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INTRODUCTION

Water use at the Pueblo of Zuni increases daily. Population
growth coupled with the industrialization and urbanization of the
Zuni-Black Rock area should substantially increase the demand for
water there within the next few years. Installation of more stock
wells with pipeline water systems as functional range management
tools will increase the use of water. Although irrigation within the
Pueblo is based upon the use of surface runoff, the availability of
irrigable land and the need for cash crops could easily increase the
need for water for irrigation in the near future.

Purpose and Scope

This report summarizes and interprets the data available
through August 30, 1972, on the water resources of the Pueblo of
Zuni, New Mexico., It has two complimentary purposes, The first
purpose is to define and describe the water resources of the Pueblo
in as quantitative a fashion as possible. The second purpose is to
outline a program of data collection, research, and water-supply
development that will satisfy the need for water in the rapidly
developing Zuni-Black Rock area and provide a basis for developing
stock and domestic water supplies ‘elsewhere on the reservation.

Sources of Data and Extent of Field Work

Data for this report derived from three sources: (1) pub-
lished reports, (2} unpublished records, and (3) supplemmentary field
work,

Published data utilized are listed under References Cited.
Topographic maps of the U, S. Geological Survey including the 19x2°
St. Johns and Gallup Quadrangles, (1:250, 000) and parts of the Upper
Nutria (1963) and Pinehaven (1963) 73! quadrangles.

Unpublished records included:

(1) Records of stock and domestic wells drilled on the reser-
vation by the Bureau of Indian Affairs (BILA).

(2} Records of the wells at Black Rock obtained from the
Department of Land Operation, BIA,

(3) Records of the wells of Zuni in the files of the field
engineer, U. S. Public Health Sexvice (U, S. P.H. S. }

(4) Records of oil tests provided by the New Mexico Bureau
of Mines and Mineral Resources.

(5) Streamflow records and miscellaneous notes on wells and
springs obtained from the Water Resources Division, U. S, Geological
Survey.



(6) Information for 143 uranium test holes drilled in 1967 by
the Bokum Corporation including 30 statements of formation tops, 49
lithologic logs, 85 SP logs, 108 single point resistivity logs, and 141
natural gamma ray logs.

(7) Topographic maps of selected areas of the reservation
available from the resident engineer, U.S.P,H, S,, and the engineering
division, Zuni Agency, BIA. (see Plate 1)

Field work consisted of: (1) A field inventory of wellsjduring
which the depth to water at each well was measured, if possible, and
water samples were collected for chemical analyses, Whenever pos-
sible the temperature, pH, and specific conductance of the discharging
waters were measured and the bicarhonate and carbonate concentration
on the water was obtained by titration, (2) The altitudes of wells and
springs were obtained by an altimeter survey, (3) Pumping test of
selected wells to learn aquifer properties., During the pumping tests
temperature and specific conductance of the discharging waters were
measured and a water sample was collected for chemical analysis.

(4) Reconnaissance mapping of the surficial geology.
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GEOGRAPHIC SETTING

Liocation, Size, and Population

Figure 1 (see- page 69)

The Pueblo of Zuni occupies all or parts of 27 townships in
McKinley and Valencia Counties, New Mexico, Its area is 407,997
acres (about 1120 square miles), which the BIA classifies as follows:

Area Acres
Irrigable 4,727
Grazing

open grazing 187,659

Commercial timber 17,232

noncommercial timber 185,117
Dry Farm 2,627
Wildlands 8,878
Other uses (non-~agricultural) 3, 884

total 407,997

Liess than 2600 acres of the irrigable land is currently being
utilized. In 1970 only 2027 were irrigated.

The population of the pueblo is centered at the villages of Zuni
and Black Rock with only a few dwellings at Ojo Caliente, Pescado,
and Nutria. Table I shows the population growth.

Table I (see page 56)

The current population, according to tribe officials, is 5760
Zuni Indians and about 250 non-Zuni residents.

Livestock grazing on the reservation is limited to sheep, cattle,
and horses plus 200-400 wild horses. QGoats are not herded.



Topography and Drainage

Drainageways incised in rock walled canyons with striking
water gaps give the topography a rugged appearance that belies its
accessibility. On dry summer days it is possible to drive a convens..
tional automobile to within a mile of most points on the reservation.

Although the landscape of the Pueblo of Zuni is dominated by -
steep cliffs and vertical rock walls, the altitude range is relatively
narrow-~from about 6100 to a2 maximum of about 7500 feet. In the
eastern two-thids of the Pueblo questa ridges are common. Steep
nearly vertical rock faces give way to dip slopes of less than 200
feet per mile. A sharp hoghack ridge in T. 12 N,, R. 16 E. defines
the western extent of the Zuni Mountains,

The western third of the Pueblo is a flat to gently rolling plain
upon which badlands are forming locally.

As Figure 2 shows the Pueblo of Zuni lies almost entirely with-

Figure 2 (see page 70)

in the drainage basin of the Zuni River. Only a small portion of the
reservation in T, 11 N,, R. 20/21 E. drains to the Rio Puerco.
However, both the Zuni River and Rio Puerco are tributaries of the
Little Colorado River of Arizona:and are west of the continental
divide.

Although many springs occur within the reservation the Zuni
River and its principal tributaries are, for the most part, intermit-
tent influent streams.

The drainage pattern seems to be controlled predominately
by fractures in sandstones. A trellis drainage pattern develops where
streams flow over sandstone, but where streams flow over shales the
pattern becomes more dendritic, Along the Arizona border and in the
northwest corner of the reservation dune sand covers the land surface.
In this area drainageways are fewer in number and may terminate in an
undrained depression,

The present drainage pattern has been established for some time
as evidenced by the presence in the Pescado drainageway of basalt which
flowed down the valley from North Plains during Quaternary time. The
topography of the valley seems to have changed very little since the flow
occurred. Locally, however, incised meanders suggest that in relatively
recent time erosion has been renewed.

Climate and Vegetation
The mean average maximum temperature at the Pueblo of

Zuni for a 49-year period according to the National Weather Service
'is 64.3°F and the average annual air temperature is 49. 9°F. The



mean number of days when air temperature equals or exceeds 90°F

is about 31 days per year. The mean number of days the temperature
is equal to or less than 32 F is about 174 days. o
Figure 3 shows the mean annual temperature and precipitation

|
Figure 3 (see page T1) ‘
for those stations in the vicinity of the Plueblo, As the following table
shows more precipitation falls during thunderstorms in the summer ‘
months than during any other season.
Season distribution of rainfall at Black Rock
(Juan, Everard, and Widdison, 1969)

Period Inches
December January February 2.41
March April May 2,11
June July August 3. 84
September October November 2,84
Average Annual 12, 4

Within the Zuni River Basin precipitation increases rather
uniformly with altitude (fig. 4}, Therefore, since the mean altitude

Figure 4 (see page T2)

is about 6800 feet, 12,5 inches per year is a conservative estimate of
the mean annual precipitation on the entire Pueblo.
Figure 5 shows the mean monthly precipitation at Zu.m It also

Tigure 5 (see page 73)

shows the mean monthly potertial éevapotfanspiration. The average
annual potential evapotranspiration is about 24, 9 inches. The summer
moisture deficit of Zuni is 13, 9 inches, the winter surplus about 2.7
inches.

The BIA recognizes three climatic floral zones within the
Pueblo: Juniper woodland, Pinon-Juniper woodland, and Ponderosa
Pine Forest., These zones correspond to the upper Sonoran, and
lower transition life zones recognized elsewhere in New Mexico. At
lower altitudes juniper, sagebrush, cactus, and fourwing saltbush




are common; at higher altitudes Pinon and Gambel Oak become more

common, Ponderosa Pine occur -only at the highest altitudes in the
southeast corner of the Pueblo. Chaining has eliminated extensive
areas of brush.



HYDROGEOLOGY

Hydrologic Properties of Rocks

The hydrologic properties of rocks are those physical char-
acteristics that determine the rock's capacity to transmit and store
water. Three parameters are sufficient to describe the hydrologic
properties of a rock--effective porosity, hydraulic conductivity
(permeability to water), and specific storage.

Effective porosity is a measure of the interconnected void
space in the rocks through which the water moves. It is the ratio
of that void space to total volume and is uvsuvally expressed in percent.
Hydrauvlic conductivity is a measure of the rate under standard con-
ditions at whlch water will move through the rocks. It is expressed
here in gpd/ft {gallons per day per square foot), Specific storage
refers to the amount of water a unit volume of saturated rock will
release from (or take into) storage due to a unit change in pressure.
Specific storage is expressed here simply in units of (1/£t),

In discussing the hydraulic properties of rocks of the Pueblo
of Zuni care must be taken to distinguish between these properties
as measured in hand specimens and those measured in situ., A large
part of the effective porosity of the consolidated rocks derives from
fracture, In the limestone a part of the effective porosity derive
from solution phenomena.

For example, Cooley et al -(1969, p. A49) found that per-
meabilities of samples of rocks of Permian to Cretaceous age,
obtained from outcrops and similar to those at Zuni were much larger
than the permeability computed from pumping tests. They attributed
the difference to weathering. Conversely, Summers (1970) found
that pumping tests produced much larger valves for permeability
for the Morrison and Dakota formations than laboratory analysis
of cores from the producing formation. The difference here was
attributed to the influence of fractures. Thus, hand or laboratory
sized specimens of the rock will suggest values of the hydraulic
parameters that differ considerably from those observed in situ.

