the Spearé as
interbedded, laterally continucus volecaniclastic fine-grained
sandstones, mudstones, and claystones containing abundant granule

to cobble size clasts.

The maximum thickness reported by Guilinger is 520 ft at the
north end of Mariano Mesa., Cuttings from the wildcat well
drilled at data point 2 (2.14.2.113) indicate that the contact
between the Spears and the underlying Baca Formation is at a
depth of 250 ft. Plates 12 and 13 depict the approximate
thickness and saturated thickness of the Tertiary deposits. The
lack of detailed information prohibits accurate estimates of‘the

total and saturated Spears thickness in this area.

Several wells in this vicinity are either fully or partially
completed in the Spears or in undifferentiated Tertiary deposits
{(Plate 2 and Appendix 1). Yields from these wells are unknown.

However, Trauger (1972) reported that similar water laid
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volcaniclastic rocks in Grant county are locally water-bearing
with average yields of 0.5 to 10 gpm. According to Trauger, much
higher yields are possible where wells are completed in coarse

grained lenses.

Aquifer characteristics such as porosity, hydraulic
conductivity, and storage coefficient vary greatly with
lithology. Because of abundant clay matrix and the poorly sorted
nature of the sandstones, hydraulic conduactivity is probably not

high.

Only three chemical analyses are available from wells
thought to tap the Spears Formation (Appendix 5). These are also
from the NURE study of Morgan et al. (1980). 1In two of these
analyses (7, 2.14.10.144; and 16, 2.15.12.221) sodium ig by far
the dominant cation while the third (12, 2.14.20.344) plots in
the center of the cation diagram (Figure 5). Specific
concductances from wells 7, 12, and 16 range from 464 to 700

micromhos/cn.

The Spears conformably overlies the Baca Yormation.

Baca Formation (Bocene)

he Baca Formation crops out in or underlies roughly the
southeastern third of the proiject area. The Baca is a seguence
of red and brown fluvial claystone, mudstone, sandstone, and

uong]umerate{ According to Cather and Johnson (1984), the Baca



in this area comprises either the distal fan facies of a large
east~flowing braided alluvial plain system, or more rarely,
small-scale lacustrine fan-deltas situated on the fluvial system
floodplain. They described both facies as dominated by very
coarse to fine sandstone with gubordinate conglomerate, mudstone,
and claystone. Sandstone beds commonly occur as either
sheetlike, horizontally laminated bodies or as lenticular
channels up to 50 ft thick and as much as 165 ft wide.
Conglomerates occur as very thin channel and sheetlike deposits
with a mud or sand matrix. Mudstone and claystone occur as thin,
laterally continuous beds in the alluvial facies, but are thicker
and more abundant in the fan-delta facies. The carbonate content
of mudstones in the latter facies was noted to range between 10
and 15 percent by weight (Cather and Johnson, (1984). Clay
minerals are predominantly smectites (Guilinger, 1982). The Baca
is often conglomeratic at its erovsional base, containing gray
sandstone and shale clasts from the Moreno Hill Formation

(Arkell, 1984a; Arkell, 1984b; Guilinger, 1982; Roybal, 1982).

The Baca pinches out on the flanks of Tejana Mesa and the
escCarpment in the northeastern part of the Techado quadrangle
(Arkell, 1984a). The maximum observed thickness in outcrop is
approximately 450 £t on the flanks of Veteado Mountain. TIts
thickness increases in a southeasterly direction to 720 ft in the
subsurface at hole 2 (2.14.02.113). Saturated thickness also
increases to the south and east. The entire Baca interval

probably lies below the regional water table in the southern half



of the Adams Diggings quadrangle (Plate 13).

The hydrologic characteristics of the Baca strata are
unknown. Like the Spears, porosity and hydraulic conductivity
are likely to vary widely over short distances, due to the
interbedded and laterally heterogeneous nature of the deposits.
Unlike the Spears, however, the more abundant coarse sandstones
and conglomerates can act as localized aquifers. For example,
well 19 (2.15.18.420) has a reported yield of 20 gpm while wells
17 and 18, (both 2.15.18.242) which are located less than 0.5 mi

to the north, yield tess than 1 gpm.

Twenty-tive wells in the arca are koown Lo wholly oo
partially penetrate the Baca. 'Two gprings that emerge from
perched zones on the western flank of Mariano Mesa were
inventoried. ‘These are Mariano Springs (13, 2.15.5.213) and
Cottonwood Spring (59, 3.15.22.112). Specific conductivity
values of samples from these springs are 290 and 591

nicromhos/cm.

Eleven of the wells were sampled as part of the NURE
project. All of these plot in the sodium-potassium field (Figure
.

5) . Conductivity values from Baca well samples range from 260 to

600 micromhos/cm.

The Baca unconforwably overlies the Moreno Hill Formation.



Moreno Hill Formation (Upper Cretaceous)

The Moreno Hill Formation crops out over most of the western
half of the MNations Draw area. It is unconformably overlain by
either Quaternary basalt, the Fence Lake Formation, or the Baca
Formation. It is composed of continentally-derived sequences of
sandstone, mudstone, c¢laystone, and coal. These deposits have
Leen interpreted by various workers as meandering alluvial
channel fills, crevasse splays, overbank muds, and lower

delta~plain depogits.

Plates 14, 15, and 16 digplay the structure, thickness, and
saturated thickness of the Moreno Hill. On Santa Rita Mesa the
Moreno Hill/Fence Lake erosional surface slopes northward. This
is evidence of the erosional thinning of the Cretaceous rocks by
the northwest flowing streams that deposited the Fence Lake
gravel. The generally southward and scutheastward dip direction
elsewhere reflects tilting of the Cretaceous, Eocene, and
Oligocene beds, probably by extension and sagging of the Colorado
Plateau margin (Guilinger, 1982). Total thickness (Plate 15) on
Santa Rita Mesa (275, 5.17.31.211) is 696 ft. This increases Lo
1,120 ft at hole 28 (2.16.11.222)., To the east total thickness
is generally between 1,000 and 1,200 ft. The saturated thicknegs
of the Moreno Hill Formation varies from 0 in the northwest to

1,200 ft where the unit is entirely saturated.
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In the weslern one~third of the Nations Draw area the Moreno
Hill is diQisible into three members based on the presence of a
middle sandstone unit. Plates 17 to 21 are thickness and
structure maps of these members. The upper member is present
only on Santa Rita Mesa and Tejana Mesa and as scattered
erosional remnants on the Cerro Prieto and Lake Armijo
quadrangles. Its lithological makeup is dominated by yellow and
green, easily eroded siltstones and claystones with minor amounts
of carbonacecus shale, coal, and ledge-forming sandstones
(Camplbell, 1984). 7These deposilts were laid down in a low-energy,
meandering alluvial channel environment. In the north, its
\thickness decreases from more than 300 ft on Flattop Mesa and
Hawkins Peak to less than 50 on Santa Rita Mesa. It reaches its
greatest thickiness on Tejana Mesa, however, where it is

approximately 600 Ft thick.

The middle member is a pinkish-yellow, medium Lo coarse
grained sandstone with little or no gilt or c¢lay matrix. It is
compoged of trough and planar cross-bedded channel sands that
form a sheetlike braided stream deposit (Cawpbell and Roybal,
L984) . The areal extent of the middle member is similar to that
of the upper member, but in outcrop ilts resistant sandstone beds
often form prominent cliffs on the gides of the mesas and smaller
hills. 'rhickness ranges from 0 to approximately 80 ft. This
member apparently pinches out in the subsurface along a
northeast-southwest trending line as shown on Plates 17 to 21.

Subsurtface data southeast of this line show no evidence of a
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thick, braided stream channel deposit. “Thus, division of the

Moreno Hill into three members has not been continued beyond it.

The lower member has a much more extensive outcrop than the
other two, lying at the surface over much of the Cerro Prieto,
Fence Lake SW, and Lake Armijo quadrangles. Lithology is similar
to the upper mewmber except that sandstone, carbonaceous shale,
and coal are more abundant. It was described by Campbell (1984),
Campbell and Roybal (1984), and Landis et al., (1985) as a
relatively thick sequence of laterally discontinuous sandstone
channel fills, crevasse splays, and floodplain deposits laid down
in a similar, but more humid, environment than the upper member.
Thickness ranges from 0 to approkimately 600 ft. Thinner values
are associated with places where the overlying middle member has
been eroded away and western areas where the entire Moreno Hill
interval is thinner. & representative complete thickness of the
lower member is indicated in hole 27% (5.17.31.211) where 505 ft

are penetrated.

Thie middle and upper members are above the regional water
table throughout their extent. Thus the saturated Moreno Hill
thickness north and west of the middle sand pinchout is

equivalent to that of the lower member.

Mineable coal seams are found in two zones within the lower
member. The Rabbit zone is located approximately 60 ft below the
base of the middle sandstone member. The Cerro Prieto zone lies

roughly 150 to 200 ft below the Rabbit interval. Coals within
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this lower zone have been the primary exploration targets within
the Fence Lake leasehold area (Greenberg et al., 1984). Salt
River Project drill logs have designated separate coal beds in
the Cerro Prieto zone as the A, BC, and Tejana seams in
descending order. The A and BC beds join to form a single thick
seam in the northeast portion of the lease area. Extraction of
the Tejana seam at the Fence Lake No. 1 mine is not planned

(SRP, 1986) .

A contour map of the base of this coal zone was constructed
from the available data (Plate 22). This map was drawn by
contouring the base of the BC seam in the Tejana Draw area and
the base of the lowest coal logged elsewhere in the lease area.
Although not a true structure contour map, 1t nevertheless
displays the minor flexures discussed by Roybal (1982), Campbell
{1984), and SRP (1286) in this area. A sharp drop in elevation
of the base of the coal zone along the southeastern border of the
leasehold is readily apparent. The dip of thig surface is
greater than the surface dips in this area (Plate 2), suggesting
a normal fault with 100 ft of downdrop to the southeast. The
approximate location of the middle sand member pinchout lines up
well with the steeply dipping contours, suggesting a different
explanation for its apparent disappearance. The sandstone body
may be thinning in this direction (Plate 192), and congsegquently

was not recognized on the available subsurface logs.
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Using Plates 5 and 22, a contour map was drawn of the
saturated thickness of overburden above the base of the Cerro
Prieto cocal zone (Plate 23). The thickest cover in the lease
area occurs southeast of the apparent fault zone in sections 28
and 32 of T4N and the southeast half of section 13, T3N. In
these areas the saturatéd bedrock cover exceeds 100 ft. By
overlaying Plate 8 over Plate 23, the saturated thickness of
alluvial overburden can be estimated. Extensive areas with
saturated alluvium overlying the coal are in sections 20, 28, 29
of T4N, R16wW. 1In Tejana Draw, areas with significant saturated
bedrock and alluvium are limited to relatively smaller parts of
the buried valley in the south-central and eastern portions of

section 11.

The base of the coal zone is above the regional water table
over much of the central and western portions of the lease area
(and thus the saturated overburden thickness is zero). However,
portions of sections 25 and 26 in T4N, R17W have up to

approximately 70 £t of saturated overburden.

Exploration drilling has indicated that sandstone is often
found within and immediately beneath the Cerro Prieto coal zone.
Saturated sandstone thicknesses in the 50-ft intervals above and
below the datum contoured on Plate 23 are shown on Plates 24 and
25, Only sandstone beds having a thickness of 5 ft or more were
considered, ©Plate 25 includes only that area where the base of

the coal zone 1is saturated. In other words, saturated sandstones
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underlying areas where the cocal is unsaturated were not mapped.
Of the 46 drill logs examined in preparing Plate 2%, 39 contained
a single sandstone bed varying from 10 to 36 ft thick in the
50-ft interval below the coal. The interval between this bed and
the ccal zone ranged from 0 to 40 ft. Eowever, in most of the
drill holes it is less than 20 ft. In many of the holes in
sections 20, 28, 29, and 32, T4N, R1&W, sandstcne lies
immediately beneath the base of the coal. It is not clear
whether or not the same continuous sandstone channel system
extends throughout the lease area beneath the coal. Unless the
major paleodrainage trend was northerly or northeasterly across
the lease area, it is unlikely that this sandstone is physically
connected to that underlying the Tejana seam at the Fence Lake
No. I mine. Estimates of sandstone porosity are available from
drillholes for which density, neutron, and caliper logs were run.
Porosity ranges from about 10 to 20 percent and is sometimes

higher near the base of c¢hannel sands.

Hydraulic properties of the the coal, bedrock overburden,
and sandstones underlying coal and alluvium have been estimated
from slug and pumping tests at several of the monitoring points.
These, along with information concerning the aguifer tests, are
listed in Appendices 10 and 1l1. As with the alluvium, only
recovery analyses of single-well pumping tests have been listed.
Multi-well tests were conducted at 317-13-1 (124) in sandstone
both above and below the coal zcne. Data are also available for

a total of 13 slug tests and five single well pumping tests in
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the Moreno Hill Formation. Five of the slug tests were at wells
screened in coal, seven were in sandstone below the coal zone,
and one tested shale above the coal. fThree of the single-well
pumping tests were conducted in the basal sandstone, one was in
sandstone overburden, and another was in the bedrock beneath the
Tejana Draw alluvial channel. Hydraulic conductivities were
calculated in the same manner as those from tests in alluvium.
Application of the graphical procedure described by Schwartz
(1975) to the slug test data from 317-12-14M2 (122, 3.17.12.142)
provided estimates of percent fracture porosity and both matrix

and fracture conductivity of the coal seam it is screened in,

Transmissivity and horizontal hydraulic conductivity
estimates from the different slug-test analyses are fairly close.
Values are within an order of magnitude at all but two monitoring
points. At 417-36-~41 (258, 4.17.36.411) the screen apparently
fully penetfates a sandstone bed from a deptﬁ of 117 to 127 ft.
However , there is no bentonite seal above this interval and the
resulting connection with an overlying sandstbﬁe may have
affected the results. Results from the Cooper et al. (1967) and
Bouwer and Rice (1976) techniques are also gquite different at
317-12-42M2. However, alb this well the use of the Schwartz
method illustrates the importance of fracture flow in the coal
seam. Although fracture porosity ig only 3 percent of total
porosity, fracture conductivity is more than 20 times greater
than matrix conductivity. The predominance of fracture

conductivity in coal has been well demonstrated (Stone and
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Snoeberger, 1977, Rehm et al., 1980). Curiously, this was the
only slug test in which fracture flow was indicated by this

procedure.

Note that the upper sandstone pumped at 317-13-1M2 (124) has
been listed in Appendix 10 as unconfined. The mean static water
level in this well (Appendix 6) is approximately 96 ft below
ground surface, which is 1 ft below the top of the sandstone.

The storativity values listed for 317-13-10B1 must then represent
the elastic storage coefficient in response to a release of
pressure in the aquifer (Neuwan, 1972). A longer punping time
would be neceded to estimate the actual specific yield (Neuman,
1974) . The Hantush (1L964) r/B solution was applied to drawdown
data from 317-132-1082, which is screened in confined sandstone
(Appendix 11). This type-curve method affords an estimate of
vertical hydraulic conductivity when a flattening out of the
time~drawdown curve suggests the possibility of vertical leakage.

‘The vertical conductivity was estimated at 0.1 ft/day.