The specific capacity of a well is the ratio of pumping rate
to drawdown. It is a quasi quantitative measure of a well's yield.
However, in many instances it's the only parameter available. In
general a well with a large specific capacity taps a water-yielding
amount with large hydraulic conductivity, and those with small
specific capacities tap units with smxall hydraulic conductivity. Fig-
ure 6:shows the relation of spécific capieity to transmissivity for
wells in northwestern New Mexico.

Figure 6 (see page 74)




Porosity of rocks within the Pueblo determined from analysis
of the electric logs ranges from 10 to 20 percent. In all probability
the dune sands and alluvium have higher porosities.

. The hydraulic conductivity and specific storage of a water-
vielding unit multiplied by the unit's thickness become the transmissivity
and the storativity., These parameters are generally determined with
a pumping test. The storativity requires the use of observation wells
during the test; the transmissivity does not. Of the several tests made
within the reservation only one included an observation well, Thus,
although the transmisgivity of several lithologic units was sampled,
the sterativity was determined for only one. In general the character
of the tests--low pumping rate and relatively short duration--elimi-
nated many extraneous effects such as those caused by partial pen-
etration and nearby hydrologic boundaries. I believe that dividing
the transmissivity by the open interval of the well produced reasonable
values for the hydraulic conductivity., These values are given in
Table 2 and discussed below, Also included in Table 2 are the values
 presented by Cooley et al, (1969, table 7, p. 46-47) for these lithologic

Table 2 (see page 57)

units in northeastern Arizona,

In general, the yié€ld of a well is determined not only by the
hydraulic properties of the rock tapped by the well, but also by the
mode of construction of the well. This feature of well yield is dis-
cussed in the section on well construction. :

Regional Geologic Setting

The Pueblo of Zuni lies in the transition zone between the
Gallup sag and Zuni uplift to the north and the Mogollon slope to the
south (fig. 2). The North Plains lava field is less than 10 miles from
the southeast corner of the reservation.

The principle structural features within the Pueblo of Zuni are
the Allison syncline, the Pinon Springs anticline and an anticline and a
fault which in this report are called the Ojo Caliente Anticline and the
Ojo Caliente Fault (Plate 2 and Figure 7).

The Allison Syncline is an asymmetrical fold that extends
northwest from near Pescado almost to Gallup., Its east limb has
dips up to 76°W and forms the Nutria Monocline. The dip of west
limb is much less~--the maximum being only about 16°E and the aver-
age being about 5°E. This west limb of the Allison Syncline is also
the east limb of the Pinon Springs Anticline~-a broad symmetrical
feature.

The Ojo Caliente anticline is a small elliptical dome which
has been faulted on its west side., Dips of as 18° were measured in
the vicinity of the dome. Immediately west of the fault dips of as




much as 37° were measured. Dune sand conceal the rocks west of
the fault. Cross-section CC' (plate 3) based on only a few logs show
one interpretation of the structure west of the fault, Maximum dis-
placement along the fault is on the order 8H20@0eeet,

Hydrogeologic Units

The Geologic map (Plate 2) is based on the work of Sears
(1925), soils maps (BIA, 1970}, drill hole data including some
electric logs, driller's logs of water wells, and reconnaissance
mapping by the author., It is at best a preliminary effort. Field
mapping can be expected to change many details.

The units mapped are hydrogeologic units, that is, the rock
units were mapped more on the similarity of their hydrologic charac-
ter than on their stratigraphic significance., This mapping results
in some units being identical to stratigraphic units and some rocks
of different ages being limped together., Plate 3 contains three
cross~-sections that show representative vertical slices of the grouand-
water reservoir,

Precambrian Rocks

Rocks of Precambrian age do not crop out within the Pueblo
and only two oil tests on the Pueblo were drilled sufficiently deep to
penetrate rocks of Precambrian age, Cities Service #1 Zuni M'A"
(Sec, 5, T. 9 N,., R, 18 W, ) penetrated quartzite and schistose
guartzite at a depth of 2518 feet and the William G. Coffee #1
Coffee-Federal (Sec. 35, T. 11 N., R, 19 W, ) penetrated quartzite
at a depth of 1860 feet.

Granite is the principle rock of Precambrian age cropping out
in the Southern Zuni Mountains (Foster, 1971, p. 5); whereas granite,
granite gneiss, metarhyolite, and schist crop out in the northern Zuni
Mountains (Smith and others, 1958 and 1959). The nearest outcrops
of Precambrian rocks in Arizona (Hunters Point-23 miles west of Gallup
and Bonito Canyon--25 miles northwest of Gallup) contain granite,
quartzite, and metasediments (Cooley et al, 1969, p. 10-11),

We can expect, therefore, that when other wells are drilled to
the Precambrian, that they will find that granite and metasediments
also occur within the boundaries of the Pueblo,

Because Precambrian rocks are rarely called upon to yield
water and their permeabilities are generally very low, in this report
these rocks are taken to be the lower boundary of the ground-water
systems affecting the Pueblo.

Figure 7 shows structural contours on the rocks of Precambzrian

Figure 7 (see page 75)
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age in the vicinity of the Pueblo, These contours are based on
depth obtained from wells that cut the Precambrian surface plus
estimates obtained by using the elevation of known horizons sub-
tracting the thickness of underlying sedimentary units as given by
Foster (1957, p. 65 and 68).

Paleozoic Rocks

Rocks of the Permian Series are the only rocks of Paleozoic
age that occur within the Pueblo (Foster, 1957; Kottlowski, 1959).
These rocks include in ascending order the Abo Formation, Yeso
Formation, Glorieta Sandstone, and San Andres Limestone. Table 3

" Table 3 (see page 58)

compares this nomenclature with that used in northeastern Arizona.
Only two wells in the Pueblo penetrate this entire section,
Figure 8 shows the areas in which these rocks crop out and

Figure 8 (see page 76)

gives structural contours on their top in the vicinity of the Pueblo,

The Abo formation consists of sandstone, siltstone and shales,
deposited upon the Precambrian surface. Its thickness is therefore
irregular. Its maximum thickness is probably not greater than 1000
feet and probably averages about 500 feet,

Table 4 gives Roy Foster's, New Mexico Bureau of Mines and
Mineral Resources petroleum geologist, description of the cuttings

Table 4 (see page 59)

from the Abo, Yeso, and Glorieta Formations obtained from the
Cities Service #1 Zuni A in Sec. 5, T. 9 N., R. 18 W,
Table 5 summarizes the information on the thickness of these

Table 5 {see page 60)

Permain Formations in the vicinity of the Pueblo,

The Yeso Formation consists of sandstone, limestone, and
gypsum. Its uppermost beds may be very much like the overlying
Glorieta Sandstone, making the top of the formation difficult to define.
Similarly the basal beds grade into those of the Abo Formation. Thus
the measurements of thickness of the Yeso Formation are variable,
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In the northern Zuni Mountains the average thickness of these rocks
is 250 feet (Smith, 1954, p. 6)., In the Zuni area their thickness
ranges from 275 to 530 feet (table 5), The maximum thickness is
probably about 600 feet and average about 500 feet.

The hydraulic properties of the Abo and Yeso Formations
are not known for the reservation. However, wells in other areas
that tap these Formations have low yields (less than 10 gpm). Be-
cause these formations occur at relatively great depths and can be
expected to have low yields of relatively poor quality water, more
information about them will not be forthcoming in the near future.

Although the Glorieta Sandstone is sometimes regarded as
the lowermost member of the San Andres Limestone (because the
limestone and the sandstone interfinger). In this report these for-
mations are recognized as distinct formations but are treated as
one hydrogeologic unit. )

In the northern Zuni Mountains according to Smith (1954,

p. 7), "The Glorieta is a very pure, well-sorted, quartz sandstone
with grains averaging about 1 mm in diameter; the grains are well
rounded and smooth, although many are frosted and all are quite
fresh and unaltered. The lower part of the formation is friable; the ~
upper part is hard and well-cemented with silica.,'' Its thickness
ranges from 120 to 220 feet due to variation in the selection of the
contact between the Glorieta Sandstone and the underlying Yeso
Formation,

The Glorieta Sandstone penetrated by wells at the Pueblo is
described as buff, pale orange, very pale orange, and white; very
fine-to-medium grained, well sorted sandstone composed of sub-~
anguler to rounded quartz grains with few accessory minerals. It
includes both well cemented and friable beds. One driller reports
using four bits to drill 160 feet, thus suggesting silica cement;
whereas another report says it is a calcerous cement,

The San Andres Limestone crops out in the Zuni Mountaing
andin T. 12 N., R. 16 W, and T. 8 N., R. 20 W, of the Pueblo
(Plate 2). In the Zuni Mountains according to Smith (1954, p. 7-8)
the San Andres divides easily into three units, an upper and lower
limestone and a middle sandstone. The lower limestone is 20-35 feet
thick, massive blue-gray to white and weathers gray., The sandstone,
which is 10-25 feet thick, resembles the Glorieta. The upper unit
is 60-80 feet thick and is a massive gray limestone which is very
cherty in the upper portion. Smith also says the upper surface of the
upper limestone shows sink holes filled with Triassic rocks and that
relief of 25-50 feet on this buried karst topography is common,

The thickness of the outcropping San Andres within the Pueblo
was not measured, but Sears (1925, p. 10} describes it as 40-75 feet
of light-gray, cream colored, and brown fossiliferous limestone, In
the subsurface the San Andres is a yellowish gray and white limestone
in the upper part that grades into dark gray limestone in the lower
part. As Table 5 shows, its thickness is erratic, due to the erosional
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unconformity that developed at the end of Paleozoic time. In the
Zuni-Black Rock area the limestone was completely eroded away in
places.