Mean values of transmigsivity and horizontal hydraulic
conductivity were computed from the results of different analysis
methods for each aquifer test (Tables 2 and 3). Hydraulic
conductivities in coél range from 0.2 to 4.36 ft/day with a mean
value of 1.59 ft/day. Those for sandstone below coal range

between 0.12 and 13.42 ft/day and have a mean of 3.5% ft/day.
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Table 2. Average values of transmissivity (T) and horizontal
hydraulic conductivity (Kxy) in coal and bedrock
overburden, Moreno Hill Formation

Monitoring

A;ceif%on ng} Lithology Av% ? 1 Avg. K?y L
umber Site (Et<4/day) (ft/day)
67 316-06~13M2 coal 27.0 2.25
95 317-10-42M1 coal 2.4 0.48
120 317-11-34M2 coal 7.9 0.66
122 317-12-14M2 coal 39.22 4.362
207 416-32-311mM2 coal 2.0 0.20
124 317-13~-1M2&0B1 sandstone 458.7 10.20
238 417-26-22M1 shale 3.6 0.14
1

arithmetic average of values computed using different
analysis methods (see Appendix 10)

determined by summing matrix and fracture estimates from
Schwartz (1975) method and averaging with results of Cooper
et al., (1967) method; results of Bouwer and Rice (1976) method
not included for this well (see Appendix 10)
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Although leakage andoubtedly occurs when the confined
sandstones are pumped, fractures probably have a greater effect
on drawdown behavior (and thus transmissivity estimates) at those
wells on Tables 2 and 3 with very large T values. The flattening
of drawdown curves with time from the pump tests at 317-11-34M1
(120) and both monitoring wells at 317-~13-1 (124) provide
evidence of this. At well 120M1, a widening of the caliper log
trace at 120 ft Further supports this interpretation. 1In
addition, the driller's log at 417-35-34 (252, 4.17.35.342)

reports a partial loss of air return at the depth of the

sandstone tested.

Forty four of the inventoried stock and domestic wells are
completed in the Moreno Hill Formation. Known yields range from
less than 1 gpm to 20 gpm. Two wells (261, 4.18.5.144A4; 262,
4.18.5.144B) are apparcently completed in the middle sandstone
member . These wells, one of which has a reported yield of 4 gpm,
are located less than 1 mi from Moreno Spring. This
non—-inventoried spring is located at the middle member outcrop on
the southern escarpment of Santa Rita Mesa (section 8, T4N,

R18W) . Watef levels in these wells are roughly equal to the
surface elevation of the spring. This suggests that perched
groundwater exists within the middle member in this area. NO
wells or springs derive water from the upper member in the

Nations Draw area.
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Specific conductance of water samples from monitoring points
and wells in the Morenc Hill ranges from 211 to 1,250 micromhos
per cm. Figure 6 is a trilinear plot for 12 well and spring
samples from the Moreno Hill Formation. 8Six fall within the
sodium-bicarbonate field. An analysis from well 263 plots in the
calcium-bicarbonate field. All others have subequal amounts of

calcium, sodium, bicarbonate, and sulfate ions.

Atargque Sandstone (Upper C(Cretaceoug)

The name Atargque Sandstone was proposed by McClellan et al.
(1983) for a sequence of very fine grained to fine grained
shallew marine sandstone and siltstone beds which crop out along
the southern side of Santa Rita Mesa and along Largo Creek.

They, as well as Landis et al. (1985) and Campbell and Roybal
(1984) described the Atarque as a regressive coastal barrier
deposit. This sandstone is readily identifiable in geophysical
logs due to a sharp upper contact, fining deownward log signature,
and a thick underlying sequence of marine shale (Rio Salado

Tongue of Mancgo Shale).

Although subsurface data are limited to the east, the
Atarqgue is assumed to be present in the subsurface throughout the
Nations Draw area, mainly because of its beach-barrier

depositional environment. Plate 26 is a structure map drawn on
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New Mexico Burecu of Mines and Mineral Resources Water Quality Diagram

“~indicgtes chemistry of average potable
ground water (after Davis and DeWiest,

1967, tig.3.9); dashed lines show manner
of plotting pointsin the diamond-shaped
field.

Figure 6.

domestic wells in Moreno Hill Formation; points
are identified by accession number (see Plates

|
|
l
|
\
|
|
1
Trilinear plot of water chemistry, stock and
1 and 27, Appendices 5 and 6), 1
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the top of the Atarque. With the exception of a
northwest-scutheast trending synclinal feature in T4N, R17 and
R18W, this unit generally dips gently southeastward. As inferred
on Plate 26, the regional dip direction may swing to the south in
the eastern part of the project area. Note that the Tejana Mesa
fault zone appears to have no influence on the Atarque structure.
Although this may well be a reflection of the gcarcity of data, a
difference in elevation of 250 ft across the major fault does not
seem apparent between the two data points oriented perpendicular

to the zone.

Thickness of the Atarque in the subsurface ranges from 35 to
90 ft. TLandis et al. (1985) reported that the thickness in
outcrop varies from 20 to 100 ft. It is above the regional water
table in the southern half of the Fence Lake SW quadrangle and
northern half of the Lake Armijo quadrangle, partially saturated
in the extreme northern part of the Cerro Prieto quadrangle, but

completely saturated throughout the rest of the region.

Little is known about the hydrologic properties of the
Atarque. Estimates from geophysical logs indicate a porosity of
slightly more than 20 percent for the massive, crossbedded beach
sandstone that forms the upper portion of the unit. Stone et al.
(1983) reported transmissivity values from marine sandstones in
the San Juan Basin (Pictured Cliffs, Point Lookout, and Gallup)
ranging from 0.001 to 350 ftz/day. The Atargue could be

considered an aguifer, however its great depth over much of the
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area precludes its use for domestic or stock water supply.

only two inventoried wells are known to be perforated in the
Atarque. One is a monitoring well (39, 2.17.9.343) owned by the
Salt River Project. The static water level in this well lies
approximately 150 ft below land surface at an elevation of 6,550
ft. Although screened in the Atargue, the hole is open at the
bottom to approximately 380 ft of Mancos Shale. Yield or water
quality data are not available from either well 39 or the other
well (273, 5.16.31.441). A developed spring issues from the
Atarque outcrop south of Santa Rita Mesa (266, 4.18.28.211). A
sample from this spring has a conductance Qf‘865 micromhos/om and

its analysis plotse in the sodium-bicarbonate field (Figure 3).

The Atarque conformably overlies the Rio Salado Tongue

of the Mancos Shale.

Rio Salado Tongue of the Mancos Shale (Upper Cretaceous)

The Ri0 salado Tongue of the Mancos Shale crops out in the
west-central portion of the Nations Draw area on either gide of
the Largo Creek valley. This unit is composed mainly of gray to
vellow-brown marine shale with thin siltstone interbeds. Thin
beds of glauconitic calcarenite and fossiliferous limestone
concretions also occur (Campbell and Roybal, 1984). The average
total drilled thickness is slightly‘more than 230 ft in this
arca. Like the Atarque Sandstone, it is fully saturated over

nost of the regiorn.
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Although there are no local estimates, hydraulic

conductivity in the Rio salado is probably very low. Frenzel and
Lyford (1982) estimated vertical hydraulic conductivities of

major confining bed seqguences in the San Juan Basin, including

the lower Mancos Shale, at 10-% to 1072 ft/day.

No wells in the area are known to obtain water solely from

the Rio Salado, although well 39, as mentioned above, is open to

it. Another well (14%, 3,18.26.211) which is reportedly 60 ft

deep, is located near the edye of the Largo creek valley fill and

may be open to both alluvium and the Rio Salado.

peowells Tongue of the Dakota sandstone (Upper Cretaceous)

The Twowells Tongue of the Dakota Sandstone is a very fine

to medium grained sandstone, lying between the Rio Salado and
whitewater Arroyo Tongues of the Mancos Shale. It is the oldest

unit that crops out within the Hations Draw area and it has been

mapped on the surtace cnly in a very small area in section 32,

74N, RL1BW on the western border of the Fence Lake SW quadrangle.

peep exploration wells show that its thickness averages 30 £t in

the subsurface. The Twowells is probably fully saturated

everywhere in the Nations Draw region but the lower reaches of

the Largo Creek valley.
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Beneath the Whitewater Arroyo Tongue, whose thickness ranges
from 65 to 105 ft, lies another relatively thin tongue of the
Dakota: the Paguate. The aquifer potential of these two
sandstone bodies is not known in this area. Porosity estimates
of the Twowells Tongue range from less than 5 percent to 20
percent. Brod and Stone (198l) reported that sandstones in the
Lower Mancos Shale interval near San Mateo in McKinley County
yielded large amounts of water to underground mines in the
underlying Morrison Formation (Jurassic). Aquifer testing at
FL-36 (254, 4.17.36.122) in the Main Body of‘the Dakota Sandstone
yielded a transmissivity of 709 ftz/day and a l-hour gpecific
capacity of 0.86 gpm/ft (SRpP, 1983). If this value is divided by
an average regional thickness of 103 ft, the resulting horizontal
hydraulic conductivity is 6.9 ft/day. If one assumes an
identical hydraulic conductivity for both the Twowells and
Paguate Tongues, the approximate transmissivity of these 2 units
would be 380 ftz/day for the Paguaté and 207 ftz/day_for
the Twowells. These are based on mean‘regional thicknesses of 55
ft and 30 ft, respectively. These conductivity estimates are
probably high, however. The drill log of well 254 reports that
most of the water flowing into the uncased hole after drilling

was from the Main Body of the Dbakota Sandstone (SRP, 1983).

Like the Atarque, the depth of these units precludes their
use for domestic and stock water supply over most of the region.
However, four wells in the western part of the area apparently

tap these sandstones. The log fLrom one (267, 418.35.331)



indicates that it is completed in one or both units (Appendix B
of SRP, 1982). No vield or water guality data are available for
this well. Another windmill, the Lucero (224, 4;17‘10.211), has
a reported depth of 425 ft and is located roughly 200 to 250 ft
above the Atarque Sandstonce (see Plates 21 and 26), indicating
that it is probably open to the Twowells. An analysis from this
well plots in the sodium-sulfate field (Figure 3). Depending on
local structure in the northern half of the Lake Armijo
quadrangle, two other wells are probably perforated in the
Twowells and possibly in the Paguate, fThese are the Carter well
(139, 3.18.9.223), and the Jerry windmill (140, 3.18.22.232). It
is possible that the Jerry well is also completed in the main
body of the Dakota Sandstone. Reported yield of these wells are
30 gpm (Carter) and 20 gpm (Jerry). Specific conductance values
are 900 micromhos/cm from the Carter well, and 844 and 860
micromhos/cm from the Jerry well. Major ion chemistry of the
latter plots in the sodium-bicarbonate field (Figure 3), which is

the same field that contains analyses of well 254 (SRP, 1986).



GEOLOGIC CONTROLS OF GROUNDWATER OCCURRENCE

Location and geometry of permeable deposits.

In the saturated zone, groundwater exists as a continuum
within interstitial pore spaces and fractures. Significant
amouints of water will flow into a well or excavation only from
materials with relatively high hydraulic conductivity. In most
of the Nations Draw area, the more permeable deposits include

unconsolidated alluvium, sandstone and conglomerate.

The occurrence of significant amounts of'groundwater in the
saturated part of the alluvium is controlled by its geometry and
'stratigraphy', or, the location and areal distribution of the
coargser grained sand and gravel. 9These are, in turn, controlled

by the Quaternary geologic history of the setting.

Saturéted alluvium is restricted to the valleys of the
larger draws of the Fence Lake leasehold. 1In Nations Draw,
saturated sand and gravel deposits are mainly limited to the
deeper buried valley, and usually make up less than 50 percent of
the total saturated thickness. In Tejana Draw the percent of
saturated alluvium composed of coarser material varies from 0 to
100 percent and is not confined to the center of the buried
valley. For example, all of the saturated alluvium at drill hole

110 (119, 3.,17.11.342) is coarse grained sand or gravel.
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The occurrence of significant groundwater in sandstones and
conglomerates is primarily controlled by their geometry,
porosity, and hydraulic conductivity. These factors are in part

controlled by the depositional environment of the deposits.

The Baca TFormation in the Nations Draw.area was deposited in
a fairly dry, savannah-like alluvial plain environment with
igolated lacustrine sediments (Cather and Johnson, 1984). Baca
sandstone and conglomerate geometries include sheetlike or broad,
shallow, channel-shaped bodies in the distal alluvial fan facies
and either similarly shaped channels or, wore rarely, large
distributary channels with low width~to~depth ratios in the
lacustrine fan-delta facies. These coarse grained bodies are
interbedded with very [ine-grained mudstones. Too few subsurface
data exist within the Baca to make a further observation of

vertical stratification.

The Moreno Hill ¥Formation was laid down in a humid, low
enerygy, meander belt ahd/or lower delta-plain environment. The
meander belt system commonly produces conglomeratic channel-lag
and sandy, cross—-bedded point-bar deposits with a 'shoestring'
geometry and, in general, an upward decrease in grain size.
Deltaic distribatary channels have a similar shape, but sometimes
display an upward increase in grain size. Such discontinuous,
lenticular sandstones are abundant within the Moreno Hill. Where
the Moreno Hill is divided into 3 members, channel sandstones are

more abundant in the lower member than in the upper one
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(Campbell, 1984; Roybal, 1982). In drill holes penetrating 200
Ft or more of the Moreno Hill, an average of 22 percent of the
total thickness consists of sandstone beds greater than 5 ft
thick (excluding the amiddle gsand where present). 1In general, as
plates 24 and 25 suggest, the areal distribution of subsurface
channel sandstone bodies is difficult to predict accurately

without closely spaced drilling.

gandstones deposited in a nearshore environment have a
sheetlike form that are much more areally extensive than fluvial
sands. Reworking of sand grains during deposition winnows out
finer graided particles, producing a higher primary porosity and
more uniform hydraulic characteristics than most alluvial plain
sediments. Thus, this type of sandstoné deposit also has a

greater potential for yielding water than fluvial sandstones.

postdepositional history.

An additional control of groundﬁater'occurrence is provided
by the postdepositional history of thé water—~bearing units.
Consolidation and compaction of fine-grained, unconsolidated
alluvium further reduces its hydraulic conductivity. Cementation
of lithified sediments by both garbonate and clay minerals
reduces primary porosity and thus hydraulic conductivity.
Fracturing causes secondary porosity, thus increasing hydraulic
conductivity in coal, shale, and sandstone. Depending on their

thickness, coals can act as aquifers by transmitting water



through their fractures.

In a few cases, sandstones within the Moreno Hill Pormation
in the lease area are fractured. Gibbons et al. (1981)
discussed three types of fracture patterns in Mesaverde rocks of
the Colorado Plateau in northwestern New Mexico. These are: (1)
local fracture patterns associated with specific local tectonic
structures, (2) regional fracture patterns resulting from
widegpread tectonic events, and (3) regional orthcogonal fracture
patterns of a diagenetic origin which cannot be related to
basement-rooted strain fractures. They developed a modeling
strategy to predict the distribution of the third type and
conclude that fracture spacing can be related to bed thickness
where lithology is conglistent. This type of fracture pattern may
be present and mappable within the lower Moreno Hill sandstones
of the lease area. Fracture zones of the first and possibly the

second type may be present near Cerro Prieto.



GEOLOGIC CONTROLS OF GROUNDWATER MOVEMENT

Recharge

Differences in potential energy provide the driving force
for groundwater movement. Groundwater flows from areas of higher
potential energy to those of lower potential energy. Recharge
occurs where there is a downward flux of moisture within the
vadose zone which adds water to the groundwater flow system.

More specifically, Freeze (1969) defines recharge as the "...
entry into the saturated zone of water made available at the
water table surface, together with the associated flow away from
the water table within the saturated zone". A recharge area is
characterized by groundwater flow awéy from the water table. The
magnitude and direction of the flux below thg water table are
controlled by the dimensions of the groundwater basin, the
water-table configuration, and the permeability distribution
resulting from the subsurface stratigraphy. In an actual
groundwaler basin, a state of dynamic equilibrium usually exists
in which water-table fluctuations are?kept within relatively
narrow bounds and the rate of recharge}is relatively constant at
a given location but varies areally throughout the'basin (Freeze,
1969). In the same paper, Freeze listed several general factors
which control the addition of water to the saturated zone. These
are: (1) the relationships between soil/rock type, pressure

head, hydraulic conductivity, specific moisture capacity, and
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moisture content; {(2) the rate and duration of rainfall and
evaporation; (3) recharge/discharge rates (flux below the water
table) ; (4) antecedent socil moisture conditions; and (5) depth

to water table.

In the Nations Draw area, recharge to the groundwater system
is achieved by areal infiltration and percolation from the land
surface and as transmission loss from ephemeral streamflow. Due
to the fine-grained nature of the majority of the deposits, short
duration of rainfall events, and high evaporation rates, the rate
of areal recharge is very low. Stone (1984) estimated recharge
rates at several siteg in the vicinity of the Fence Lake
leasehold based on a chloride mass-balance approach. Rates in
alluvial settings are approximately 0.08 inches/yr whereas those
in bedrock settings are approximately 0,05 inches/yr. These
rates may be higher where very fractured bedrock occurs at the
surface. Evidence for this mechanism may be the springs near
volcanic rocks in sections 9 and 10, T3N, Rl4W. These springs
discharge well above the regional water table at contacts with
less permeable bedrock. Greater rates of recharge may occur in
natural or man-made depressions, where temporary ponds develop
during storms, or as transmission loss from ephemeral streamflow.
An additional control on this type of recharge is the sediment
load. A high amount of suspended c¢lay may c¢log pond or channel
bottoms. The velocity and channel géometry may also be
important. High velocity flow can erode fine~-grained material

deposited earlier, exposing coarser sediments. The quantity of



water recharged in this manner may be greatest in the valleys of
the major arroyos where the water table is closest to the
sur face. This would include the Nations Draw channel in the

western portion of the lease area.

Where vertical fractures are not present to enhance water
movement beyond the root zone, areal recharge may take a very
long period of time. Age estimates far soil water at the base of
the unsaturated zone in the lease.area are on the order of
thousands of years (Stone, 1984) . In upland areas where the
depth to the regional water table is very great, recharge water
probably passes through one or moro perched zones of s;éxl;llr'axt:i on
before reaching the regional flow system. Some of this is
discharged via springs (266, 418.28.211) or even wells (262,

418.05.144n).

Flow

The difference in hydraulic head (and thus potential enerqgy)
at two points defines the hydraulic gradient between them.
considercd in three dimensions, points of equal hydraulic head
define an equipotential‘surface. Groundwater flows from surfaces
of higher potential energy to those with lower potential energy.
There are three major factors affeéting the pattern of flow

hhetween equipotential surfaces in a groundwater basin (Freeze and

Witherspoon, 19€7). These are: (1) water—~table configuration;



(2) the stratigraphy and resulting subgsurface variations in
hydraulic conductivity; and (3) the depth/lateral extent ratio
of the basin. Topography controls the elevation and shape of the
water table surface, and thus controls the location of recharge
and discharge areas and the general direction of groundwater
flow. The topography of an area is shaped by structural and
geomorphic processes acting over time on the local stratigraphic
sequence (Stone et al., 1983). The stratigraphy, or more
specifically, the three-dimensional hydraulic conductivity
distribution, can have both regional and local effects on
groundwater flow patterns. The depth-lateral extent ratio refers
to the relationship between the depth of significant groundwater
Flow and the horizontal distance from groundwater divide to major
discharge area. This ratio affects the depth to which
near-surface, localized flow systems become separated from
regional flow systems. Both of the latter two factors are
ultimately controlled by the depositional and structural history

of the region.

1n the Wations Draw area, topography determines the general
pattern of groundwater [low. This area is part of a larger,
weslward flowing system which coincides with the Carrizo Wash
surface drainage. The continental divide roughly coincides with
the eastern boundary of this system, which includes all of the
drainage areas of Largo Creek and Nations Draw. The boundaries
of these two drainage systems enclose local groundwater flow

systems (Plate 4). A ground-water divide separating the Nations
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Draw basin from the Largo Creek basin extends westward from just
southwest of Adams Diggings to the Mesa Tinaja-Tejana Mega area.
The higher elevations along this boundary are recharge areas,
with downward flow directions on either side of the groundwater
divide. The water-table surface is smocth, without minor
variations due to topographic changes. Such variations in, for
example, the Nations Draw basin, would suggest the existence of
small-scale flow regimes enclosed within it. Flow is probably
upward (indicating discharge areas) in the lower reaches of the
Nation Draw and Largo Creek wvalleys. Hydrogeologic
cross-sections A-A' and B-B' (Plate 3) depict approximate flow
patterns in two dimensions within the Nations Draw system.
Section A-A' was drawn across the valley and parallel to the
regional structural dip direction, but perpendicular to the major
direction of regional groundwater flow. Thus, A-A' illustrates
flow in the Nationg Draw ground-water basin only, showing a
central discharge area with recharge areas on either side. 1In
order to portray ground-water flow within the regional (Carrizo
Wash) system, a much larger section oriented roughly west to east
would be needed. Much of section B-B' is oriented nearly
parallel to a water table contour, and thus the water table
depression across Nations Draw is not apparent on this section.
Equipotential contours were omitted from B-B' because of the lack
of detailed subsurface data for the lower part of the Moreno Hill

Formation.
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As discussed earlier, a great deal of heterogeneity in
hydraulic cdnductivity exists within the suite of sedimentary
layers underlying this region. Freeze and Witherspoon (1967)
demonstrated that layers ol high conductivity extending
throughout a groundwater bacin have a pronounced effect on flow
patterns. The Cretaceous marine sandstone aquifers have much
higher hydraulic conductivities than the Mancos Shale and the
Moreno 11i1l Formation shales and siltstones. Groundwater flow
directions have been drawn on Plate 3 to reflect thig difference.
Flow is generally vertical in the Mancos chale. In the sandstone
agquifers it is'parallel to dip but still toward the center of the
basin, in respﬁnse to the influence of the water~table
configuration. The flow direction arrows are not meant to imply
any significant hydraulic connection between groundwater in the
tongues of the Mancos chale and near-surface groundwater. Due to
its very low hydraulic conductivity, specific discharges through
marine shale should be so low that travel times for water to pass
vertically upward thnough, for example, the Rio Salado Tongue,
would be measured on the geologic time scale rather than an

higtorical one.

The depth of the Carrizo Wash regional flow system nay
extend beneath the permeable San Andres Limestone and Glorieta
sandstone. The western equivalents to these units, the Kaibab
r to
ik

"The

Formation and Coconino Sandstone, underlie and supply wate

the Coronado Generating Station at St. Johns (SRP, 1983) .

effective depth of the Nations Draw sub-basin is hard to discern
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from the available data. As Freeze and Witherspoon (1967)
explain, a thick layer of very low permeability beneath a
regional aguifer will have a negligible affect on flow patterns
within a basin. Flow directions in such a layer will be
horizontal and parallel to those in the aquifér. In the Nations
Draw area, the low permeability layer could be the Rio Salado
Tongue of the Mancos Shale and the Atarque Saﬁdstone could be the
overlying regional aquifer. However, three other aquifers of
regional extent lay bheneath the Rio Sélado’Tongue. If the Dakota
sandstone aquifers (particularly the Main Body) affect flow
above, the basal low permeability layer would then be the Chinle
Formation. In any case, due to the extrémely low hydraulic
conductivities expected in the marine shéles, upward flow volumes

to the Nations Draw valley would not be significant.

Phe actual pattern of flow directions is more complex than
illustrated due to the heterogeneity of the Moteno Hill
Formation. This is because the geometry and areal distribution
of less extensive, highly conductive zones also controls the
direction of groundwater flow in localized areas. Freeze and
Witherspoon (1967), as well as more recent site-specific studies
Ly Fogg (1986), and Krabbenhoft and Anderson (1986), have shown
that lenses of higher hydraulic conduétivity‘than the surrounding
rocks cause localized vertical gradieﬁts, The local gradient
will be downward above the upgradient;end of the lens and upward
above the downgradient end (Figure 7); The alluvial sand and

gravel layer as well as sandstones within the Moreno Hill and
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Baca could cause this flow behavicr.

WF L.
o s

leféregcés in hydraullc'head between observation wells-at
ahlfiple—well monltorlng sites prov1devev1dence of -vertical-
—~gradients  in the vicinity of the lease area. Downward gradients
are indicated at four sites, upward gradients at four others, and
gracdients in both directions are indicated at three points where
~hread- measurements have been made at threa elevatlons (Table 43 .
éééeened 1ntervals A, B,.aéd C on Figure 7 ce&&dnoe T ‘
representative-of flow conditions at monitoring point 317-13-1

(124, 3.17.13.114) and intervals D and E céﬁld represent

conditions at 317-11-34 (120, 3.17.11.344),

The effect of faulting and fracturing on groundwater flow
depends on the type of rock, whether the fractures are open or
closed, and depth. TFaulting often acts as a barrier to lateral
flow by offgetting permeable beds or by the formation of a zone
of low permeability gouge along the fault planes. Thus, vertical
gradients can be formed by structural truncation of aquifers as
well as by depositional pinchouts. Alternatively, zones of open
fractures along faults or folds can provide fracture
permeability. In a study of hydraulic conductivity in Cretaceous
marine shales above the Dakota aquifer in South Dakota, Neuzil et
al. (1984) compared numerically-determined regional values to
local values obtained by aquifer and core testing. They
attributed the higher regiconal values to vertical fracture zones

within the shale. Fracture aperture, and thus hydraulic
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Table 4. Vertical hydraulic gradients at multiple-well
monitoring sites

m e i e i m b .‘,_,,..._._........_........-..-.-.....4._d_........__.....,.._.....__‘..._.ﬁ..-_..,..-_._...._..._...,.___....—.-.-.......,..._..._....,...._...,...__.‘........‘..._...M,........

Monitoring Midpoint
Accession Well of Mean vertical
Number Site Lithologyl Screen2 swe3 Gradient4

_.‘,_....,..,...,......_.u........-..-._..,..,....,‘..._._‘_._._..m~-”m.._..._...u,«...__......_‘-........m..-.-.._,.A......_......._..._..._.-...__...“.,..........-.-...—.-.........._.u-,..‘._.

67 316-06-13M1 gandstone 155 6618.23 -0.366
67 316-06~-13M2 coal 198 6602.50
95 317-10-42M2 coal 65.5 6574.29 -0.116
95 317-10-42M1 sandstone {(bc) 88.5 6571.62
101 317-11-1408B1 sand & gravel 95 6577.62 -0.308
101 317-11-14M1 sand & gravel 110 6573.00 +0.076
101 317~11-140B2 candstone (ha) 190 6579.07

120 317-11-34M2 coal 72 6585.00 +0.079
L20 317-11-34M1 sandstone (bc) 123 6589.03

|
{
i

122 317-12~14M2 coal 119 6600.76 ~0.055

122 317-12-14M1 sandstone (be) 165 6598.23

124 317-13-1M2 sandstone (ac) L1s 6601.42 ~0.034

124 317-13-1082 sandstone (bc) 206 6598.28 +0.187
124 317-13-1M3 gandstone (bc) 215 6599.96
175 416-20-4M1 sand & gravel 115 6624.80 +0.019
175 416-20-4M2 sandstone (bc) 157.5 6625.63
192 416-29-4M1 silty alluvium 83 6630.97 +0.014
192 416-29-~4M2 gandstone (b¢) 164 6632.08
196 41 6-30-42M1 sand & gravel 157 6620.01 +0.028
198 416-30-~-420B2 bedrock? 180 6620.66
207 41 6-32-311M2 coal 130 6618.26 -0.194
207 416~32~311Ml sandstone (be) 165 6611.47
239 417-26-22M1 shale (ac) 62.5 6602.14 ~0.185
239 417-26-22M2 sandstone, shale 105 6594.28 +0.062
239 417-26-22M3 coal, shale 140 6596.44

1 (ac) = above coal: (bc) = below coal; (ba) = below alluvium
5 feet below land surface

3 pean static water elevation from appendix 3

4 vVertical Gradient (ry; t+ = upward; - = downward

Example: L = lmean SWE(M1) ~- mean SWR(M2)] / (m2 -~ ml)
l(6602.00~6600.00) / (130-100) ) = -0.067

100 £t
130 ft

where ml
ma

midpoint of screen in well M1
midpoint of screen in well M2

[H

R
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conductivity, is reduced in these shales with depth due to
increasing compressive stress. Marine shales beneath the lease
arca may be buried too deeply for fracture flow to be
significant, but it is possible that shales within the Moreno

[ill Pormation transmit water in this fashion.

A fault or fracture 2one extending for many miles could
affect flow patterns indirectly by influencing the geometry and
distribution of high conductivity layers. For instance, the
formation of a valley along a fracture~controlled lineament can
result in the deposition of unconsolidated sand and gravel within
it. The lincar trend of Nations Draw frdm the center of the
lease area southwest to P3N, R18W may be an example. More
obvious alterations in flow patterns which could be attributed to
large—-scale faulting or fuacturing‘are not evident on the

water-table maps (Plates 4 and 5).

The presence of denée, crystailine, igneous rocks can
influence groundwater flow in localized areas also. Unlesg very
‘fractuced, these rocks should act as barriers to flow. This is
apparently the case at El portocito, where the alluvial agquifer
has been qonstricted by a volcanic neck. This neck, which may be
attached to related dikes in the subsurface, forms enough of a
barrier to force the water table to the surface jusﬁ upstreain.
Where extensively fractured igneous rocks occur within less
fractured fine-grained sedimentary rock, however,‘they could

affect gradients in much the same way as the sandstone lenses
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described above. Volcanic necks and venls can act as conduits by
enhancing vertical flow. Bradbury (1966) degcribed Zuni Salt
Lake as fed by springs originating in this manner. The northwest
trending, vertically oriented dike systen is located near the
regional groundwater divide in an area of essentially downward
fFlow. 'Thus, it may have 1ittle or no effect on flow patterns
except at great depth where f[low paths becone horizontal. Flow
alterations by the several necks and vents may be too local to
show up on Plates 4 and 5. In the lease area, any flow |

alterations caused by Cerro prieto are not apparent.

Discharge

The regional watert table does not, with the sole exception
of E1 rortocito, intersect the land surface in this semi-arid
region. However, discharge at the water table beneath the land

sur face probably does occur via evapotranspiration. Discharge

areas are defined by Freeze and Witherspoon (1967) as those areas

where the groundwater Elow direction is upward and toward the
water table. Their existence and/or distribution are closely
related to and ultimately controlled by the same three major
factors that influence groundwater flow. Thegse factors albfect
the percentage of flow in a basin that discharges into its major
valley. fThe valley of a relatively homogeneoOus baSin with a
smoothly sloping water table surface may receive concentrated

discharge. A stratified system, like the Carrizo Wash regional
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flow system, is more likely to have smaller sub-basins with
discharge locations governed by both the regional and local
stratigraphy. Freeze and Witherspoon (1967) described three
cases in which discharge can result from geologic control: (1)
below the outcrop of a downstream sloping aquifer; (2) at the
outcrop of an upstream sloping agquifer; and (3) above the
pinchout of a buried high permeability aquifer. They noted that,
in the third case, the extent of the discharge area and the
intensity of the discharge depend on both the position of the
high permeability lens within the flow system and the hydraulic

conductivity contrast between it and the surrounding rock.