Within the Pueblo water wells completed in the San Andres
are nearly always completed in the Glorieta, A pumping test con-
ducted on the Black Rock Well No. 3, which taps this unit, indicates
that its transmissivity is 520 gpd/ft. Since this thickness of the
unit is 260 feet, its average permeability is about 2 gpd/ftz. This
value, however, is probably near the lower limit for the unit,

In the Grants-Bluewater area the San Andres has very high
transmissivity (400, 000.2, 000, 000 gpd/ft) and yields of 1000 gpm
are common (Reeder, 1961). Cooper and Jahns (1968, p. 20)
noted that San Andres wells in eastern McKinley County had yields
of less than 200 gpm and they attributed the difference in the two
areas to solution phenomena. They argued that near its outcrop,
the San Andres develops cavernous zones and solution channels;
whereas these features do not develop where the limestone is deeply
buried. We can expect, therefore, that near its outcrop (especially
in the valley parallel to the hogback noxtheast of Nutria), the San
Andres will have a somewhat larger permeability; perhaps as large
as that in the Grants-Bluewater area,

Mesozoic Rocks

Mesozoic rock unconformably overlie the Paleozoic rocks.
They crop out extensively in the Zuni Mountains and over a large part
of the Pueblo (Plate 2). They are the consolidated rocks immediately
beneath the unconsolidated Tertiary-Quaternary sand and Quaternary
alluvium. The hydrogeologic units of Mesozoic age include the mud-
stones and sandstone of Triassic age, the Wingate-Entrada-Zuni-
Morrison sandstones of Triassic and Jurassic age, and the Dakota
Sandstone, Mancos Shale, Gallup Sandstone and Crevasse Canyon
Formation of Cretaceous age,. '

Mudstones and sandstones of Triassic age

The mudstones and sandstones of Triassic age form a complex
hydrogeologic unit. The rocks are mixtures of clay, silt, sand, and
gravel in every proportion imaginable. They were deposits by aggrading
stream flowing west and north through the Pueblo from highlands only
a few miles south and east. Unconformities are common, as are
channel sandstones and conglomerates, Beds of any lithology may
grade laterally or vertically into another lithology, may interfinger
with beds having other lithologies, or may occur as discrete lenses.
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As Table 6 shows, in northwestern New Mexico and northeastern

Table 6 (see page 61)

Arizona these rocks have been subdivided into the Moenkopi, Moenkopi(?),
and Chinle formations. However, the differentiation of these units in
the field is another matter (table 7).

Table 7 (see page 62)

Near the outcrop within the Pueblo these rocks seem to divide
into 11 units; 6 of whichawe continuous beds of silty sandstone, silt-
stone, shale, claystone, and limestone conglomerate that sandwich 5
more ot less continuous beds of sandstone and conglomerate. An
effort to equate these units to those of Table 6 and 7 created more
confusiomthan clarity, so for this report these units are referred
to as Mudstone 1 through 6 and Sandstone 1 through 5; unit 1 being
the lowermost,

‘The definition of these units is complicated by three factors,
First, the units thicken and thin rapidly so that locally two or more
beds may come together to form one thick bed. Thus, in Sec. 4, T.
9 N., R. 18 W., a test hole penetrated 600 feet of sandstone below
Mudstone 6. Apparently Sandstone 2-5 thickens to form one sandstone
unit from 4. Similazrly in T. 8 N., R. 18 W. only a few miles south,
Mudstones 3-6 thicken at the expense of the sandstone units to form.

a continuous Mudstone unit.

Second, the topography of the underlying Paleozoic rocks may
cut out one or more units,

Third, the interpretation of cuttings samples is very difficult
because of the similarity of the sandstone units. For about half of
the test holes for which both cuttings and electric logs were available
the electric log showed sandstones that were overlooked in the cuttings
logs. Apparently the sandstone in the sample was interpreted to be
particles sloughing off sandstonie beds previously penetrated,

The outcrop pattern also reflects the variability of the units,
Sandstone units form cliffs, walls, ridges, and benches; whereas the
mudstone units occupy slopes and valleys, Badlands develop on some
of the mudstone units, Thus topographic change occurs whenever a
sandstone or mudstone loses its distinguishing characteristic,
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Table 8 summarizes the salient feature of these units.

Table 8 (see page 65)

Three pumping tests have been conducted at the village of Zuni;
one on Sandstone 2, 1 on Sandstone 3 and one on Sandstones 2 and 3
jointly. The tests on Sandstone 2 produced hydraulic conductivity
values of 19 gpd/ ft During the drilling of village well No. 4 Sand-
stone 3 was tested and the hydraullc conductivities was found to take
in-. the range of 3 to 20 gpd/ft , depending upon whether the driller's
reported thickness 15' or the interval of open hole (95 feet) is used
in the calculation.

Village well No, 2 is open to both Sandstone 2 and Sandstone 3.
The transmissivity determined for this test was much larger. Sug-
gesting a hydraulic conductivity on the order of 50-100 gpd/ft™ for
Sandstones 2 and 3, The sample descriptions for Well No. 1 and
Well No., 2 are similar. Certainly on the basis of these logs alone
we would not expect such a large difference in the hydraulic conduc=
tivity in the sandstones tapped by these two wells, Well No. 4 is
about 4100 feet from Well No, 2, The test on sandstone 3 was conducted
during the drilling of the well, when the well was 225 deep and cased
to 130 feet. The test involved 95 feet of open hole.

Oanly a driller's log is available for ‘Well No., 4. The driller
reports 15 feet of sandstone in the uncased interval, The lithologic
log of Well 2 indicates only 20 feet of sandstone in that interval.
Lithologic differences, per se, do not provide a very satisfying ex-
planation for the observed range of hydraulic conductivity.

Moreover particle size analyses were made by the BIA soils
laboratory for samples of Sandstone 2 and 3 obtained from Well No, 4.
Freeze (1969, p. 32-34) has demonstrated that for unconsolidated
sediments permeability is directly related to the effective grain size
(the 10 percent-finer-than size). Using his diagram (p. 35) to esti-
mate permeability to one significant digit we would expect Sandstone 2
to have a permeability of about 100 gpd/ £t* and Sandstone 3 to have a
permeability of about . 01 gpd/ftz (table 9). The values for a consol-

Table 9 (see page 66)

idated sediment should be less.

The differences among the hydraulic conductivities obtained
by well tests and the difference between the hydraulic conductivity
obtained by well tests and those estimated from particle size analyses
probably reflect the effect of fractures, The following analysis is,
then, the most probable explanation of the data.
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The construction of Well #1 sealed any fractures that might
have contributed so the short term test sampled only Sandstone 2, so
that the hydraulic conductivity is 19 gpd/ £t2,

Well 2, which is open in three intervals, benefits from frac-
tures in the siltstones and shales as well as those in the sandstones.
The test was longer and at a larger pumping rate so it of necessity
sampled a large part of the water bearing rocks. Thus, the con-
ductivities was overestimated because the contribution interval was
taken on 50 feet mstead of 500 and the average hydraulic conductivity
is really 5-10 gpd/ft Because there is no record of the Well No. 4
filling or caving as a result of this test, I believe, therefore, the rock
is competent but the fractures were partially plugged so that the inter-
val tested by the relatively short pumping test, effectively sampled a
shorter interval and the hydraulic conductivity is then between 4 and
20 gpd/ft?.

In addition to the tests at Zuni, which were made some years
ago, a test was made of a 5! thick sandstone in the Chinle at Well
RWP-Z-35 (8N, 20W. 4), The hydraulic conductivity determined by
this test was 4 gpd/ftz.

In practice, therefore, the hydraulic conductivity of the sand-
stone and mudstone of Triassic age is determined by the degree of
fracturing.

The degree of fracturing in a rock is determined by its lith-
ology, depth, and geologic structure. Fractures occur frequently
where the rocks are lithologically dense and brittle, infrequently
wherg the rocks are soft and plastic. Fractures frequently generally
decrease with depth. With respect to geologic structure, fracture
frequency is above average near the crests of anticlines and near
the troughs of synclines., We should expect, therefore, that the
hydraulic conductivity of the mudstones and sandstones of Triassic
age will be largest where competent beds of sandstone, siltstone,
and shale occur along the axis of the Pinon Springs Anticline. To
be lowest where incompetent claystone and shale make up a large
part of the total interval or are deeply buried. More important the
hydraulic conductivity of these rocks should not be discounted for
reasons of texture,

Wingate-Entrada~Zuni-Morrison hydrogeologic unit

This hydrogeologic unit consists of four formations. The
Wingate Sandstone of Triassic age plus the Entrada Sandstone, Zuni
Sandstone, and Morrison Formation of Jurassic age. The reasons
for treating them as a single unit are:

1. In outwrop the distinctions between the sandstones aze
based on color, topographic expression, bedding features, and tex-
tural characteristics., Of these parameters only color and textural
characteristics can be discerned in drill hole samples, In examining
the available hydrologic logs, it became apparent that neither color

C o
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nor textural fractures were definitive criteria for distinguishing these
formations on sample logs. That is to say a stratigraPher examining
the samples with 2 microscope might distinguish these formations
satisfactorily using these criteria, but the lithologic logs and driller's
logs in hand did not lend themselves to consistent formation identification.

2. These rocks are all cliff formers and one may follow them
for miles without interruption. In such an overview one finds that the
character of the sequence changes from north to south, The Morrison
Formation which is distinguished by its green,greenish gray, or red
shale and green or greenish white sandstone disappears completely
(Fig. 9)

Figure 9 (see page 77)

The white and gray Entrada sandstone seems to thicken at the
expense of the reddish brown and white Zuni Sandstone., To further
complicate matters the Wingate, which is a distinctive brown and has
distinctive bedding near Zuni, apparently consists of two members.
Flying along the Nuiria Hogback and along the western Questa one can
see that at any given location the interval may be entirely occupied by
one member or the other or some combination of the two. In general
the thickness of the Wingate appears uniform but in places an erosional
unconformity is evident and the interval is occupied by the Entrada
Sandstone. Thus, a stratigraphic sequence that seems relatively simple
becomes somewhat complex upon closer inspection,

3., The hydrologic properties of this unit are most probably
determined by fractures rather than the character of the sand grains
and their size distribution. Since the unit with the overlying Dakota
Sandstone forms cliffs, it is obviously more competent than the under-
lying mudstones and sandstones of Triassic age. We expect fracture
frequency and distribution to be similar throughout the interval,

The Wingate-Entrada~Zuni-Morrison unit, hereafter called the
Zuni Hydrogeologic Unit for brevity and labeled J (for Jurassic) on
figures, ranges from about 500 to 800 feet thick, Its thickness dimin-
ishes from north to south and from west to east, Where the underlying
sandstones of Triassic age coalesce to form thick beds, they combine
with the Zuni Unit to make as much as 1200 feet of uninterrupted sand-
stone,

Although most of the uranium test holes reached the Zuni Unit,
few went through it., Only seven water wells tap it. Thug detailed
information is lacking on its hydrologic properties. Two pumping
tests were made using wells tapping it, with significantly differing
results, Jn Well No, E,C. W. No. 1 (11 N, 18 W, 21) the hydraulic
conductivity is about 12 gpd/ft2, whereas in Well E. C. W. No.l17
(10 n., 18 W. 22) the hydraulic conductivity is 78 gpd/ftZ,
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One explanation is that the larger value is for the Wingate
Sandstone whereas the smaller value is for the Morrison Formation
and Zuni Sandstone, but experience with these rocks on the Colorado
Plateau of Arizona 8nd New Mexico {(Table 2) shows that, while these
rocks exhibit differences from place to place, none are so extreme as
that observed in the two Zuni Wells. A more probable explanation is
that these high values occur at the north end of a highly fractured zone.
Although most of the Bokum Corp. test holes penetrated the Zuni unit,
circulation was lost in only 5. These 5 test holes together with Well:
E.C.W. #17 form a NW.SE trend that parallels the extended axis of
the Pinon Springs Anticline,

The test of Well E, C. W. #1 revealed the hydraulic conductivities
of 12 gpd/ft™ near the well, it also revealed the presence of a nearby
boundary condition of significantly low hydraulic conductivity, This
well is probably near the northern end of the fracture zone.

The area of the inferred fracture zone is shown in figure 9.
Within this area hydraulic conductivity should be significantly above
average for sandstones in and around Zuni. Throughout the remaining
area fractures in the outcrop appear to be relatively far apart. The
low fracture frequency should result in a relatively low hydraulic
conductivity, so the average hydraulic conductivity of the Zuni Unit
is probably in the range 1.5 gpd/ft?® suggested by Table 2.

Hydrogeologic units of Cretaceous age

The units of Cretaceous age crop out in the eastern half of
the Pueblo and a small area southwest of the Ojo Caliente Fault.
(Plates 2 & 3). The regional stratigraphic relation of these rocks
are complex and have been studied extensively (O'Sullivan et al.,
1972), so there is no need to discuss them here.

Gregory's (1917, p. 2) description of the Dakota Sandstone of
northwestern New Mexico describes the Dakota Sandstone at Zuni very
well, He wrote,

"The Dakota sandstone is highly variable in structure, texture,
and composition. It is characterized more by a persistent combination
of features than by the persistence of any given bed., The base is
commonly but by no means universally marked by conglomerate and
the top is in many places a coarse brown or gray sandstone bed but
may be a group of interbedded sandstone and shales or wholly sandy
shales of yellow or gray tones. Coal lenses occur prevailingly in the
middle of the Dakota but are found in all positions from top to bottom,
The formation is everywhere lenticular; lenses and wedges of sand-~
stone, of conglomerate, of shale, and of coal tens of feet or a few
inches thick overlap, appear, and disappear along the strike and
vertical in a most capricious manner, "

Within the Pueblo the Dakota'!s thickness ranges from 46 to
200 feet. It is tapped by only a few wells, because it occurs within
the Allison syncline and over much of this area wells are more easily
completed in overlying hydrologic units.
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The Mancos Shale consists of gray to black shale, silty shale
and a few beds of sandstone. The sandstone beds are in most cases
near the base of the Mancos and may be confused with the Dakota,
However, these sandstone beds lack persistence and may be entirely
encased by the shale, Within the Pueblo the thickness of the Mancos
ranges from 280 to 600 feet.

The Gallup Sandstone consists of beds of sandstone and shale,
The sandstones range from clear, light colored, medium grained
cliff formers to fine-grained, dark gray carbonaceous silty sandstones,
Beds of coal, which may be as much as 25 feet thick, occur throughout
the Gallup., The shales are identical to those in the Mancos, Within
the Pueblo the thickness of the Gallup ranges from 230 to 550 feet,

The Crevasse Canyon Formation is the mirror image of the
Gallup. Whereas the Gallup consists of as much as 70 percent sand--.- -
stone, the Crevasse Canyon consists of as much as 70 percent shale,
The shale is identical to the Mancos and the Sandstone are like those in
the Gallup.

The hydrogeologic units of Cretaceous age are very much alike
in that they are composed of beds of shale and sandstone. The distinction
between the units ranges from fairly precise (where a unit consists
entirely of sandstone or entirely of shale) to arbitrary (where shale and
sand are both present), Consequently the hydrologic properties of these
units are similar. Pumping tests 1ndlcates that the hydraulic conduc-
tivity of the sandstone is about 1 gpd/:ft . Laboratory tests, however,
are much less consistent and frequently show values equal to or larger
than those determined by the pump test. For example, the hydraulic
conductivities observed in cores from the San Juan Basin (Table 10)

e Table 10 (see page 67)

range 0.0 to 11, 1 gpd/ftZ; those obtained by Cooley et al. (Table 2)
from 2-25 gpd/ft , and those obtained by Jobin from 4 to 100 gpd/ftZ,
Two factors probably combine to produce the results we see
at Zuni, (1) The fine-grained rocks with low hydraulic conductivity
are fractured, but fractures are less frequent and have smaller aper-
tures in the shales. (2) The coarse-grained rocks that have the large
hydraulic conductivity observed in the laboratory constitute only a small
part of the rock in the hydrologic units. Thus, the average observed
through pumping tests comes about because the pumping test sampled
rocks with both fractured and granular permeability, The laboratory
sampled only the granular permeability and since so many values are
near zero the average of laboratory values approaches the field value.
Maximum yields from these hydrological units are obtained where wells
tap a maximum number of fractures not from these wells which tap the
thin beds in which the granular porosity produces allarge hydraulic
conductivity,
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Tertiary-Quaternary Dune Sand

Dune sand blankets the northwestern part of the Pueblo,
effectively concealing the underlying rocks (Plate 2). Sears (1925)
divides this sand into two units which have come to be known as the
Bidahocha Formation of Pliocene Age and dune sand of Quaternary
age, Although the unit may be composed of deposits of two different:
ages-~distinquished largely by their topography, this distinction could
not be made in logs or in the soils maps. Nor can it be distinguished
from alluvium, where the alluvium lies in channels that drain it.

On the surface the unit consists of very fine to coarse,
permeable sand, Drillers describe it as ""sand", "sand-with-pebbles',
"blow sand","sandy loam!,'light gray sand" ''light pink sand", "loose
sand", "quick sand', ''sand and clay', and sandy shale.

It is lithified at depth and may be described as a soft to hard
"sandrock', §Since it was deposited on an irregular erosion surface
and has an undulating upper surface, it thickens and thins rapidly in
short distance., As Figure 10 shows it is thickest near the state line,

Figure 10 (see page 78)

where a well has penetrated more than 400 feet of sand, The only
pumping test in the dune sand (Bosson's well, sec. 22, T. 10 N,,
R. 20 W.) suggested a hydraulic conductivity of 75 gpd/ft?, a value
that is completely compatible with its appearance,

Quaternary Basalt

Quaternary basalt occurs only in the Pescado-Zuni drainageway
(T. 10 N., R, 16-18 W. ) (Plate 2). The basalt appears to have over-
flowed from the North Plains lava field, Omne should not expect to cut
basalt anywhere else within the Pueblo--either on the surface or at
depth.

The basalt is fractured and where it is saturated should yield
water to wells, The only well known to tap it on the reservation has
a reported yield of 25 gpm.

Quaternary Alluvium

The bottom of each drainageway in the reservation has a cover
of alluvium, From a water supply standpoint the alluvium is significant
above Nutria Reservoir and below Black Rock (Plate 2). Data from the
Nutria area are sparse., Test holes in the area cut up to 90 feet of
"overburden'', However, the lithologic character of the overburden
was not specified. Part of this alluvium is probably composed of sand
and gravel that will yiéld water to wells,
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Below Black Rock the alluvium is as much as 145 feet thick,
Its lithologic character depends upon the nature of the area drained
by the stream. Where the terrane includes shales, the alluvium
contains clays and silts, Thus at Black Rock the alluvium consists
of clay, sand, and gravel. A pumping test of Black Rock Well No, 1,
which was completed in the alluvium indicate the hydraulic conduc-
tivity there is 63 gpd/ftz. However, the hydraulic conductivity will
vary according to the percent of the various constituents. Northwest
of the village Zuni where the alluvium is derived from the sand dunes,
it probably has a larger hydraulic conductivity.