Localized discharge areas due to case 1 may occur in the
northern part of the Nations Draw area below where south and
southeastward dipping sandstones intersect the water table.
Digcharge areas could result from case 2 where the Atarque and
Dakota sandstone aquifers intersect the water table in the Fence
Lake SW and Lake Armijo guadrangles. They may also occur locally
where southeastward dipping Moreno Hill and Baca sandstones
intercept a northward or northwestward sloping water table. The
gentle structural dip of these units makes discharge due to these
mechanisms problematical, however. Localized discharge areas due

to the third case geem more likely in this region.

In order to examine the possibility of discharge areas
within the lease area, three graphs of well depth versus depth to

static water level have been made from monitoring and stock well



data (Figures 8, 9, and 10}. This type of plot can serve as a
rough indicator of whether a well is in a recharge or a discharge
area. Its disadvantage is that a constant depth to the water
table is required, which is a difficult condition to meet in this
vicinity. Some information can still be obtained from them,
however. 1In general, monitoring sites with downward gradients on
Table 4 plot in the recharge fields of these figures. BSeveral
sites with upward gradients plot in the transition zone between

recharge and discharge areas.

Several wells plot in the discharge fields. Although the
depth to the water table at monitoring point 317-11-34 (120) is
probably a little less than the average computed for wells in the
Tejana Draw valley (Figure 8), the upward gradient at this site
may justify its location on the graph. Other wells which fall in
this field are stock wells 123 (3.17.12.314) and 135
(3.17.24.232) on Figure 8, and monitoring points 251
(4.17.34.433) and 255 (4.17.36.124) on Figure 9. Except for well
135, their positicns may also be functions of the differences in
depth to the water table. At 135, however, the water table is
greater than 60 ft below the land surface. Flow patterns at this
well could be caused by a situation similar to the deeper
sandstone pinchout shown on Figure 7. A well perforated along
interval F would have a static water level above the water table
elevation. Well 135 would then be in a recharge area, as shown

by the downward gradients at the water table above F.
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Tejana Draw is located on the southeast slope of the water
table surface rather than in a major depression (Plate 5). Thus,
the apparent discharge areas located there might be best
explained as examples of geologic control 3 of Freeze and
Witherspocon. As suggested by the downward gradients in bedrock
and alluvium at other sites in Tejana Draw and in Taylor Draw
(Table 4), these valleys and the uplands surrounding them are
probably, on the whole, recharge areas with localized sites of
discharge caused by high conductivity lenses near the water
table. These lenses may consist of sand and gravel, fractured

sandstone, or, where thick enough, coal seams.

The Nationg Draw valley lies parzllel to the axial
depression of the water table gsurface and acts as the discharge
area for the Nations Draw ground-water basin. 1In the lease area,
possible discharge areag due to topeograrhic contreol include
sectiong 20, 29, and 30 in T4N, R16W, as well as the center of
the valley downstream. Discharge is influenced by geologic
factors here as well. Upward gradients from bedrock into sand
and gravel indicate upward flow into the alluvial aquifer.
Because of the low permeability of much of the bedrock, discharge
would be greatest where more prermeable sandstonesg subcrop beneath
the alluvium. However, where the saturated sand and gravel is
thick, flow is mainly horizontal and southwestward along the
slope of the buried paleochannel. The contrast in hydraulic
conductivity between bedrock and ccarse alluvium may be great

enough that the upward flow from the bedrock basin is not
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transmitted to the water table surface. 1In this case, discharge
areas along the valley would be restricted to those areas not
overlain by the sand and gravel aquifer. At monitoring point
416-29-4 (192, 4.16.29.441) a slightly upward gradient into
fine-grained alluvium is indicated. South of this site, but
still within the valley, saturated alluvium becomes thin or
nonexistent. It is here that the sandstone underlying the Cerro
Prieto coal zone could cause localized discharge zones. Other
places within the valley where sandstone appears to underly a
potential mining area ncot far below the water table are section

19 and the northern half of section 30 in T4N, R16W.



GEOLOGIC CONTROLS OF GROUNDWATER QUALITY

phe chemical gquality of groundwater is ultimately controlled
by the géologic framevwork of the flow system. In a complexly
layered sedimentary basin this control is manifested in two
interrelated ways. These are the order of encounter of
gruundwatervwith soluble minerals and its residence time in the
system. Residence time means simply the length of time between
recharge and discharge. 1t depends on the length of the flow
path as well as the hydraulic conductivity of the rocks through
which the water [lows. in general, the concentrations of
dissolved constituents increase with length of flow path and
decreasing hydraulic conductivity. Specific conductance
generally 1is higher in discharge areas than in recharge areas.
order of encounter refers to the order in which various types of
minerals are encountered by the water as it moves through the
Flow system (Freeze and Cherry, 1979). Different materials in a
layered sequence contain different soluble minerals. While
flowing through these rocks, groundwater will react with and
dissolve different mineral speqies. The seguence of sedimentary
layers, and some of the sedimentary minerals they contain, is

controlled by fluctuations in the depositional gettings of the

units.
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According to Groenewald et al. (1981), geochemical
processes in the unsaturated zone within recharge areas are
important to groundwater chemistry in coal-bearing strata.
Depending on the depositional setting, processes such as calcite
and gypsum dissolution and concomittant bicarbonate production,
pyrite oxidation, and cation exchange occur in the zone ot
percolating water. Commonly, the only important saturated-zone
geochemical processes are cation exchange and sulfate reduction.
Calcium ions replace sodium ions on clay~mineral lattices and
anaerobic bacteria reduce sulfate in order to metabolize organic
carbon. 1In the process, hydrosulfide ion is produced which, if
reactive iron compounds are present, form solid iron sulfides
(brever, 1982). In clavey, sodium-rich rocks, these reactions

account for the predominance of sodium-bicarbonate waters.

The abundance of sodium~montmorillonitic materials ;n the
Nations Draw area has a profound effect on water chemistries. Of
the 59 points plotted on Figures 3 through 6, 54 (91 percent)
contain sodium as the dominant cation. In fact, only two
analyses on all four of these figures haVe legss than 20 percent
epm sodium. These two (spping 41, 2.17.13.242; and well 262,
418.05.144A) are from perched water.in volcanic rocks on Tejana
Mesa and the Middle Sand Member of the Moreno Hill Formation,

regspectively.
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Twenty-eight of the 38 analyses on Figures 3, 4, and 6 plot
within the sodium-bicarbonate field and five of the remaining ten
are within either the calcium, sodium-bicarbonate or
sodium-bicarbonate/sulfate fields., Thus, it appears that cation
exchange and sulfate reduction may be the dominant processes in
both the Nations Draw and Largo Creek flow systems. Water
sampled from discontinuous sandstones oOr from alluvium has
probably spent ouch of its travel time in clay rich shale,

siltstone, or sandy-clay alluviam.

Higher proportions of either calcium or sulfate in some
gamples can be explained in two ways. First, analyses from
monitoring point 67 (3.16.06,133) may represent 'new’ groundwater
in a recharge zone in which both calcium and sulfate from
carbonate and gypsum dissolution are still relatively abundant.
second, water from the Lucero windmill (224, 4.17.10.211) is of a
sodium-sulfate type. This well is believed to be completed in
the Twowells Tongue of the pakota Sandstone. The relatively high
hydraualic conductivity and exteasive nature of this sand makes it
a preferred pathway for groundwater. Although cation exchange
has procceded to where sodium is the dominant cation, there may

be insufficient organic carbon for sulfate reduction,

Lab and field values for gpecific conductance throughout the
Nations Draw area (appendices 5 and 6) are shown on Plate 27.
One generalization that can be made concerning this map is that

lower values are found at higher elevations while higher ones
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occur at wells completed in bedrock within the major valleys.
There are obvious excéptions to this, for example, well 40
(2.17.11.333) and the Martinez windmill (220, 4.17.03.324B). It
is interesting that all five of the analyses containing sulfate
as the dominant anion are among those with the highest
conductances. These may represent waters from the intermediate
zone of the Chebotarev (1955) sequence, in which ground~waters
pass from bicarbonate dominated to sulfate dominated, with an
increase in total dissolved solids (Domenico, 1972). The average
conducltance at FL-36 (2%4, 4.17.36.122) is 638 micromhos/cm.
This well is completed in the highly transmissive Main Body of
the Dakota Sandstone which acts as a conduit for groundwater
flow, providing a quickef flow path than the interbedded
sandstones and mudstones of the overlying strata. All
conductance values are less than 2,000 micromhos/cm, providing
evidence that the shallower continental deposits comprise a
sub-basin of a larger regional system that discharges to the
west. Higher conductances would be expected if water following
the deeper flow paths of the regional system discharged in this

ared.



SUMMARY AND CONCLUSIONS

Geologic and hydrologic data from eight quadrangles
representing the Nations Draw area have been compiled, mapped,
and analyzed. Sedimentéry rocks of Permian to Miocene age
underlie or crop out within the region. Those younger than
Focene lie above the regional water table in the Nations Draw
basin. Ground water is the major source of domestic and stock
water supplies. Tuportant shallow water-yielding units include
Quaternary alluvium, the Baca Formation (Eocene), and the Moreno
i1l FPormation (Upper Cretaceous). Buried valleys, cowmmonly
containing more than 100 ft of Quaternary alluvial £ill, exist
@within the larger draws. Coarse sand and gravel deposits with
relatively high hydraulic conductivity lie within the buried
valleys. Sheetlike or lenticular channel sandstone bodies form
localized aquifers within the Baca and Moreno Hill Formations.
The Moreno Hill overlies a sequehce of four extensive, relatively
permeable Upper Cretaceous marine sandstone units separated by
three tongues of the relatively impermeable Mancos Shale. Thick
Triassic and Permian sedimentary seguences of variable lithology

underlie the region.

The cccurrence of significant amounts of ground water 1is
controlled by the location and geometry of the sand and gravel
and sandstone units. These factors are, in turn, determined by
depositional environment and postdepositional history. Ground

water flows generally south and west in response to
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topographically controlled changes in the regional water—table

configuration.: Major recharge areas probably occur within the

alluvial valleys and at higher elevations in the north and east

while topographicallywcmntrolled discharge may occur in major

valleys where flow from bedrock is not diverted laterally by

highwconductiVity alluvium. Subsurface permeability variations

also exert regional and local influences On ground-water Flow

patterns. Localized zones of recharge and discharge occur where

sand and gravel or channel sandstones pinch out just below the
water table. TFlow at depth 1is influenced by both continental and

mar ine sandstones. The continental sandstones are local but the

marine gandstones are more extensive. glow movement in contact

with abundant montmorillonitic clay results in a predominately

godium-bicarbonate ground-water chemistry.
rhe Pence Lake leasehold lies within the Nations Draw

ground-water basin, which is part of a larger, regional system

corresponding with the Carrizo Wash watershed. Leased sections

with substantial saturated overburden include section 13, T3N,

R17w, and sections 19, 20, 28, 29, 30, and 32 in T4A4N, R16W.

Those in T4N, Rl16W are situated astride the Nations Draw buried

valley. Thus, substantial thicknesses of saturated sand and
gravel may lie adjacent to, or even above, potential mining
arcas. The existence of channel sandstones above and immediately

below the targeted coal zone in this valley suggests that areas

with upward gradients may be widespread.
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Geologic unite may be grouped or subdivided into
hydrogeolegic units, bagsed on their relative water-yielding
characteristics. The manner in which this is done depends upon
the scale at which the system is viewed. Figures 11 and 12
display the relations between geologic units or lithologies and
hydrogeologic units at two scales appropriate for the Nations

Draw ground-water basin.

Figure 11 depicts a scheme that might be used for the entire
basin. It contains major water-yoelding hydrogeologic units 3,
5, 7, 9, and 11, which correspond t¢ the Cretaceous marine
sandstones and the San Andres Limestone/Glorieta Sandstone
interval (Permian). Althcocugh gquite different lithologically, the
latter two formations were combined because the San Andres has
been described as locally permeable in this region (Foster, 1964;
Maxwell and Nonini, 1977) and because the two units are believed
to interfinger in this area (Foster, 19€4). Due to its limited
areal extent, unit 1 (alluvium) is considered a localized
aquifer. Hydrogeologic units 2, 10, and 12 represent extensive
but very heterogeneous intervals containing relatively
discontinuous high conductivity zones. Units 4, 6, and 8 are

aquitards corresponding to tongues of the Mancos Shale.

Figure 12 shows the hydrogeoclogic units that might be
recognized at the scale of the Fence Lake leasehold. Major
water-yielding units include sand and gravel (2), sandstone (4

and 9), and thick coal with underlying sandstone (6). Shale



units % and 7 are aquitards. Onit 1 (sandy clay) acts as an
aquitard relative to the more conductive unit 2, and as an
aquifer relative to the less conductive thin interbeds of

sandstone, siltstone, and shale in unit 3. Where unit 2 is

84

present, ground water [lows toward it from units 1 and 3. Where

it is not present, ground water flows from unit 3 to unit 1.

In contrast to the hydrogeologic units in Figure 11, those

in Figure 12 are hypothetical in relative thickness, but
represent what might be a typical lithologic sequence in the

northeast portion of the lease area. These units change in

thickness, pinch out, and interfinger in a complex fashion over

relatively short distances. With adequate subsurface data,

extent and geometry can be predicted, using fluvial-deltaic

depositional models commonly developed for coal-bearing strata.

their



RECOMMENDA''TONS FOR FURTHER WORK

A conceptual model of groundwater flow throughout the area
in general and in the Fence Lake lease area in particular has
been described. The impetus for this work lies in the need to
prepare a groundwater-control plan for those areas of the Fence
Lake leasehold where mining would be below the water table.
Additional subsurface geologic data exist which were not
available for inclusion in this report. Many of these were
collected in the northeastern portion of the leasehold where
saturated overburden is extensive., These data need to be
incorporated into those maps dealing specifically with the lease
area. In particular, Plates 6 through 11 and 22 through 25 could
serve ag starting points for more detailed maps as mine planning

proceeds.

collection of additional data would obviously improve the
conceptual model presented here and provide more of a data base
for groundwater control planning. Examples of additional work in

this regard may be:

(1) Fracture-trace mapping to indicate areas where greater
than expected mine inflows could occur due to extensive

fractures.
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(2) Identification of places where vertically upward

gradients exist.

(3) Determination of aguifer characteristics in unconfined

portions of the alluvium.

(4) Quantitative modeling as an attempt tc predict both
dewatering needs and the =effect of a large mine in the northeast

portion of the leasehold on groundwater flow patterns.

The first of these may already be in progress or completed.
The second and third should be incorporated into mine planning
for the northeastern sections of the lease area where the
quantity of groundwater encountered will be greatest. High pit
floor uplift pressures may occur in areas where upward vertical
gradients exist. The mining area overlain by unconfined sandy
clay overburden is potentially very extensive. Laboratory
permeameter testing of representative samples from the alluvium
could provide adequate point estimates of porosity and specific
yield. 1If conducted, additional pumping tests should run long
enough so that specific yield and vertical-hydraulic-conductivity

estimates can be obtained from the drawdown data.