Other deposits

Three other deposits, two of whichare shown on Plate 2, occur
in the area. These are (1) travertine deposits south of Ojo Caliente,
(2) lacustrine deposits associated with playas, and (3) remnant terrace
gravels along the Zuni River., These deposits have little, if any,
influence on the water resources of the Pueblo,
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HYDROLOGY

Surface Water

Stream gaging at the Pueblo of Zuni began October 1, 1969,
when the U. S, Geological Survey established two gaging stations:
one on Rio Nutria (09-3869.0) 0. 9 mile upstream from the Nutria
Diversion Dam, the other on the Zuni River (09-3869.50) 50 feet
upstream from the concrete ford on State Highway 36, At this
writing only the stream flow for water years 1970 and 1970 (Oct,
1969 through September, 1971} for the Rio Nutria gage are avail-
able. 'This recorddshows that for 21 days during October 1969 no
stream flow occurred. For the remainder of the year flow varied
from 0. 05 to 365 cfs. (cubic feet per second), The monthly discharge
(cfs) varied as follows:

dafal Mean Maximum Minimum

1970 1971 1970 1971 1970 1971 1970 1971
Oct, 4.08 3.19 .13 .10 1.3 .21 .0 . 08
Noyy 5.05 3.93 .17 .13 2.2 .29 .05 .10
Dec., 22772 2. 94 . 088 .095 .12 .13 ,08 .08
Jan. £6!15 2.70 .20 . 087 1.4 .14 ,08 ,07
Feb, 6,14 2,34 .22 . 084 .40 .09 ,08 .08
Mar. 15,31 22.43 .49 .72 1.9 6.5 .25 .08
Apxr. 60,06 3.96 2. 00 .13 8.2 .25 .37 .10
May 5.49 2.98 .18 . 096 .53 .12 .10 ,08
June 2.10 Z.38 .07 . 099 .10 L10 .05 05
July 5,09 1,38 .16 . 044 2.3 .09 .08 ,02
Aug. 47.07 1.17 1.52 . 038 22, .06 07 .02
Sep. 3,41 36. 88 .11 1,23 .75 5.2 .08 .05

162.67 86,28

The total for water year 1970 (162.67 cgs) is equivalent to a mean
daily discharge of 0.4 cfs or about ., 0072 inch/year from the drain-
age area of 71.4 square miles. The total for water year 1971 (86,28)
is equivalent to a mean daily discharge of 0,24 cgs or about . 0038
inch/year.

Surface runoff is controlled by small dams that create small
regservoirs. The captured surface runoff is diverted to irrigation.
The following table gives the area of the reservoirs and thezassoci~
ated irrigation unit.



Reservoir Stream Estimated Area Irrigated
capacity (Acres) (Acres)
1972
Nutria Diversion Rio Nutria 19 1503
Nutria 3% do 0 205 none
Nutria 4 do =800 79 none
Nutria 2 do 1600 353 none
Pescado Rio Pescado 368 51 - 1250
Black Rock Zuni River 2600 294 3603
Bolton do 50 26 3603
Eustance do 50 25 3603
Tekapo do 300 104 315
Ojo Caliente Plumasano 250 61 1553
Wash

*F'lood control reservoir only
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AT Appendix 5 gives the chemical analyses of water samples col-
lected from the reservoirs. As the following table shows the quality
of water deteriorates downstream.

Reservoir Number of Average Specific

Analyses Conductance
. (amho ~ cm C25°C)
Nutria Diversion 3 249
Nutria #4 3 233
Nutria #2 3 343
Pescado 3 340
Black Rock® 3 393
Bolton 2 560
Eustace 3 620
Tekapo 3 503
Ojo Caliente* 3 977

*Receives discharge from spring short distance upstream

The reservoirs were built in the 1930's except for Black Rock
Reservoir which was built in 1909, They had an original capacity of
about 20, 000 acre feet but by 1940 the capactiy was reduced by silting
to about 8,400 acre feet.
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Ground Water
Flow System concepts and définitions

The basic tenet of ground-water hydrology is this: water that
falls as precipitation enters the ground water reservoir and flows
downstream along a flow line in response to a hydraulic gradient until
it discharges at the surface. The area over which precipitation may
percolate to the water table is called the Recharge area. The area
in which the water leaves the ground-water resexrvoir is called the
discharge area. The ground-water reservoir includes all the rocks
which are saturated with water below the water table. It extends
downward to a depth where the weight of the overlying rocks forces
the conduits to close, At Zuni for engineering purposes this is presumed
to be the surface of the Precambrian rocks. The water table is @efined
as that surface where the pressure on the water is atmospheric, and
below which all effective porosity is saturated.

Water in a porous medium flows along a potential gradient and
the rate of charge of poteantial per unit flow line length is called the
hydraulic gradient. The elesfmtion of the water level in a well or priz-
ometer is a measure of this potential (for detail of theory see Domenico,
1972, Chapter 4}, In recharge areas the components of movement are
horizontal and downward, When ground water discharges to the surface
the components of movement are horizontal and upward., As a conse-
guence, in the recharge area progressively deeper wells at the same
location will have progressively deeper ''static' water levels, and in
the discharge area progressively deeper wells will have progressively
higher water levels., At Zuni the phenomena is exhibited in both the
recharge and discharge areas. Deep wells in the recharge area (ECW
no. 6 or ECW no. 7) have water levels as much as 500 feet below the
water table, Deep wells in the discharge area flow at the surface
showing that shutin water levels would be several feet above the water
table. Figure 11 shows the relation between the interval of open hole
and depth to water during the drilling of Village of Zuni well no. 4,

Figure 11 (see page 79)

As the well was drilled, casing was driven into the hole shutting off
water in the cased interval. The water level in the well is the average
of potential for the given interval from the bottom of the casing to the
bottom of the hole, As the figure shows, water levels in Village of
Zuni well no, 4 were 21 feet higher at 555 to 615 feet depth than at 0
to 110 feet. The vertical component of the hydraulic gradient at well 4
is 21 or .04 ft/ft and is directed upward, Note that
615+555 04115

2 2
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whether the water level rises or falls with increasing depth has no
bearing on the yield of the well, which is determined by the water-~
bearing characteristics of the rock and the total hydraulic gradient,

In the recharge area, the flow path of infiltration precipitation
extends from the land surface through unsaturated rock to the water
table. In the discharge area the flow may be to springs, streams,
plant roots, or wells. The discharge may be directly from the ground-
water reservoir or it may be through the unsaturated zone to plant roots
to the atmosphere. Because the vertical component is downward in the
recharge area and upward in the discharge area, the shape of the water
table can be used to define these areas. Where this water table is con-
cave downward, the vertical component of the hydraulic gradient is
dowaward and the overlying area.is a recharge area. Where the water
table is concave upward the overlying area may he a surface discharge
area. {Discharge may also be horizontally directed out of an area
through highly permeable sediment such as alluvium that lies in some
valleys.) The inflection line on the water that peparates the concave
upward from the concave downward also define the recharge and dis-
charge area, Plate 4 is a water table map of the Pueblo of Zuni. Itis
based upon the altitude of water levels in wells (although not all observed
water levels were used), springs, and land-surface altitudes, It also
shows the recharge and discharge areas of the Pueblo, Obviously part
of the ground water derived within the Pueblo fell as precipitation on
recharge areas outside the Pueblo and reached the Pueblo as it moved
within a ground-water flow system.

Toth (1962) pointed out that ground-water systems can be complex.
Water starting in a recharge area may move to a nearby stream or part
of the water may move as underflow to a second stream at a lower eleva-
tion some distance away., He characterizes ground water flow systems
as "local®, "intermediate' and "regional', At Zuni the ground water
moving to most springs, the Rios Pescado and Nutria, or Plumasano
Wash would be part of a local system; ground water moving to the Zuni
River could be derived from a local systemn or could be part of an inter-
mediate system that underflow the springs or the Rios Pescado and Nutria,

Ojo Caliente spring appears to be due in part to an intermediate
system being forced to the surface by the geologic structure there and in
part due to the local system of Plumasano Wash. Underflow~-ground
water that does not discharge within the Pueblo--is part of the more
deeply circulating regional system and flows toward the Colorado River.

Impact of Allison Syncline and Pinon Springs Anticline

The ground-water flow net with the reservation is distorted by
the Allison Syncline and the Pinon Springs Anticline. On the one hand
the thickness of sedimentary rocks within the reservation is greatist
along the axis of the syncline. On the other hand the thickness of sed-
imentary rocks thins across the axis of anticline, Thus the vertical



25

cross-section through which the lateral flow of ground water occurs is
mozre than twice as large at the syncline as at the anticline, As a con- -
sequence, horizental flow linesinthe vicinity of the syncline tends to
divenge, wherever they tend to converge in the vicinity of the anticline.
These tendencies influence the vertical component of gradient. Vertical
gradients.associated with the syncline are diminished; whereas these
associated with the anticline are increased. As a result near the village
of Zuni, where the axis of the Pinon Springs anticline crosses the dis-
charge area, thesupwamd vertical component of the hydraulic gradient

is much larger than elsewhere on reservation.

Velocity of groundwater

The velocity of ground water (v) at any point is determined by
the hydraulic gradient (I), the hydraulic conductivity of the rocks (k)
and their porosity (0):

V=g

Within the Pueblo the average hydraulic gradient is about 150
feet/mile or . 03 ft/ft, the average hydraulic conductivity is about 1
gpd/ftz or 0,013 ft/day, and the average porosity is about 10 percent,
Thus, the average velocity of the ground-water is

. 013 £t X.03 ft
day: - f"t“;'

v = )/.10 =, 004 ft/day or 1, 500 ft/year.
The actual range is probably 150 to 15, 000 ft/year under natural con-
ditions, Near pumping wells the ground-water velocity is much faster.

Springs

The springs of the Pueblo of Zuni occur in the discharge area,
where lithologies of markedly different hydraulic conductivity force flow
in a local ground-water system to the surface., When flow occurs across
such a contrast flow lines are deflected. At springs some of the flow is
diverted to the surface. Figure 12 illustrates the relation of flow lines,

Figure-' 12 (see page 80)

water table, and lithology at a typical spring or seep within the Pueblo.
Attempts to improve springs should not include the use of explosives or
vertical borings, because both explosives and vertical bore holes will
increase the hydraulic conductivity of the underlying rock and the
spring will be destroyed perhaps for ever,

Horizontal wells on the other hand can be constructed to inter-
cept and control the flow before it reaches the surface, Horizontal
wells concentrate the flow so that it can be diverted to stock tanks or
other storage facility, thereby reducing the surface area of water
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exposed to the atmosphere. Thus, they substantially reduce the evapo-
transpiration loss,

Existing ground water development in the Zuni-Black Rock area

Four wells supply water to the municipal water system of the
village of Zuni, Two other functioning wells also occur within the
villages - one used by the laundry for cold water supply and one used
for irrigation by St. Anthony's School. According to Morris and Prehn
(1971, p. 76), the municipal wells discharge about 50. 09 million gallons
per year--an average of about 100 gpm., The following table gives the
average discharge for 1969 and 1970 by months:

(Million Gallons per month)

Jan. 6.63 July 3.55
Feb. 6.32 Aug, . 5.33
Maz, 4,12 Sept. 5.56
Aprs 2,41 Oct, 4,22
May 2.08 Nowv. 2,94
June 3.11 Dec. 3.82

The average discharge for August 21 through 25, 1972, was 252, 000
gallons or 161 gpm (T. Havsken, personal communication, 9-14-72),

Table 11 compares the construction and yield of the village
wells,

Table 11 (see page 68)

The other two wells probably add less than 10 gpm to the average
discharge in the villages. Appendix 6 contains a chemical analysis of the
water from the municipal system.

In addition to the wells equipped with pumps two other deep wells
were found--~both between the Zuni School and well no., 3, These wells
appear to be those used before well no, 1 was constructed.

The water supply of Black Rock, which provedes water to the
Hospital, BIA housing, and the industrial site derives froxm3 wells and
Black Rock Spring. However, well no. 1, a shallow well, is in standby
status only, because it pumps sand, and well no. 2 is used solely for
Ttrigefion, because the water the water quality is poor. On August 3,
1972, well no. 3 pumped 36,900 gal, (an average of 26 gpm). Chemical
analysis in Appendix 6, which were collected from the distribution
system, reflect the multiple sources.
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Hydrologic budget

An absolute accounting of the water at Zuni is not possible with
the available data. However, a crude estimate is feasible. Total pre-
cipitation on the Pueblo is about 12. 5 inches, most of which returns
almost immediately to the atmosphere through evaporation and trans-
piration, From the Rio Nutria gaging station we see that about . 01
inch runs off. Since the streams do not have a base flow, the ground
water delivered to the surface of the discharge area above Black Rock
Reservoir must be less than or equal to the 13, 87 inches of water de-
ficiency predicted by the potential evapotranspiration, However, below
Black Rock Reservoir the thickness and the hydraulic conductivity of
the alluvium may be large enough to accomodate all the water delivered
from the less permeable rocks adjacent, so that a large part of the
ground water that would have discharged at the surface is actually
conducted from the Pueblo as underflow in the alluvium. If we assume
the average saturated thickness of the alluvium is 50 feet and the average
width of 5000 feet, the vertical cross section and area is 250, 000 £t2,
wed cancaestiziiatete the maximum underflow (U) through the use of the
relation

U = kIA

The slopes of the water table below Black Rock (100 feet/6 miles
or . 003 ft/ft) is the hydraulic gradient and k from table 2 is 60 gpd/ft?.
Thus 3
U = 60 g A

this amount of water could be supplied by an average recharge of , 001
in/year on an area of 850 square miles. The discharge area within the
Pueblo is about § the total area or about 250 square miles. Since the
vertical hydra.uhc gradient of Village well no, 4 is . 004 ft/ft and the well
occurs where such gradients would be a maximum, the average vertical
gradient over the discharge area is probably about , 001 ft/ft. The
vertical hydraulic conductivity in most rocks is about one-tenth the
horlzonta.l, so if we assume an average hydraulic conductivity of 10
gpd/ft%, an estimate of the average vertical permeability of 1 gpd/ft2

is reasonable, Substituting these values into the relation used earlier
and letting A = 1 ftz, we obtain an average groundwater discharge (D)
from the older roaks into the alluvium of

1 ! ft X . 001£t—— 1.3 x.10 4ft /ft = 0.59 in/year/unit

D=2 * 7.5 &t £t day ;
discharge area

If we assume that underflow into the Pueblo is equal to underflow
out of the Pueblo (a not unreasonable assumption) and that the discharge
dérives from a recharge area roughly 4 times larger than the discharge
area, then the estimated recharge becomes 0.15 in/year, This estimate
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range . 001 to , 15 in/year is compatible with the lithology, terrane, and
climate. Because the recharge area of the Pueblo is about 800 square
miles, the average annual recharge is no more than 2,8 x 108 £3 or
2.2 x 107 gal. Until data has been collected to improve upon this
estimate, it represents the maximum amount of water available for
atilization from the Mesozoic hydrologic units. To exceed this

amount would undoubtedly result in ground-water mining. Since 2.8

% 108 £t3 /year equals 6800 acre feet per year, and would irrigate

only about 2000 acres, long term use of ground-water derived from
recharge to these low permeability regions is precluded.

The preceeding discussion is predicated upon several reasonable
assumptions. However, there are two areas where the assumptions
are untenetable - the area above the Nutria hogback and the area of
the Tertiary-Quaternary sand.

The recharge area above the Nutria hogback includes a large
area (more than 100 square miles) of the Zuni Mountains east of the
Pueblo. Using the water in this canyon area (especially if the San
Andres Limestone has the anticipated large hydraulic conductivity)
would not materially influence the conclusion reached above with
respect to the Mesozoic hydrologic units, because these conclusions
were based upon recharge within the Pueblo. Because the precipi~
tation in the mountains is greater and summer temperatures are
lower, the recharge rate could be much larger in the Zuni Mountains
perhaps as much as 0.5 inch/year., So if ideal conditions prevail,
properly constructed wells in this valley could produce an additional
amount quantity of water which could be as much as 270 acre feet/year.

The volume of water that might be derived annually from the
Tertiary Quaternary sands cannot be estimated because there are so..
many factors we don't know including vertical hydraulic gradients,
saturated thickness, extent of the recharge area and volume of water
discharged to the alluvium, The hydraulic conductivity of the Tertiary
Quaternary sands is somewhat larger than that obhserved in the Mesozoic
units and the recharge area extends north and west for an undetermined
distance. A conservative educated guess is that wells in these sands
could add 2000 acfedeetofwateryper yeandortheyBueblots watepligupply.

I conclude, therefore, that the ground-water supply available
to the Pueblo of Zuni is approximately 10, 000 acre feet/year of which
about 8000 acte feet derives from recharge upon the Pueblo. To refine
these estimates would require an extensive exploration program.

T also conclude that a water budget of the following order is
reasonable:
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Water available ' inches/year

Precipitation 12.5
Digposition

Runoff .01
Ground-water recharge .15
Evapotranspiration (including

ground water discharge) 12,44

The amount of water discharged to wells is negligible.
Effect of pumping wells in the flow-net

When a well is pumped, the water level in the well lowers, This
has two effects on the rock-flownet system. TFirst, it reduces the pressure
exerted by the water on the rock and the rock compresses. In most cases
the compression is slight, but because it occurs over a large area and
encompasses a large volume of rock, the volume of water released
from storage in the rocks is fairly large, In a few cases the compres-
sional effects are large. In these cases subsidence of the land surface
occurs., Subsidence will probably never occur at Zuni because of the
competence of the rocks.

Second, the water level change alters the flow system so that
water originally destined for discharge at the surface is intercepted
and discharged by the well. Early in the history of a well, the water
is derived largely from storage;. later it is derived primarily from
the flow system. In practice this means that the rate of water dis-
charged early is greater than the rate of recharge; later when a new
dynamic equilibrium is established the rate of discharge to natural
sinks and to wells is the same as the recharge rate, If the discharge
rate continues to be larger than the recharge rate, ground-water
mining occurs.