Determination of the depth of the ground-water flow system
discharging to Nations Draw in the lease area should be
considered if quantitative flow modeling i1s attempted. Wilson
and Hamilton (1978) used a numerical model based on that of

Freeze and Witherspoon (1967) to show that the effect of a mine
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on an homogenecus and isotropic flow field of regicnal extent
could extend far beyond the 'cone of depression' at the
water-table surface. The effect would depend on the depth and
areal extent of the mine in relation to the depth of the flow
system in which it is located. The Nations Draw basin is
definitely not homogeneous and isotropic. HNevertheless, a single
mined area extending throughout sections 20, 29, 30, and 32 in
T4N, R16W to an average depth of 75 ft below the water table may
constitute, and possibly impact, a significant portion of the
basin if the effective base is at the Rio Salado Tongue of the

Mancos Shale.

According to Johnson (1983), the decision as to how involved
guantitative evaluation methods should be depends on two factors.
The first is the amount of accuracy needed. A large mine may
regquire a complex water handling and treatment system which must
be matched to estimated dischargés. An intensive study utilizing
both analytical and numerical modeling would then be warranted.
For smaller mines, factor number two, the hydrogeologic system,
is more important. Relatively simple hydrogeology around the
mine area would allow more confidence in application of the
limiting assumptions of analytical models. The complexity of
groundwater flow patterns in the leasehold vicinity indicates
that care sﬁould be taken in cesigning a groundwater control
plan, especially if a single large mine is to be developed in the

northern half of the leasehold.
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sl b= Breords of wells and springs excinding Salt River Project monitering and observation wells; see explanation at end.
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Tocation 5,350 Wall Mame Cdata Type W Dep GSE WL Dep WL Date WL E Aquifer Yield ML, PS Use
C?.11.01.122 AR Taylor Well brid R 285 7164 ™ W s 2
C2.0hn3 s ADMM Preachar Drid R 80 7412 T4 W S bF

2.11.05.421 AWM Prld R 190 7325 TV W s Ni
£2.14.06.21L AAM brld R 400 7500 8 C E D 2
2.14.08.411 MV Myrtle Cox 1967 Drld R 221 7380 TS/ T8 N N N B
C2.14.10.114 ADNA Nrid R 300 7Az20 TS/TB W s !
21112112 ADR Nelson Wel) Drld 7439 W S M
C2.14.17.3% ADAM hrid 7420 W s M
2.1 1.2 ANAM wld 7550 R 340 7210 S 3
C2.14.13.424 ADMM Drid R 520 74A75 R 96 06-14-79 738% T W 5 bt
C2.74.20, 2344 ADRM Mvore Uell nrld R B30 7311 T8 W S M
C2.14.20.344 AR fower Well Drid R 100 7296 R 47 06-14-79 7249 TS W s M
2.15.05.2123 MARS Mariano Spr o} 7123 0 01-17-86 7193 18 <1 S M
C2.15.06.121 MAPS M. Maisel Drld R 200 7030 *52 12-06-85 <7038 TB 5P p W s N
2.1%.09.223 MAPS  J. Carrall 2964 Urid R 450 7520 05-28-86 »>7095 TB R10 C E 5,D it
C2.1%.12.221 DN Jenaon Well prid R 430 7628 TS/TB W s l
C2.15.18,242 MADPS V. Swears prlad R 380 7325 ™ <1 N s o* Mt
1.2.15.1R8.242 MARS V. Swears 1986 prid 500 7325 *R 233 01-21-86 7092 'IB Rl P G D b}
2.15.1R.,420 MARS  J. Marron Al283 prld R 575 7380 ™ R20 E E iy
2.15,23,132 MARS  F. Rall BL240 prid R 178 7328 ™ |4 w S j2)
2.15.24.441 ANAM E. Ball Drid R 230 7320 T C B D Mt
C2.140.03.471 MARS M. Maigel Drld R 200 67960 KIM C B D M
C2,16,05,214 THRIM  F. Hubbell nriad J097 A5 P W S M
2.16.09,223 TRIM  Gillentine 1985 prid ano 6280 *56 11--29-R5 6924 TB, KM R3 N N D* N
L2.16.03.312 M 0. Maisel 1979 Dhrld 172 624D 70 12-06-R5 6870 KM N N N 1
2.1A.10.133 T 0, Maisel Prid 104 6925 €68 05-14-85 6857 KU P W 5 Ue
2.16.12. 110 MAPS M. Maisel 1982 rid 7150 R 225 0%-14-85 6925 C s L
2.15.13.213 HMAPS  J. Armstrong Drld R 250 7452 TU W S Ml
C2.16.19.342 TR Drld 51 6779 27 05-14-35 6752 QAL p W s U
C2.16.20.324 M Drid &720 P ] 5 M
2.16,21.434 ThIM Drid 74 6835 32 12-06-85 6852 OAL N N s* N
2.16,22.122 TEIM MeHinley 1967 Drld R 247 6067 KMH Al P W 8 S
2.16.21.424 HARS pPadilla brid R 380 7218 ™ P I S NL
C2.17.01.443 THM  Chaver Drlqd R 90 6535 KM w D Nt
2.17.05,233 ITAPM Little Wells Drld R 64 6555 30 05-14-85 6525  QANL/RMH cC E ] ue
L2.17.07,343 LARM SRP 1983 Drld 1601 6700 148 07-10-84 6552 KAR/KMR N N I t
162 01-17-86 6538 '
€2.17.11.333 TR Mew Wall Al960 Dprid 87 6670 72 05-23-85 6598 OAL P W S s
C2.17.13.242 THIM  Spring 0 7050 0 03~12-81 7050 TV Bt
C2.17.18.343 LARM Finch Walt rid 6780 W S ML
C2.17.23.121 TEIM  Mesa Ranch Drld R 250 6770 KM C E D N
2.17.24.,423 TFIM Brierley 1966 Drld R 160 6840 R &0 01-22-86 »>6760 FMH c B D NM
03.14,07.314 ADAM Drid R 170 7250 TB o} E D ML
3.14.09.212 VFI™ Drild 7535 W s NU
Ci14.13.191 APAM Hayes Well Drid R 400 7298 KM W S ML
C3.14.16.133 ADRM nrld 7270 W S ML
73.11.21.443 ADAM Drid R 235 7380 R 215 06-06-79 7165 TR C B D ML
C3,14.24.311 ADMT MW" Drld R 200 7416 TB W S ML
3.14.28.212 ADAM brld R 200 7362 TR W 8 N
C3.14,29,.314 AP Toms Rock Drid 7397 W s NU
3.14.30.222 A Lee Uright hrid 7356 W 5 N
*3.15.05.013 TR F. A. Hubbell 1961 nrid 150 6935 72 05-21-85 6363 KM 2 P w 5 Us
21510421 MARS prld 127 7103 113 01-17-B6 6920 KM P w s* 14
3.15.20.323 MAPS Wakh Well Drld 104 7111 P 87 05-21-85 7024 B C E s us
C3.15.22,112 MARS  Cottonviood Spring 0 7300 0 03-24-81 7300 TB SR
3.15.27.312 MARS Crossman AL946 Drld R 240 7355 R 200 10-20-75 7155 1B R10 P W S SR
C3.15.2R.121 MARS Barton Al%44  Drid R 240 7210 R 200 10-20-75 7010 TB R10 C E D,s Sk
3.15.31.424 MARS Maisel Ranch Drld 180 7174 143 05-14-85 7031 TB P W s Us
3.15.33.1434 MAPS  Tones $ell prld R 100 7345 TB c E D M
1.3.16.02.323 TFCH F. Hubbell 1961 brld 270 6790 74 10-04-85 6716 KMH N N g* N
L3.16.06.123 CPTo Strang Cabin Drild 62 6660 57 12-27-85 6603 KMHL N N s* MM
3.16.22.331 TR M. M. Ranch Drid 116 6990 88 05-21-85 6902 TB c E D us
3.16.24.142 MARS M, M. Ranch Drid 11 7012 90 05-21-85 6922 KMH P W s us
C3.16.26.443 MARS  Maisel Drld R 200 7115 KMH W 5 248}
1,17.08.123 F1.SW F. Hubbell Drid 40 6510 30 05-14-85 6480 KM P W 5 Uvs
C3.17.08.141 F1&W  Garcia Spr. 0 6520 0 01-22-86 6520 KMHML <1 5 b
C3.17.10.223 CPTO  Tejana Windmiil Drld 6620 P W S &R
*3,17.12.314 TRM V. Strang brid 138 6657 P 53 05-21-85 6604 KMHL P W s SR
3.17.14.442 TEIM  Old Tej Well Drid 67083 120 10-05-85 6588 N N S* ™
3.17.24.232 "I SRP prid 248 €755 49 05-21-85 6706 KMH P A s us
€3.17.29.111 LAPM  Jeremillas Drid 63 6430 36 05-23-85 6444 QAL P A S us
3.18.02.223 FISW  Carter Well 1978 DPrid R 186 6390 R 90 01-20-79 6300 KIXT,KDP R30 P G S SR
€3.18.22.232 LARM  Jerry Viell 1943 Drid R 400 6324 R 120 01-20~79 6274 KDT,KDP R20 )4 W 5 SR
C3.18.25.243 IARM  Tapia Well Drid R 20 6440 QAL 5 P W S NU
C3.18.26,211 TAPM  Whitlay Drid R 60 6415 OAL/KMR? 4 P W s MU
C3,18.33.233 TARM New Well Drild 64565 P W [ BL
14.14.14.133 VET™ D. K. Fischer 1973 Drid R 308 737G *R 200  04-10-78 7170 rH 8 S Bil
4.14.19.211 VETM 1982 Dprld 7580 R 260 7320 5 us
14.14,30,140 VEM Fred Black Drid 265 7400 KH 5 Bl
C4.15.04,.423 TFCH . Cox Prld 7630 12 C E s
A 150190134 TECH He Moore Drld R 178 69901 e <1 P W S BL
1.15,22.272 e F. fubhbeil B1940 Drld R 345 7410 K P G S BIt
14.15.31.231A  TRUH South Well Drld 191 6973 95 05-21-85 6R78 KM P W SI U



Arperliv

{oont'd}

Ao Lrcation Cuad Well Name Ciate Type W Dep GSE WL Dep WL Date WLE Aquifer Yield ML PS Use s
[ 4.15.31.2138  1TcH nrid 142 6973 125 05%-21-85 6847 r N us
195 C1.15.33.114 TFCH . Hubbel) Drld 175 7100 118 (5-28.86 6982 KMH 3 P v s e
15 C4.15,34.324 TFCH F. tubbell Drid 7092 1 P W s [
(A 4.15.04.241 CH1o J. C. Hrowm hrin 6970 279 12-18-20 6691 P W S us
159 4.16,07.212 CTTO Montano 1971 Drld R 230 €n70 115 02-11-81 6685 KMHL P \ S us
161 4.16.07.432 CPRO Montano 1980 prld R 120 6840 83 02-11-81 €757 KMIL <1 P W s s
a6 08-20-83 6754 SR

Tet CH1A6.IN033TA CPTD T. Williamsen Drid 280 22N 141 12-17-80 6719 KMl 1 P E D,S us
185 C4.16.10.3318 crro T Williamson brld 230 6840 KrMH 1 )4 E S us
16 4.16,11.332 TRCH T, Williamson prid 6394 153 12-17-80 6741 P s us
167 C1.16.12.221 THECH Drid 215 7040 107 05-28-86 6932 KMH 2 P W S NM
170 c4.16.12.241 Cro Crro Prto Wm brld R 155 6700 53 02-11-81 6647  KMHL W s us
53 08-20-83 6647 SR

179 TA.1A.,24.4) THECH Mmvis, North brid 212 690N 128 05-28-86 6772 KMH N N s* MM
1930 4.17.726.141 THCH  Siongle Mill nrigd 130 6795 108 05-14-85 6686 KM P W g* us
131 4.16.26.314 TFCH F. tlubbell brid 285 6780 50 10-04-85 6730 KW M N s* MM
1176 *1.16.30.421 CrTo FL30O 1983 pDrld 177 6666 46 09-07-83 6620 QAL 200 1 SR
203 C4.16.31.111 CPrTO 1.. S. Brown rld 79 6643 P 45 (9-28-83 6596 QAL P W S SR
P 11 05-14-85 6632 us

20 14.16.32.210 crm™ F. A. Hubhell 1961 prid 410 6675 KM N N N BIL:
g 4,16.33,341 o Aperlaca Vm. Driad R 390 6718 A8 09-27-83  BB3C KM P W 5 SR
210 4.17.03.3240 Cr'M Green Helld Drid (R20 100 10-13-R0 6720 S us
S0 C1.17.03.3241 Y tharkinez W, 1980 Drid 6820 117 10-13-80 6703 2 P W S tis
B C4.17,04.233 M M. Aell Dridg en08 L P W S5 us
227 *4.17.08.121 FLSW  M~1anoso Vm. prid 252 6846 189 10-14-80 6656 KMHL 2 p W S us
221 C4.17.10,211 CiMiv Lncero i, Driad R 435 6737 Kir B W s us
232 c4.17.23.212 CP10 Taylor Wm. brid 270 6745 27 CR-20-R3 6648  KMHL 2 P W S Us
97  (01-06-81 6648 SR

100 01-22-86 6645 M

217 14.17.23.113 1584 B. Cox 1951 ©prid 150 B6/10 RTHL 16 C G 3 BL
253 A.17.36.111 CFTO  Dipping Vat brid 41 6610 40 09-283-83 6570 KMHL P W s SR
*4,17.36.121 CETo FL36 1983 prlad 1080 6624 *+191 09-26-83 6815 KM 162 C E I SR
*3,1R.03.412 F18W Meyers 1951 Drid 480 7300 337 10-31-80 6963 KM, RS0 P G 8 U
1A4.18.03.414 15w B. Cox Drild 450 73003 KMHL, R4AD P W S RL,
4.19.05. 141N FT& Semi-Tonesome brld R 320 7339 192 10-31-80 7147 KMM P W S us

263 C4.17.05,14490 IS Cox briad R 320 7339 164 10-31-80 7175 KMM 4 P G s us
26 4.1R.05.212 F1.8W Drrison Prid 7315 133 10-08-80 7181 4 w us
A6 C1.18.28.211 ETSW Hew Sr Spr. 0 6630 0 11-20-80 6630 KAR S s
20 14.18.35.331 FLSW  R. L. Cox 1944 Drld 300 6513 KDT, KDP Bl
C4.18.36.312 FI & Faenjeda v, Crld 6566 120 11-20-80 64146 4 P W s us
243 5.15,28.431 CHIM  C. Cox Drld R 500 7490 R 261 12-16-80 7229 KMH 4 =) G s us
27 5.15.31.222A T H. Trwner Drid 710 7425 R 320 12-04-80 7105 KM 20 C E D s
27 5.15.31.2228 TFCH H. Texmner Prld 7422 406 12-04-80 7015 N N N us
231 5.1A.31.441 [alMd1e] Montano Drld R 300 6230 57 s 02-11-81 6923 KAR P W 5 US
271 C5.16.36.131 TR Spring 0 7200 0 12-17-80 7200 TFL s use
2IA 5.17.31.211 FLSW R. Cox brld 425 6968 KMHL 3 P G S usi