Since at Zuni the natural ground water discharge appears to
be to underflow or to evapotranspiration, the development of the ground-
water resource for use on the Pueblo would be advantageous on two
counts. First, pumping would capture water otherwise lost to the
atmosphere., Second, pumping would intercept water which otherwise
might continue to acquire dissolved solids as it moves through the
flow system. The section of this report on water chemistry shows,
the average quality of the water in the Paleozoic and Mesozoic hydro-
logic units is barely adequate. The addition of more dissolved solids
would generally preclude its use by possible downstream consumers.
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HYDROGEOCHEMISTRY
Background

A discussion of the chemical and physical properties of natural
waters must take into account both the natural factors and those created
by men. The natural factors include:

(1) Flow line or path length
(2) Length of time in the ground-water reservoir
(3) Chemical characteristics of the rock through which or over which
water flows
(4) Evapotranspiration
(5) Temperature
(6) Pressure
The factors created by men include as:
(1) Mixing of water in wells penetrating several hydrogeologic units
(2) Sampling techniques
(3) Sample aging in collection bottles
{4) Changes in the flownet caused by discharge.

These fdetorss matheause one or both of the following responses
in the water chemistry at a well:

(1) a change in the total concentration of dissolved constituents.
(2) a change in the concentration of individual constituents.

As water moves through the ground-water reservoir, the total
load of dissolved constituents tends to increase and the character of the
dissolved constituents changes, Typically the cations change from Ca
rich to Na rich, whereas the anions change from Bicarbonate-carbonite
rich to sulphate rich to chloride rich., This pattern is modified con~
siderably by the composition of the rocks involved,

In general the concentration of dissolved constituent in water
is thought to increase with residence time, Given two flow paths of
the same length, the slower flowing water with the longest residence
time will generally have the greater concentration of dissolved con-
stituents,

Water discharging through evapotranspiration causes an increase
in the concentration of dissolved constituents., In general, the solubility
of the ions that occur in natural waters increases with temperature. So
the chemical composition of the water varies slightly with changing
temperature,

Ground water moves from low pressure (atmospheric at the
water table) to a higher pressure within the ground-water reservoir
and then back to low pressure at the point of discharge. These pressure
changes cause significant changes in the solubility of dissolved gases
and, hence, of those ions in equilibrium with these gases.

The man-~induced chemical changes are frequently difficult to
detect, for they may occur before any analysis of the water can be made.
For example, water discharging at a well may have lost all its dis~
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solved gas, When wells have several contributing zones the chemistry
of the water is a weighted average of the contribution of each zone and
may not be representative of the water in any one zone in the ground-
water reservoir,

Water samples tend to age, that is they tend to change for wvarious
reasons with residence time in the sample bottle (Summers, 1972) so that
water from identical sources unless handled identically may be reported
to have different compositions.,

When a well is pumped, the flownet of necessity alters, continued
pumping may result in the capture of water from an increasing number
of flow lines, If these flow lines are of different lengths or the water
has different residence times the chemical characters of the water will
change as the water from these flow lines discharges from the well,

In the following discussion these various factors are discussed
in so far ag possible. In too many instances we lack the data to be
quantitative or defineative.

Temperature

Temperature data for ground water within the Pueblo of Zuni
consists of (1) measurements of the temperature of water discharging
from a well or spring and (2) a temperature log made shortly after
casing was cemented into Exploration Oil #1 (Cities Service #1 Zuni A,
sec, 5, T, 9N., R, 19 W,) to determine the top of the cement. The
temperatures of discharging water are given in Appendixes 1 and 2,

Figure 13 relates the temperature of the water to the production-

Figure 13 (see page 81)

interval or depth of wells within the Pueblo, shows selected values from
the temperature log, and indicates the range of the temperatures of
springs.

The temperatures to a depth of 100 feet and the spring tempera-
tures show the fypical response to ambient air temperature variations,
Below 100 feet the temperature distribution suggests an average:gradient
of about 1,2°% ¢/100 feet, As the figure shows, wells in the recharge
area tend to have temperatures less than there predicted by the gradient
line; whereas those wells in discharge areas tend to have higher temper-
atures. :
In general the range of temperature is relatively small, less than
259C so we should not expect to distinquish variations in water chemistry
caused by temperature.
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pH

The pH of water samples obtainéd from wells and springs
within the Pueblo and measured in the field ranges from 6.1 to 8, 6.
The pH.of water samples observed in the laboratory is always higher
(fig. 14)., This phenomena has been observed many times (Summers, -
1972; Summers, Schwab, and Brandvold, 1972; Rittenhouse et al., 1969,

Figure 14 (see page 82)

p. 206). The difference appears to be unrelated to position in the flownet.
Moreover as the following tabulation shows, the average difference by
hydrologic unit is about the same. In general the only pH measurements
that describe subsurface conditions are those obtained immediately as

the water discharges and even these may be suspect if the water must
rise a long distance up a pump column,

pH Range

Hydrologic units . Field Laboratory Av, Diff,
Qal & Qb Te2-T,4 7.9-8.4 .15
TQs 7.0-7.2 7.5-8.3 .7

K (Cretaceous rocks) 7.1-8.5 8.1-9.0 .75

J (Jurassic rocks) - 8,0-8.3 -

B (Triassic rocks) 6.1-8.7 7.5-9.0 .85

P {(Permian rocks) - 7.6-8,4 -

In general the pH of ground water in the ground-water reservoir
at Zuni is probably in the range of 7. 0~7.5 and probably increases with
flow line length and residence time; large values probably reflect
sampling conditions rather than hydrogeologic phenomena. The lab-
oratory values reflect the pH of the water at the time of use, In
determining pH effects on pipes and plumbing one should use a value
in the range of 7.5-~8. 5.

Dissolved solids

The following tabulation compares the range of dissolved solids
observed for reservoirs, springs and wells,

Range of dissolved

Source solid (mg/1)
Reservoirs ‘ 166-738
Springs 242-1584

Wells 215-2899
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The low values observed for the reservoir reflect surface
runoff over relatively insoluble rocks, Downstream reservoirs in
general have the higher concentrations. Probably the results of
increasing evapotranspiration at lower altitudes and longer average
flow paths of water reaching reservoirs at low altitudes. Ground
water may discharge to some of the reservoirs, We should expect
the ground water discharging at low altitudes to include increasing
proportions of longer flow lines,

Springs in the pueblo of Zuni constitute the terminus of a
local or a local and intermediate flow systems and they discharge . ...
water derived from recharge within the hydrologic divides of these
systems. Those with low dissolved solids have recharge areas that
are relatively near and hence flowlines are short. Those with large
dissolved solids are springs terminating systems that have a more
remote recharge area. The chemistry reflects the union of flow
from a distance of several miles with flow from lesser distances
(fig. 15).

Figure 15 (see page 83):

Wells discharge water from any part of the flow system.
Low dissolved solids suggest a nearby recharge area. High dis-
solved solids suggest flow from a greater distance. The highest
and some of the lowest dissolved solid concentrations were obtained ..
in samples of water from alluvium. This suggests that two opposing
processes operate in the alluvium. First, the low values reflect a
dominance of short flow lines plus the diluting influence of infiltration
from stream flow or reservoirs. Second, the large values suggest
that the water in alluvium is derived from remote recharge areas
and reaches where infiltration is negligible. In those reaches where
infiltration is minimal evapotranspiration may further increase the
concentrations of the dissolved constituents. Figure 16 shows the

Figure 16 (see page 84)._‘»-5

relation of dissolved solids to depth of wells. Because the deeper
wells, reach a deeper part of the flow system, the dissolved solid
concentration generally increases with depth. The smallest increase
with depth occurs in the recharge area; the largest in the discharge
area,

Figures 17 and 18 illustrate the change of the principle cations

Figures 17 and 18 (see page 85, 86)
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and anions as the dissolved solid concentration increases in the Pueblo
of Zuni. At low concentrations calcium and magnesium ions dominate,
but as the total concentration increases calcium and magnesium consti-
tute a progressively small proportion of the cations. Three exceptions
are evident in Figure 17. One is the dominance of the calcium and
magnesium ion in areas where evapotranspiration is a factor. Amnother
is the dominance of calcium and magnesium ions in water discharging
from the San Andres Limestone (Permian age).

The third exception is two samples obtained from the Zuni
hydrogeologic unit. In these samples only, large calcium concentrations
occur along with extremely large sulfate concentrations--suggesting
the presence of hitherto unsuspected beds of anhydrite or gypsum in
this hydrogeologic unit., Solution of a bed of gypsum and subsequent
collapse of the overlying rocks could explain the elongate fracture zone
(Fig. 9) discussed previously, since it is only a few miles west of
these wells,

At low concentrations bicarbonate plus carbonate ions dominate
the anions but as the total dissolved solid concentration increases,
bicarbonate plus carbonate constitute a progressively smaller pro-
portion of the anions, Figure 18 shows the relationship is generally
independent of hydrogeologic units. The scatter is probably related to
lithology, to sample aging, to the proportion of the other anions present,
and to well construction. )

Figure 19 relates the concentration of chloride to depth at Zuni.

Figure 19 (see page 87)

The concentration appears to decrease with depth. This probably
reflects the concentrating effect of evapotranspiration. Bicarbonate
and carbonate may combine with calcium to preeipitate as the mineral
calcite. Calcium may combine with sulphate and precipitate the mineral
gypsum allowing the bicarbonate and carbonate to escape as CO; and
H70. These minerals form a white crust on drainageways where evapo-
transpiration is severe which is washed away when surface runoff occurs.
The salts of the chloride ion are far more soluble, hence rarely pre-
cipitate from ground water. The shallow well at BlackRock has low
chloride becauses it discharges water that infiltrates from Bolton and
Black Rock Reservoir ‘

The difference in the dissolved sclids of Black Rock Well #2
(1561 ppm from a production interval 624-932 feet) and Black Rock
Well #3 (1045 to 1096 ppm from a production interval 810-1060 feet)
probably reflects the residence time factor. Well #3 reached the San
Andres limestone. One might argue, therefore, that east of Black
Rock solution phenomena in the limestone make it permeable, whereas
the weight of the overlying rocks tend to close fractures in the overlying
rocks and reduce their permeability, Water whose travel path included
the limestode would, therefore, have a lesser travel time and smaller
concentration of dissolved solids than water whose travel path did not
include the limestone.
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Relation of dissolved solids to specific conductance

Figure 20 shows the realtionship of dissolved solids and specific

Figure 20 (see page 88)

conductions for water samples from wells, springs, and reservoirs,
In general the realtionship

Dissolved solids = 0. 64 x specific conductance

estimates the dissolved solid concentrations in water samples from the
Pueblo fairly well.