APPENDIX 1, EXPLANATION

Acc (accession number): unique number, assigned this study {see
(Plate 1)

Location: State Engineer's well location number;
¢ before the location number = chemical analysis available
(Appendix 5), L = log available, * = both chemical analysis
and log availlable

Quad (quadrangle): USGS 7.5 minute topographic map on which well
is located; key to abbreviations given below

Well Name: based on owner, tenant, or name on USGS 7.5 minute
topographic map

Cdate (construction date): year constructed; A before the year =
approximate, B before the year = well constructed generally
before that year

Type {(type of well): Drld = drilled and other types of wells;
blank = spring

W Dep (well depth): depth in feet below land surface; R before
depth = reported value, value of 0 = spring

GSE (ground-surface elevation): elevation in feet of land surface
at well or spring

WL Dep (water-level depth): depth to water in ft below land
surface; P before depth = pumping well; > = minimum depth; R
before depth = reported value; D = dry well; blank space =

depth not known; * before last entry = perforation data
available in source; + = height above ground for flowing
wells; value of 0O = spring

WL Date (water-level date): date value measured or reported

WL E {water-level elevation): elevation of water level in ft; < =
dry well and thus maximum elevation; > = minimum elevation
(number given = reported pump setting elevation), if same as
GSE = spring

Aguifer: / between names = composite agquifer; comma between names
= multiple agquifer; key to abbreviations given below

Yield: maximum production rate (gpm); R = reported value

ML (method of 1ift): C = centrifugal pump, N = none, P = plunger
or cylinder pump

PS (power source): E = electric motor, ¢ = gasoline engine, W =
windmill



APPENDIX 1 {cont'd)

Use {use of water): D = domestic, I = industrial, S = stock, N =
not used; * after use = purpose for which well intended if
not in use

Srce (data source): BLM = US Bureau of Land Management, NMBMMR =
New Mexico Bureau of Mines and Mineral Resources, NURE =
National Uranium Resource Evaluation (conducted by US
Department of Energy), SRP = Salt River Project, USGS = US
Geological Survey

Aquifer Abbreviations

Quaternary
QAI, = alluvium

Tertiary

TFL = Fence Lake Formation

TV = Tertiary volcanic rocks

TS = Spears Formation

TB = Baca Formation

TU = undifferentiated Tertiary rocks
Cretaceous

KMHM = Middle Member of Moreno Hill Formation

KMHL = Lower Member of Moreno Hill Formation
KMH = Moreno Hill Formation, undivided

KAR = Atarque Sandstone

KMR = Rio Salado Tongue of Mancos Shale

KDT = Twowells Tongue of Dakota Sandstone
KDP = Paguate Tongue of Dakota Sandstone
KDM = Main Body of Dakota Sandstone

Quadrangle Abbreviations

ADAM = Adams Diggings

CPTO = Cerro Prieto
FLLSW = Fence Lake SW
LARM = Lake Armijo

MARS = Mariano Springs
TECH = Techado

TEJM = Tejana Mesa

VETM = Veteado Mountain

CHIM = Chimney Hill

30
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Appendix 2. Source of nonconfidential subsurface stratigraphic data; see
explanation at end.

Surface
elevation Depth Type
acel Iocation (ft) (ft) Data source of 1og?
2 2.14.02.110 7511 6030 Transocean 0il G, C
22 2.16.03.114 7030 265 NMBMMR C
26 2.16.09.312 6940 175 PMBMMR C
28 2.16.11.222 7100 4596 Transccean G
39 2.17.09.343 6700 1001 SRP G
46 2.18.15.223 6740 427 NMBMMR G
56 3.15.05.413 6235 150 BIM, water well DL
64 3.16.02.323 6790 270 BIM, water well DL
66 3.16.06.123 6670 62 NMBEMMR G
o7 3.16.06.133 6747 240 SRP, monitoring pt. S, PA
o8 3.16.06.212 6670 59 NMBMMR R
69 3.16.06.231 6690 2602 Cleary Petroleum G
70 3.16.07.443 6780 480 SRP, monitoring pt. C, PA
77 3.17.02.141 6704 200 SRP (317-2-13) G
78 3.17.02.211 ©676 200 SRP (317-2-21) G
79 3.17.02.232 5846 300 SRP (317-2-2) G
80 3.17.02.311 6704 180 SRP (317-2-31) G
81 3.17.02.332 6700 180 SRP (317-2-3) G
82 3.16.02.422 6713 150 SRP, monitoring pt. C, PA
83 3.17.02.432 6665 160 SRP (317-2-4) G
84 3.17.02.434 6637 120 SRP (317-2-SC1) G
88 3.17.09.214 0680 197 Santa Te Minerals G
89 3.17.09.323 6757 277 Santa Fe Minerals G
o1 3.17.10.214 6614 157 Santa Fe Minerals G
92 3.17.10.323 6625 157 Santa Fe Minerals G
93 3.17.10.421 6625 120 SRP (124) PA
94 3.17.10.424 6624 140 SRp (105) G
95 3.17.10.424 640 120 SRP, monitoring pt. G, PA
96 3.17.10.424 6627 80 SRP (117) PA
97 3.17.10.444 6671 100 SRp (118) PA
98 3.17.10.444 6684 180 SRP (104) G
99 3.17.10.444 ©707 180 SRP, monitoring pt. G, PA
100 3.17.11.113 6639 210 SRP (317-11-113) G
101 3.17.11.142 6640 220 SRP, monitoring pt. S, PA
102 3.17.11.143 6639 200 SRP (317-11-8C4) G
103 3.17.11.211 6635 145 SRP (317-11-5C1) G
104 3.17.11.212 6658 109 SRP (317-11-21) G
105 3.17.11.222 60685 120 SRP (126) G
106 3.17.11.313 0635 140 SRP (108) G
107 3.17.11.321 6639 200 SRP (317-11-8C3) G
108 3.17.11.323 6640 200 SRP (317-11-5C2) G
109 3.17.11.323 6637 410 SRP (317-11-3, 122) G
110 3.17.11.331 6601 160 SRP (317-11-33) G
111 3.17.11.331 6646 140 SRP {114) G
112 3.17.11.331 6645 140 SrRP (107) G
113 3.17.11.332 664l 80 SRP (121) PA
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Appendix 2 (cont'd)

Surface

elavation Depth Type
accl Location (ft) (ft) Data source of Log2
114 3.17.11.332 6666 160 SRP (115) G
115 3.17.11.333 6657 160 SRP (106) G
116 3.17.11.334 0644 180 SRP (113) G
117 3.17.11.334 6650 180 SRP (109) G
118 3.17.11.342 6648 190 SEP (111) G
11% 3.17.11.342 6642 180 SRP (110) G
120 3.17.11.344 6643 180 SRP, monitoring pt. G
121 3.17.11.400 6659 200 SRP (317-11-4) G
122 3.17.12.143 6686 200 SRP, monitoring pt. C, PA
123 3.17.12.314 6680 101 NMBMMR G
124 3.17.13.114 6698 210 SRP, monitoring pt. G, PA
125 3.17.13.133 6705 220 SRP (317-13-13) G
126 3.17.13.214 6730 260 SRP (317~13-2) G
127 3.17 13.222 6763 280 SRP (317-13-22) G
128 3.17.13.222 6763 380 SRP (317-13.22X) G
129 3.17.13.341 6714 400 SRP (317-13-3) G
130 3.17.13.423 6732 303 SRP (317-13-4) G
133 3.17.16.214 6795 277 Santa Fe Minerals G
134 3.17.16.323 6720 257 Santa Fe Minerals G
147 4.14.05.114 7325 400 NMBMMR. G
148 4.14.14.133 7370 305 BIM, water well DL
149 4.14,30.140 A7420 265 BILM, water well DI,
151 4.15.18.134 6997 176 BIM, water well DL
153 4.15.31.213 6973 211 BIM, water well DL
157 4.16.03.321 5980 260 MNMBMMR G, C
160 4,16.07.223 6850 77 NMBMMR G
162 4.16.07.434 ©845 211 MNMBMMR G
163 4.16.10.131 5920 272 NMBMMR G
168 4,16.18.421 6790 116 NMBMMR G
169 4.16.18.421 6779 190 SRP, monitoring pt. S
171 4.16.19.423 6690 132 SRP, monitoring pt. G
172 4.16.20.132 6711 157 Santa Fe Minerals G
173 4,16.20.232 6722 197 Santa Fe Minerals G
174 4.16.20.323 6700 237 Santa Fe Minerals G
175 4.16.20.432 6703 180 SRP, monitoring pt. G, C
176 4.16.40.432 5704 180 Santa Fe Minerals G
178 4.16.22.121 6810 280 MNMBMMR G
179 4.16.24.400 65900 212 SRP (1982), water well DL
182 4.16.27.122 6810 250 NMBMMR G
183 4.16.28.123 6695 178 Santa Fe Minerals G
184 4.16.28.214 6730 317 Santa Fe Minerals G
185 4.16.28.214 6736 260 SRP, monitoring pt. G
186 4.16.28.341 o680 258 Santa Fe Minerals G
137 4.16.29.123 5680 237 Santa Fe Minerals G
188 4.16.29.211 6691 67 MMBMMR R
189 4.16.29.214 6682 143 Santa Fe Minerals G
120 4,16.29.323 06064 258 Santa Fe Minerals G
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Appendix 2 (cont'd)

Surface
elevation Depth Type

Accl Location {ft) (ft) Data source of Log2
191 4.16.29.423 6674 177 Santa Fe Minerals G
192 4.16.29,44] 6674 159 SRP, monitoring pt. S
193 4.16.30.223 6668 200 SRP (416-30-2) G
124 4.16.30.243 6668 200 SRP (416-30-8C1) G
195 4.16.30.323 0648 200 SRP (416-30-3) G
196 4.16.30.421 6666 239 SRP {FL30) G
129 4.16.30.424 6660 49 NMBMMR R
200 4.16.30.432 6659 120 SRP (416-30-SC3) G
201 4.16.30.443 6659 100 SRP (416-30-~-5C4) G
202 4.16.30.444 6655 200 SRP (416-30-44) G
204 4.16.31.233 5690 258 NMBMMR G
205 4.16.32.132 6716 235 SRP (416-32-1) G
206 4.16.32.210 6670 10 SRP (1982), water well DL
207 4.16.32.311 6734 170 SRP, monitoring pt. Co
208 4.16.32.323 6721 220 SRP (416-32-323) G
209 4.16.32.324 6727 340 SEP (416-32-324) G
210 4.16.32.331 6752 360 SRP (416-32-33) G
211 4.16,32.413 6747 200 SRP, monitoring pt. S
212 4.16.32.442 6755 300 SRP (416-32-44) G
214 4.16.35.333 6754 620 Northwestern Resources G
215 4.17.01.444 0940 276 NMBMMR G
216 4.17.02.214 6900 237 NMBMMR G
217 4.17.02.314 6875 237 MNMBMMR G
218 4.17.03.312 6870 233 MMEMMR G
222 4.17.08.121 6846 225 SRP (1982), water well DL
223 4.17.08.242 6781 4493 Tiger 0il G
225 4.17.12.314 6985 257 NMBMMR G
226 4.17.13.213 6870 247 NMBMMR G
227 4.17.13.342 6790 257 Santa Fe Minerals G
228 4.17.14.143 6810 248 NMBMMR G
231 4,17.23.113 6740 229 NMBMMR G
233 4.17.25.143 6671 310 SRP (417-25-14) G
234 4.17.25.222 6712 240 SRP (417-25-22) G
235 4.17.26.131 o807 280 SRP (417-26-1) G
236 4.17.26.211 6676 140 SRP (417-26-21) G
237 4.17.26.212 6076 200 SRP (417-26-SC1) G
238 4.17.26.223 6664 200 SRP (417-26-5C2) G
239 4.17.26.223 6656 150 SRP, monitoring pt. C
240 4.17.26.322 6659 55 SRP (417-26-32) C
241 4.17.26.344 0069 200 SRP (417-26-34) G
242 4,17.27.141 0848 357 SRP (417-27-1) G
243 4.17.27.232 0840 270 SRP (417-27-2) G
244 4.17.27.324 6836 275 SRP, monitoring pt. Co
245 4.17.27.424 6669 200 SRP (417-27-42) G
246 4.17.27.434 6740 200 SRp (417-27-43) G
247 4.17.28.113 6650 150 SRP {(1982), water well DL
249 4,17.34.122 0672 160 SRP {417-34-12) G
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Appendix 2 (cont'd)

Surface
elevation Depth Type

acclt Iocation (ft) (££) Data source of Log2
250 4.17.34.144 6714 260 SRP (417-34-14) G
251 4.17.34.433 6573 175 SRP, monitoring pt. S
252 4.17.35.342 6680 180 SRP, monitoring pt. C
254 4.17.36.122 6624 1080 SRP (FL36) G
256 4.17.36.244 6629 44 NVBMMR R
257 4.17.36.343 6775 198 SRP (417-36-34) G
258 4.17.36.411 6669 130 SRP, monitoring pt. o)
259 4.17.36.444 6670 160 SRP {417-36-44) G
260 4.18.03.442 7302 480 SRP (1982), water well DL
261 4.17.03.444 7303 450 SRP (1982), water well DL
265 4.18.11.211 7330 438 NMBMMR G
267 4.18.35.331 6513 300 SRP (1982), water well DL
272 5.16.31.413 7020 263 NMBMMR G
275 5.17.31.211 7145 1060 MNMBMMR G
277 5.17.34.143 0910 277 NMBMMR G
278 5.18.33.143 7290 395 MMBMMR G

1 Accession number, see Plate 1

2

G
C
Co
DL
R
PA
S
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b

gecphysical logs
cuttings

core

driller's log
NMBMMR recharge study (Stone, 1984)

Fence Lake No. 1 Mine permit application (SRP, 1986)
monitoring well construction schematic
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Aarpendix 3 - Construction details for monitoring and observation wells (from Seifert and Greenberg, 1985: SRP, 1986; SRP, unpublished
explanation at end.

files); see

Sealed Gravel Screened Borehole Casing
Aceession Well name Depth Depth of interval pack interval diameter 1.D. Lithology
rumber (£t) casing (ft) (£t) (ft) (ft) (in) {in)
67 316-06-13ML 172 170 NCNE 138-172 145.0~165.0 7-7/8 4 ss{ac)
87 3l6-06-13M2 210 208 183-188 188-210 193.0-203.0 7-7/8 4 coal
70 316--07-44ML 227 225 190-19% 195-227 200.0-220.0 7-7/8 4 sg{ac)
22 317-02-42M1 150 150 118-123 123-150 125.0-145.0 7-7/8 4 ss{bc}
22 317-02-420B1 150 150 116-121 121-150 125.0-145.0 6-1/4 2 ss{bc)
a5 317-10-42M1 110 103 70- 75 75-110 78.5- 98,5 7-7/8 4 ss({bc)
a5 317-10-42M2 78 532 ] 40—~ 45 45~ 78 63.0~- 6R.0 7-7/8 4 coal
95 317-10-42081 100 29 65— 75 75-100 79.0- 99,0 5 2 as{bc)
29 317-10-44M1 167 155 120-125 125167 135.0-150.0 7-1/8 4 sa{bc)
39 317-10-4aM2 18 105 NONE 97-108 99.0-104.0 5 2 coal
m 317-11-14M1 155 150 NONE N 85.0-135.0 13.0 10 al{s & g)
1ot 317-11-14001 120 110 MCNE 75-110 85.0-10%.0 7-7/8 4 al{s & g)
101 317-11-140R2 205 205 170-175 175-205 180.0-200.0 7-7/8 4 sa{ba)
120 317-11-311 137 133 1n8-113 113-133 118.0-128.0 7-7/8 4 ss{bc)
120 317-11-34M2 e7 82 45~ 55 55- B7 67.0- 77.0 7-7/8 4 coal
120 317-11-340B1 87 32 52- 57 57- 87 67.0- 77.0 5 2 coal
122 317-12-14M1 177 175 145-150 150-177 160,0-170.0 7-1/8 4 ss(bc)
12 317-12-14M2 131 129 104-109 109-131 114.0-124.0 7-7/8 4 coal
124 317-13-1M1 100 100 S1- 56 56-100 60.0- 90,0 7-7/8 4 al(s & g)
124 3N T7=13-1112 135 135 85~ 90 20-13% 100.0-130.0 7-7/8 4 ss(ac)
124 317-13-1081 124 124 84- 94 94~124 99.0-119.0 6~1/4 2 ss(ac)
124 317-13-1M3 240 240 187-192 192-240 195,0-235.0 7-7/8 4 ss(ba)
124 317-13-10B2 223 221 NCONE BRIDGED 196,0-216.0 5 2 ss(bc)
169 416-18-47M1 190 188 NMOME 145-190 155.0-185.0 7-7/8 4 ss(bc)
171 416-19-4M1 132 132 97-102 102-132 107.0-127.0 7-1/8 4 ss{be)
175 416-20-4M1 158 130 85~ 90 90-158 105.0-125.0 7-7/8 4 al{s & g)
175 416-20-4M2 180 170 NCONE 143-180 150.0-165.0 5 2 ss{bc)
185 416=28-2M1] 260 145 47- 52 527-260 100.0-140.0 7-7/8 4 ss, shlac)
122 416~29-4M1 98 98 ? ? 73.0~ 93.0 7-1/8 4 al{silt)
192 416-29-4M2 179 179 145~150 150-179 154.0-174.0 7-7/8 4 ss{bc)
196 416-30-42M1 184 177 NONE NONE 137.0-177.0 13 10 al(s & g}
197 416-30-420R1 186 106 NONE NOHME 136.0-176.0 6-1/4 4 al(s & g)
198 416-30-420R2 205 205 NONE NOWE 160.0~200.0 6-1/4 4 al & bedrock?
207 416-32-311M1 190 190 135-140 140-120 145.0-185.0 7-1/8 4 sa(be)
207 416-32-31081 190 190 125-135 135~190 145,0-185.0 6-1/4 2 ss{bc)
207 416-32-311M2 140 140 115-120 120-140 125.0-135.0 7-7/8 4 coal
207 416-32-31082 140 140 110-120 120~-140 125.0-135.0 6-1/4 2 coal
211 416-32-41M1 125 195 132~142 142-195% 145.0-160.0 7-7/8 4 ss,sh(ac)
180.0~190.0
2139 417-26-22M1 75 75 48- 53 53~ 75 55,0- 70.0 7-7/8 4 sh(ac)
239 417-26-22081 75 75 ? ? 55.0- 70.0 6-1/4 2 shiac)
232 417-26-22M2 125 125 83- 88 83-125 90.0-120.0 7-7/8 4 ss,sh{ac)
239 417-26-22M3 150 150 129-134 134-150 135.0-145.0 7-7/8 4 coal, sh
244 417-27-32M1 275 275 240-245 245-275 250.0-270.0 7-7/8 4 ss{bx)
251 417-34-43M) 180 150 ? ? 120.0-140.0 7-7/8 4 al{s & g)
252 417-35-34M1 140 139 105-110 110-140 114,0-134.0 7-7/8 4 ss, shibc)
255 417-36-124M1 130 120 47~ 52 52?2-130 20.0-110.0 ? 4 al{s & g?)
258 417-36-41M1 130 130 HONE, 377-130 117.0-127.0 7-7/8 4 ss{bc)
BRIDGED
Key to Lithologies:
al = alluvium (ac) = alvve coal
s & g = sand and gravel {bc) = below coal
ss = sandstone {ba) = bteneath alluvium
sh = shale

(coal, sandstone, and shale are all within the Morenc [ill Formatien)

(X
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Arrenddix 4 - Records of Salt River Project monitoring and observation wells. See Appendix 3 for key to lithology; SWE = static
water elevation. Water quality data available in $alt River Project (1985, 1986) or Seifert and Greenberg (1984).

Ground sur face Screened
Aession elevation interval Date Depth to
nomher Well name {£t) {ft) Litholoay measured water (ft) SWE Mean SWE
a7 316-6-13M1 6746.76 145-165 ss{ac) 9-14-84 128.5 661B.26 6618.23
7-24-86 128.56 £618,20
67 316-6-12M2 6746.76 193-203 coal 9-16-84 144.3 £602,46
1- -85 144.2 6602, 56 6602.50
4- -RB5 144.22 €602.54
7-24-86 144.31 6602.45
70 316-7-44M1 6780.53 200-220 ss{ac) 9-14-84 122.25 6658.28 6658.50
7-23-86 121.80 6658.73
32 3} 7-2-42M1 6713.38 128-145 ss{bc) 9-17-84 129.60 ©583.80
1- -85 129,50 ©583.90 6583.83
4- -8S 129.70 6583.70
4-16-86 129.48 €583.92
25 J17-10-42M1 €640.10 78.5-98.5 as{be) 9-16-84 68.21 6571.89 6572.33
7-24-86 67.33 6572.77
a5 317-10-42M2 6640,10 63- 68 coal 9-16-84 64.94 £575.16 6574.29
7-24-86 66.68 6573.42
95 317-10-42081 £640.10 79- 99 zs{bc) 9-16-84 683.43 6571.62 6571.62
39 317-10-44M1 6707,20 135-150 ss(be) 9-16-84 135.16 6572.04
1- -85 134.94 6572.26 6572.20
4- -85 135.23 6571.97
7-24-86 134.67 6572.53
99 317-10-44M2 6707.20 99-104 ceal 9-16-84 DRY <6EN3,2
1~ -85 DRY <6603.2 <6603.20
4- -85 DRY <6603.2
7-24-86 DRY <6603.2
101 317-11-14M1 6639.86 85-135 al{s & g) 3-20-84 67.20 6572.69
- -85 66.95 6572.95 6573.00
7-24-86 66.50 6573.36
101 317-11-1408} €639,86 85-105 al{s & qg) 9-20-84 62.70 6577.10
1- -85 62.71 6577.09 6577.22
4- =85 62.63 6577.17
7-24-86 62.28 6577.52
101 317-11-14082 £639.86 180200 ss({bal) 9-17-84 60.76 6579.04
1- -85 60.65 6579.15 6579.07
4~ -85 60.67 6579.13
12486 60.83 6578.97
120 317-11-34M1 6642.70 118-128 ss{bc) 9-07-84 53.B0 65R9.00
1- -85 53.70 6589.00 6589.03
4- -85 53.69 6589.01
7-24-86 53.59 6589.11
120 317-11-34M2 6642.70 67~ 77 coal 9-16-84 57.90 6584,80
1- -85 57.89 6584, 81 6585,00
4~ -85 57.30 6585.40
7-24-86 57.7¢ 6584.,94
122 317-12-14M1 6686.5 160~170 ss{bc) 9-14-84 87.70 6598.80
1- -85 88.30 6598.20 6598.23
4- -85 88,54 6597.96
7-23-86 88.52 £6597.98
122 317-12-14M2 6686.5 114-124 coal 9-15-84 85.60 6600.90
1- -85 85.58 6600,92 6600,76
4- -85 85,94 6600.56
7-23-86 85.85 6600.65
124 317-13-1M1 6697,60 60~ 90 al(s & g) 9-15-84 DRY - <6607.60
1- -85 DRY <6R07.60 <6E07.60
4~ -85 PRY <6607.60
7-23-86 DRY <6607.60
124 317-13-1M2 6697,60 100-130 ss{ac) 9-15-84 96.15 6601.45
1- -85 96.01 6601.59 6601.42
4- -85 96.14 £601.46
7-23-86 96.42 6601.18
124 317-13~10B1 6697.60 99-119 ss{ac) 9-15-84 96.55 &601.05 6601.05
124 317-13-1M3 6697.30 195-235 ss(bc) $-15-84 97.75 6600.15
1- -85 97.78 6600.12 6599.96
4- -85 97.90 6600.00
7-23-86 98.04 6599,56
124 317-13-10B2 6697.60 196-216 ss(bc) 9-15-84 99.32 6598.28 6598.28
169 416-18-42M1 6779.38 155~185 ss{bc) 7-19-85 100.06 6679.32 6679.32
171 416-19-4M1 6689.70 107-127 ss(bc) 9-19-34 59.98 6629.72 6629.68
7-23-86 60.06 6629.64
175 416-20-aM1 6703.00 105-125 al(s & a) 0-12-84 7R.23 6624.77 6624.80
7-23-86 2.7 6624.93
175 416-20-4M2 6703.00 150-165 ss{bc) 9-12-84 77.32 625,83 6625.63
. 7-23-86 77.42 6625.58
185 A416-28-2M1 6735,20 10C~140 sg,shiac) 8-11-84 96,70 £539.20 5640,87

a
7-23-336 93.26 £642.54



rreendix 4 (cont'd)

Ground surface Screened
Arerasion elevation interval Mate Pepth to
rmber well name {£x) (§24} Lithology measured water {ft) SWE Mean SWE
192 416~29-4M1 £674.13 13- 93 al{silt) 9-18-84 43.33 6630,80 6630,97
7-23-86 42.99 6631.14
122 416-29-4M2 €674.13 154~174 ss{bc) 9-18-84 42.81 6631,32 6632,08
7-23-86 41.29 6632.84
126 416~30-42M1 6665.99 137-177 al{s & g) 8-29-83 46.72 6619.27
9-07-83 45.40 6620.59 6620.01
10-06-83 45.83 6620.16
197 416-30-42081 6665.14 136-176 al{s & q) 8-29-83 46.23 6618.91
9-27-83 45,57 6619.57 6619.37
7-24-86 45.5) 6619,63
178 416-30-42082 6664.47 160-200 al,bedrock? 8-26--31 43.94 6620.53
9-27-83 43,55 6620.92 6620.66
7-24-86 43.95 6620.52
207 416-32-311M1 6734.13 145-185 as(be) 9-16-84 122.47 6611.66 6611.47
7-24-86 122.84 6611.29
207 416~-32-311M2 6734.13 125-135 ccal 9-12-84 115,76 6618.37 6618.26
7-24-86 115.97 6618.16
211 416-32-41M1 €747.05 145~160 ss,shlac) 7-23-86 119.20 6627.85 6627.85
180-190
2313 417-26-22M1 6656.27 55- 70 sh{ac) 9-17-84 54.54 6601.73 6602,14
7-23-86 53.71 6602.56
232 4}17-26-22M2 6656.27 90-120 ss,shiac) 9-18-84 61.29 6594.28 6594,28
7-23-86 61.99 6594,28
239 417-26-22M3 6656.30 135-145 coal, sh 9-18-84 57.64 6598.63 6596.44
7-23-86 62.02 6594,25
214 417-27-32M1 6835.92 250-270 ss, sh{bc) ? DRY <6560.92 6561.65
4-14~86 274.27 6561.65
251 471-34-43M1 A6753 120-140 all{s & 7) 9-29-83 A32 AB541 R6541.50
7-23-86 A3l R6542
252 417-35-34M1 6680.01 114-134 ss, sh{bc) 9-19-84 111,32 6568.69 6568,97
4-16-86 110.75 6569.26
255 417-36-124M1 6623.71 90-110 al({s & g7} 9-12-84 39.00 6584,71 6584,71
4-16-86 38.99 6584.72
258 417-36-41M1 6668.94 117-127 ss{bc) 92-12-84 83.92 6585.02 6585.01
4-16-86 83.93 6535.01
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el S = Water apatity daka excluding S8alt River Project menitoring and observation wells; see Appendix 1 for scurce of

data: see explanation at end.

(\s]

-1

nee Location DAte Amifer Ca Mg Na + K HCO3 CO3 804 Cl F N0y H Tmp TLS S P Q
1 2.14.01.122 6-07-79 ™ 3 0 139 165 24 N N 15.5 436 8.9 Y

I 2.11.02.113 0 06-07-79  TU 51 1t B9 215 8] w | 14.0 512 7.9 ¥

a 2.14.06.241 06-15-73 TR 1 o] 176 56 84 M N 15.9 550 %.2 Y

7 2040144 06-07-72  TS/TR? 13 4 134 123 56 N N 15.5 507 8.5 Y
22.14.17.334 0R=08-72  TU 6 0 76 54 20 N N 14.5 295 8.9 Y
19 2.14.1R.424 06-14-79 T 64 18 46 185 0 N N 13.7 452 8.1 Y
11 2,14.19.322  06-14-79 B 4 o] 85 15 &0 N N 16.0 95 9.2 Y
12 2.14,20,344 06-14-73 TS 92 32 62 345 0 N N 13.1 582 7.7 Y
14 2.15.06.121 (6-14-79 m 7 s} 168 230 0 N N 16.9 539 7.8 Y
1A 2.15.12.221 OHB-15-79 TS/ TR? 1 8] 142 o8 20 N‘ N 16.1 464 9.5 Y
17 2.15.18,2400  N6-06-79 ™ 16 3 77 140 10 N N 15.5 260 8.7 ¥
23 2.16.03.47 0H=-14-79 KM 1 0 211 170 &0 N N 15.1 621 2.0 Y
74 2.16,05,244 06-14-79 24 12 41 140 0 M N 16.6 283 8.1 Y
30 2.16.19.342 NA-13-79  OARL 47 14 631 790 Q N N 14.7 695 7.6 Y
31 2.1A.20.324 06-13-79 28 11 319 555 0 N N 16,2 1093 7.8 Y
w0 217.04.443 0 0R-20-79 1 24 18 3\|L 285 0 N N 15.1 312 7.7 Y
A 2.17.05.233 0 06-20-72  OAL/IMH 68 23 275 183 0 N N 14.5 211 7.1 Y
an 2.17.11.333 06-20-79 ORI, 40 20 237 313 0 N N 14.3 242 7.1 Y
A1 82.17.13,242 03-12-81 v 55 21 19 256 Q 23 12.0 0.4 1.7 220 7.0 490 7.7 Y
13 2.17.18,343 06-20-79 104 31 462 223 9] N N 15.5 633 7.0 Y
4ok 2.17.23.12) 06-22-79 KMH 1 0 142 145 50 N N 17.7 508 B.S Y
17 3.14.07.314  06-15-72 TB 4 1 106 160 50 N N 17.5 363 8.7 Y
47 3014013014 060772 ¥MH 95 28 205 196 0 ’ N N 17.0 1115 7.8 ¥
50 3.15.16.133 061572 5 1 269 366 44 N N i4.3 864 8.5 Y
51 3.14.21.443 0H-06-79 ™ 4 2 175 185 2 N N 17.8 578 8.2 Y
22 3.14.24.311 06=-07-72 TR 37 9 136 255 0] N N 15.5 560 7.9 Y
54 3.14,29.344 06-27-79 2 ] 263 232 8 N N 16.9 791 8.0 Y
56 3.15.05.413 05-78~-86 KMH 6 1 174 413 [0} 40 14.0 0.5 0.8 21 16.0 445 650 8.1 Y
3% 53.15,22.112 03-24-81 TB 18 238.0 19 14.0 N 0.1 N 591 8.0 N
&6t 3.15.28.121 0h-12-79 TR 7 0 147 168 o} N N 16.1 505 8.1 Y
75 3.16.26.443 06-14-72 KMH 2 g 136 171 34 N N 15.0 415 8.7 Y
86 53.17,08,141 07-00-79 KMIL 12 2 241 536 180 19.0 1.0 N 7.5 Y
01-22-86 2 3 256 485 0 158 13.e N 19 677 930 6.7 N

M) 3.17.10.223 0 11-04-83 g 2 171 410 1 58 9.2 2.3 0.1 28 16.0 77 8.4 Y
03-29-83 9 0 iB4 366 18 61 11.0 3.2 0.0 N 467 770 8.8 Y

123 3.17.12,314  (5-22-84 KM 24 4 160 366 o] 73 9.6 1.5 0.0 80 14.0 462 730 Y
137 3.17.29.111 06-19-72 QAL 56 31 401 450 4] N N 13.8 372 7.1 Y
1an 3.18.22.237 O7-00-79 KNT,KDP 1 9 247 536 180 19.0 1.6 N 24.0 8.5 Y
2-11-83 1 0 210 452 6 45 13.0 L.5 0.1 4 21.5 844 8.8 Y

G9-27-83 2 0 198 366 30 47 14.0 1.5 0.6 N 21.1 474 860 9.1 Y

bit 3,18.25.243 06-19~79 QAL 56 56 476 457 ] N N 15.7 608 7.2 Y
1y 3. 1R.26.21 06~319-79 ONL/RMR 16 & 36 291 0 N N 15.6 1027 6.9 Y
YRl 3,19,33,233 0 0OR-17-80 5 1 271 365 1 1%0 120.0 2.4 0.0 17 17.0 1291 8.2 Y



appendix 5 (cont'd)

AcC Iocation Date Apiifer Ca Mg Na + K HOD3 QO3 S0y C1 F  NOg H T DS  S¢ it o]
1900 4.15.04.423 12-16-80 33 8 41 219 o] 15 7.0 0.3 0 120 15.5 420 8.0 Y
13%  4.15.34.324  05-28-86 M 87 18 44 360 o 52 12,0 0.2 .8 291 l6.0 391 580 7.1 ¥
176 4,15.34.324 06-28-86 40 10 65 285 0 28 1i.0 0.3 1.6 1141 17.0 299 475 7.6 Y
a3 4.06,10.321A 12-17-80 KW 22 5 %0 231 0 68 5.7 0.7 0.0 7% 533 8.0 Y
145 4,16,10.3718  12-17-80 KM 43 11 122 243 1 200 9.5 0.6 0 150 11.0 846 7.7 ¥
167 A.16.12.22}  05-28-86  KMI 3 0 134 339 0 0 7.4 5.8 0.0 11 17.5 321 500 8.2 Y
170 4.16.19,241  05-29-86  1MHL 57 17 100 353 o 125 8.0 0.6 .3 212 16.0 484 950 7.1 Y
176 4.16.30.421 08-26-83  OAL 17 7 151 394 18 26 7.8 1.1 1.2 N 422 695 9.0 Y
10-08-83 24 6 150 433 0 25 11.0 1.1} 0.0 N 56,0 430 685 B.S Y
10-03-83 23 6 139 433 0 30 7.1 1.1 0.0 N 56.0 422 685 8.2 ¥
03 4.16.31.11 08-29-83 QAL 17 14 175 514 20 5 7.1 1.7 3.7 N 497 820 9.0 Y
05-14-85 28 13 152 563 1 2 6.3 1.4 .9 120 13.0 802 8.1 Y
2200 4.17.03.3248  10-13-80 6 0 382 328 1 520 8.9 1.4 0.2 20 13.5 1782 8.3 Y
221 4.17.04.233 10-13-80 7 0 331 231 1 530 14.0 0.4 0.0 23 14.0 1550 8.3 Y
222 4.17.08,121 10-14-80  KMHL 5 0 121 280 1 44 10.0 0.6 0.0 17 15.0 530 8.4 Y
1-12-81 3 0 117.0 269 38 14.0 N 0.0 N 540 8.3 N
224 4.17.10.211 01-12-31  KDT 24 O 387.,0 224 30 624 14.0 N 0.0 N 1800 8.3 N
232 4.17.23.212  01-06-8L KM 140 27 184 393 1 500 6.4 0.2 .1 460 16.0 14R0 8.1 Y
01-06-82 17 4 178.0 269 0 244 10.0 N 0.0 N 1000 8.1 N
01-22-86 143 24 181 353 0 501 7.4 N 456 1034 1270 6.8 N
254 4.17,36.120 0R-22-83 KM 1 0 162 314 30 35 11.0 0.8 0.0 N 23.3 395 €65 9.4 Y
02-01-83 0 0 163 311 30 31 1.0 0.8 0.0 N 389 640 9.5 Y
10-05-83 1 0 156 221 42 28 11.0 0.6 0.0 N 23.3 348 610 2.3 Y
260 4.18.03.442 10-31-80 KWL 50 32 &5 247 0 66 63.0 0.6 66 260 13.0 795 8.0 ¥
253 4.18.0%.144R  10-31-80 KM 47 8 14 195 Q 21 15.0 0.7 1.8 150 1:4.0 418 7.7 Y
266 54.18.2R8.211  0R-00-72  KAR 14 3 153 374 118 10.4 0.5 N 16.4 6.0 Y
10-30-80 16 3 201 378 1 150 8.6 0.5 0.0 54 13.0 865 B.2 Y
268 4.18.36.312 11-20-80 1 0 170 3 13 00 7.9 1.0 0.2 7 14.0 723 3.0 Y
01-12-81 8 0 173.0 288 37 78 11.0 N 0.0 N 740 8.6 N
274 S§5.16.36.431 © 12-17-80 TFL 110 57 142 451 0 430 14.0 0.4 .4 510 11.0 1550 7.7 ¥

Explanation

Ace (Accession number): unique pumber, assigned this study (see Plate 1)

Incation:

quadrangle.

pate: date sample collected

State Frgineer’s well location number; § before the location number = spring; see Appendix 1 for topographic

Aquifer: / between names = composite aquifer; comma between pames = multiple aquifers; key to abbreviations given below

Ca
Mg
MAa
MNa + K
HCO 4
0‘)3
(=S
2
i

F
0y
Em
TP
L S
s
sl

“

Calotim (ma/1)

MAagnesinm ('n']/L)

soddium (avy/1.)

gadinm plns potassium (pg/L}

Potassium {mg/L)

Bicarronate (mg/L)

Carbonate (ma/L)

sulfate {m3/L)

Chioride {ma/L)

Flunride: N = not available

Nitrate (mg/L)

Hardneas based on carbonate {(mg/L); N = not available
Temperaturs (<degrees C)

Total dissolved solids (mg/L)

Speaific conductance (micromhos/cm)

Hydrogen ion activity of the water

other constituents given in source? Y = yes, N = no

wn wmunu

i

E S N L T N T | B |

Aquifer abbreviations

Cuaternary

Tartinr

QAL = Aalluvium

v

B

Fenea Take Feravee ion

d

18 = Bpears Formation

TB = Baca Formation

TU = undifferentiated Tertiary deposits
TV = Tertiary volnanic rocks

W0
o0

Upper Cretacecus

M) = Upper memhet, Moreno Hill Formation
KMM = Middle member, Moreno Hill Formation
¥MIT, = Lower merber, Morenn Hill Formation
M = Morene | repion, undivided
KAR = Atargue 3andastone

¥MR = Rio Salado Tongue, Mancos Shale

KDT = Twowells Tongue, Dakota Sandstone
¥DP = Paguate Tongue, Dakoita $andstone

KIM Main hody of Dakota Sandstone



Appendix 6. VWater quality data, field observations.

Date Temp. Data

Accl Location sampled (c®) pH sc? Unit sources
1 2.14,01.122 6/18/76 18.0 8.8 478 Tb NURE*
3 2.14.03.113 6/18/76 17.0 8.2 550 Tu NURE*
7 2.14.10.144 6/18/76 17.0 8.1 600 Ts/Tb NURE*
<] 2.14.12.112 6/18/76 17.0 8.3 750 - NURE
10 2.14.18.424 6/18/76 16.5 8.6 479 Tu NURE*
11 2.14.19.322 6/18/76 17.5 8.9 348 Th NURE*
12 2.14.20.344 6/18/76 16.5 7.8 700 Ts NURE*
13 2.15.05.213 1/17/86 5.8 — 290 Bl NMBM
16 2.15.12.221 6/18/76 18.0 9.4 510 Ts/Th NURE*
20 2,15.23.132 5/15/85 14.0 —— 430 Tu UsGs
30 2.16.19.342 7/04/76 18.5 7.9 2500 Gal NURE*
33 2.16.22.122 5/23/85 17.0 _— 520 Kmh UsGs
40 2,17.11.333 5/23/85 16.0 —— 1000 oal Uscs*
49 3.14.13.141 6/18/76 16.5 8.0 1050 Kmh NURE*
50 3.14.16,133 6/18/76 16.5 9,0 680 —_— NURE*
51 3.14.21.443 6/18/76 17.0 8.6 590 Th NURE*
55 3,14.30.222 6/18/76 16.5 8.6 990 _— NURE
56 3.15.05.413 5/21/85 18.5 — 790 Krmh UsGs
5/28/86 16.0 - 530 Kmh NMBM*
58 3.15.20.323 6/17/76 17.5 8.7 580 ™ NURE
€0 3.15.27.312 6/17/76 _— 8.9 460 ™ NURE
123 3.17.12.314 5/21/85 15.0 —_— 670 Kmb1 Uses*
139 3.18.09.223 7/08/76 16.0 8.8 900 Kdt, Kdp NURE
150 4.15.04,423 12/16/80 15.5 8.3 350 — UsGs*
151 4,15,18.134 6/02/76 16.5 8.4 600 Kmh NURE
155 4,15.33.114 5/28/86 16.0 —— 405 Kmh MMBM*
156 4.15.34,324 5/23/86 17.0 e 350 —_— NMBM*
159 4.16.07.212 7/11/76 14.5 8.5 1250 Kmhl NURE
164 4.16.10.331A 12/17/80 _ 8.1 460 Kmh USGS*
165 4.16.10.331B 12/17/80 11.0 7.7 700 Kirh usas*
167 4.16.12.221 5/28/86 17.5 —_— 370 -— NMBM*
170 4,16.19.241 7/11/76 14.3 7.4 925 Kmhl NURE
5/29/86 16.0 -— 6530 Kmhl NMBM*
203 4,16.31.111 7/12/76 13.5 7.9 800 oAl NURE
5/14/85 14.5 — 750 oal UsGs*
213 4.16.33,341 7/12/76 15,5 7.1 610 Kmh NURE
220 4.17.03.324B 10/14/80 13.5 8.2 _— —_— USGs*
221 4.17.04.233 7/12/76 17.0 8.5 1500 _— NURE
10/13/80 14.0 8.3 1550 ——— usGs*
222 4.17.08.121 7/08/76 16.5 8.4 500 Kimhl NURE
10/14/80 15.0 8,1 600 Kmhl UsGs*
247 4.17.28.113 7/08/76 14.0 8.7 700 Emhl NURE
263 4.18.05.144B 10/31/80 13.9 7.6 350 Kmhm UsGs*
264 4.18.05.212 10/08/80 14.5 S— 520 _— USGS
269 5.15.28.431 12/16/80 13.0 9.4 500 Kwh UsGs
270 5.15.31.222A7 12/04/80 15.0 8.9 340 Kmih USGS
276 5.17.31.211 10/20/80 12.5 7.4 450 Kmhl usGes

1 accession mamber, refer to Plate 1 for location

specific conductance, micromhos/cm
3% indicates laboratory analysis available, see Appendix 5; NURE data are from
Maasen et al., 1930



Appendix 7.

Iogs from inventoried stock and domestic water wells, excluding those published by SRP
(1982); logged interval is depth in ft below surface,

Location
Accession Cwner TLogged
number Construction Date interval {ft) Lithology Comments
18 2.15,18.242 0 50 sand
V. Swears 50 -~ 250 packsand (has clay)
1/86 250 - 300 sand water, <l gpm
300 - 380 packsand and
shale streaks {reddish color throughout)
56 3.15.05.413 4] 20 topsoil
SRP 20 110 ghale
9/61 110 = 140 sandstone water
140 150 shale
(completed with 150 feet of 7 inch casing)
66 3.15.05.413 0 21 interbedded siltstone,
Strang shale, and sandstone
Cabin Well
21 53 sandstone
53 62 shale
(from log by NMPM 9/80)
123 3.17.12.314 0 27 alluvium
Strang 27 67 interbedded siltstone
windmill and shale
67 76 sandstone
76 a5 shale/siltstone
as 92 sandstone
(from log by NMBM 2/80)
148 4,14.14.133 o] 11 dirt
D. K. Fischer 11 25 blue sandrock
3/78 25 40 yallow shale
490 95 blue shale
95 145 blue sandrock
145 232 blue shale
232 265 sandrock water, 8 gpm at 250 feet
265 -~ 280 blue shale
280 297 sandrock
297 - 308 blue shale
(310 feet of 6 & 5/8 inch welded casing;
perforations: 250-265}
149 4.14.,30.140 0 10 brown topsoil
F. Black 10 - 100 "white sandrock
8/68 100 - 200 red clay
200 240 red sandrock
240 - 250 brown sandrock water, approx. 5 gpm
250 - 265 yellow clay
(265 feet of 6 7 5/8 inch casing)
151 4.15.18.134 0 %0 blue and yellow clay
H. Moore 20 - 117 blue shale seep @ 90'
117 176 sandstone
153 4,15.31.213A o] 60 fill
South well 60 175 blue shale
J. D. Davis 175 - 210 sandstone water @ 204'
210 211 blue shale

100



Appendix 8. Logs from non-inventoried water wells, excluding those published by SRP
(1982); logged interval is depth in ft below surface.

Logged
Iocation interval
owner (ft) Lithology Comments
2.16.05 0 - 4 mantle
(scuth 1/2) 4 - 20 soft sandstone
H. Phillips 20 - 60 sandy shale
(Mangum) 60 - 82 sticky shale
82 - 90 sandy shale water, 1 gpm
90 - 235 blue shale very dry
2.16.24 0- 17 fill
? 17 - 225 brown sandstone
225 -~ 245 gray sand & boulders
3.14.13.110 0 - 140 malpais boulders,
conglomerate, etc.
140 - 180 coal and blue shale
160 ~ 164 white sandstone
164 - 200 unkrnown
3.14.19.100 0 -120 red sandy shale
Hubbell Ranch 120 - 212 gray shale
212 ~ 213 red clay
213 - 215 sandstone water, 2.5 gpm
215 - 242 gray shale
3.14.24.100 0 - 120 red sandstone water at 120 ft
? 120 - 212 gray shale
212 - 213 red shale
213 - 215 sandstone water
215 - 242 gray shale
5.17.31.430 0~ 75 pack sand
Tom Bell 75 - 125 hard gray sandstone
125 - 172 ?
172 - 175 shale
175 -~ 195 gravel water, 12 gpm
195 - 225 blue shale and sand ¢ inch casing
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