Effects of Pumping - short term

Data on the short term effects of pumping are scant, When
the oil test in sec. 5, T. 9 N., R. 18 W, (Fig. 8 and Pl. 3) was
completed as a water well in April 1964, it was pumped for short
periods at various rates on April 17, 20, and 27 and multiple samples
were collected each day., The following tabulation gives the results
obtained.

Date time since pumping began {min) Sp. _Cond,
4/17/64 . about 1 800
60 550
120 460
140 340
200 1600
4720/ 64 about 1 1550
150 1870
4/27/64 about 1 1210
130 1180
164 1190
205 1110
250 1210
330 1190
490 : 1140
555 1140

The sanivles collected the first two days apparently contained water
from another source, probably drilling fluid, The third day's results
shiow only minor variation with time, Clearly to obtain a representative
sample, one must be sure the well has pumped long enough to eliminate
such superfluous water.

vo-
o et e -
B TLLLE
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As village of Zuni well #4 was drilled, a pumping test when
the well was 245 feet deep (uncased interval 160-245). Two water
samples were collected one after 60 minutes of pumping, the other
after 727 minutes, The analyses are compared below.

Constituent Concentration (my/1)
60 min 727 min
Boron (B) .35 .43
Iron (Fe) .14 .14
Calcium (Ca) 18, 04 17,03
Magnesiurn (Mg} 6. 08 4, 86
Sodium (Na) 314, 04 310. 37
Potassium (K) . 82 . 82
Phosphorous (P) Trace Trace
Bicarbonate (I—ICOB) 589,45 543, 08
Carbonate (003) 35,71 34,51
Sulfate (SO4) 93,18 92. 22
Chloride (Cl} 104,96 97,16
Fluoride (F') : .35 ‘ .25
Nitrate (NO3z) 1,30 1.30

Dissolved solids 868 818

Specific Conductance 1400 1350
pH 7.9 L7799

The differences do not exceed those one might expect in
identical samples (Summers, 1972).

Effects of Pumping - long term

Chemical analyses of water from wells samples at intervals
of at least one year are available for 7 wells.

Of these stock well E. C, W, no. 17 (sec. 22, T. 10N., R, 18 W.)
and Black Rock Well no, 3 show no significant changes.

The change that occurred in other wells are:

Black Rock Well #1 Na increases, Ca+Mg decreases

Village of Zuni Well #1 Na, SOy, and dissolved solids increase
Village of Zuni Well #3 Na, SO4, Cl and dissolved solids increase
Irrigation well no, 1 NO3:increased substantially

(sec. 18, TION., R20W.)

Village of Zuni Well #2 illustrates the difficulty in rationalizing
long term changes. Samples collected before and after a redevelopment
effort in 1968, (appendix 3) show a substantial increase in dissolved
solids (682 to 940 ppm). This suggests that redevelopment opened
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a zone in which the dissolved concentration is higher. Samples obtained
in 1970 and 1972 are very much alike the "after' sample of 1968. This
suggests that the zones contributing to the well have not changed. Since
well no. 2 is open in several zones we expect that the water chemistry
will remain essentially the same as long as these zones contribute in
the game proportion, Village well no, l is open over a narrow range
and water from adjacent beds is being drawn into the well. Well no. 3
is open over..a longer range than well no. 1, but a shorter range than
well no. 2. Since both wells experienced increasing sodium and sulfate
concentrates, they may be drawing water from either overlying or
underlying rock, The increase in chloride in well no. 3 shows clearly
that water from overlying beds has been induced to flow to the well,
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WATER QUALITY

The term "water quality! implies water use. In general,
standards of water quality have been established for virtually every
water use, This discussion will be limited to a consideration of
three uses: (1) drinking, (2) irrigation, and (3) boiler feed. The
U, S. Public Health Service (1962) established standards for drinking
water; the U, S. Laboratory of Salinity (1954) and Wilcox (1955)
established standards for irrigation water. A committee on Quality
Tolerance of water for industrial uses (1940} established standards
for boiler feed water, Only those standards for which we have data
from the pueblo will be gited here,

No analyses were made for micro-organismas; the discussion
here is directed only at the chemical character of the water.

Drinking water
The following tabulations compare U. S. Public Health Standards
with the Range observed in New Mexico Water Supplies (N. M. Dept. of
Public Health, Environmental Factors, Water & Liquid Waste Division,

1967) for selected constituents,

U.S. P.H,S. Llimit

Constituent or recommendation Range inNew Mexico
Na. - 2.0 to 817 mg/1
K - 0:0to 78
Ca - 0.6 to 673
Mg - 0.0 to 182
Fe 0.3 mg/l 0.0 to 13,2
Cl 250, 0 mg/1 0.5 to 784
oy 1.5 mg/l 0. 05 to 5, 00 mg/1
NOg 45, 0 mg/1 0.0 to 32,0 mg/l
HCO3 - . 43,9 to 1215, 0 mg/1
CO3 - 0,0 to 185.4 mg/1
S04 250 mg/l 1.0 to 2044, 0 mg/1
Dissolved solids 500 mg/l 67,0 to 4500, 0 mg/1

Each of the U, S. Public Health Sexvice standards hag been
exceeded in at least one public water supply. in New Mexico. The
sulfate and dissolved solid standards are exceeded routinely.

The only constituents for which we have data from the Pueblo
of Zuni to compare with standards are: iron, sulfate, nitrate, fluoride,
and total -dissolved solids.
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Iron

With relatively few exceptions, iron occurs at trace concen-
trations in water samples from Zuni., Concentration larger than 0.3
mg /1 have been observed in samples from wells: E, C, W, No, 5 (sec.
12, 8N, 19W,; 0.43 mg/l1), village of Zuni Well No, 1 (2.5 and , 316
mg/1), village of Zuni Well No. 3 (1.3 and 0,7 mg/1); from springs:
none; from reservoir: Tekapo (. 480 mg/l), Black Rock (. 460 mg/1),
Pescado (1,9 mg/l) and Nutria diversion (1.1 mg/1).

With the exception of Well E. C. W, No, 5, for which only one
analysis is available, subsequent analyses showed the iron concentra-
tion to be less than 0.3 mg/l in the wells. Iron in drinking water is
not a problem on the reservations.

Nitrates

The following tabulation shows the range of nitrate concentra-
tions in water for reservoirs, wells, and springs.

, mg/1
Reservoirs 0.3 to 0.99
Springs 0.6 to 51
Wells 0.1 too8%5

According to the U, S. Public Health Service (1962), water con-~
taining more than 45 mg/l of nitrate should not be given to infants.
Water from one well in sec. 23, T. 12 N., R. 17 W,, which is
equipped with a hand pump, contained 86 mg/l and water from a
spring in sec, 8, T, 10 N,, R. 20 E., contained 51 mg/l. These
concentrations reflect very local contamination of the water supply
by animal waste, They are probably not due to fertilizing--~-since
phosphorous concentrations are low., Water from two other wells
RWP Z-27 (sec. 8, T. LO0N., R. 20 W.) and Irrigation #1 (sec. 18,
T. 10 N., R. 20 W, ) contain 33 and 34 mg/l, respectively., This
level of concentration at Zuni probably reflects contamination by
animal wastes. All other water sampled had nitrate concentrations
less than 10 mg/l and most of them had concentrations less than
1 mg/l.

Fluoride

The following tabulation shows the range of fluoride concentration
in reservoirs, springs, and wells.
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—ppr
Reservoir : 25 to .57
Springs .25 t0 .88
Wells .20 to 6,00

No 0, 00 values have been reported.

The U, S. Public Health Service (1962) has recommended that
in areas where the average air temperature is 50°F that the ideal range
of fluoride concentration is 0.9 to 1.7 mg/l (optimum 1, 2 mg/1).
Presence of fluoride concentrations greater than 3,4 ppm would consti-
tute grounds for rejection of a water supply for use in interstate com-
merce, )

Fluoride concentrations greater than 1.0, were reported for 14
wells (including three of the village of Zuni wells); 4 wells have concen-
trations between 1.00 and 1.50, Three of the wells were in T, 8 N,,

R, 19 W.; ten are in an east-west belt, 4 miles wide. The north line
of this belt is just north of Black Rock; the South line is about 1 mile
south of the common boundary between T. 9 N., and T. 10 N. The
campground well (sec. 5, T. 11 N., R. 17 W, } is the remaining well.

The fluoride concentration in three wells (E. C.W. No., 5 (Sec. 12,
T. 8N., R. 19 W,; 4.40 mg/1l), E.C., W. No. 13 (sec. 32, T. 10N,,
R. 16 W.; 3.80 mg/1) and Black Rock well No, 2 (6. 00 mg/1)) exceeded
the 3.4 mg/l. Water Ffrom these three wells should not be used by
people on a sustained basis; nor should it be used by young livestock.

No universal relationship could be established between fluoride
and depth, lithology, or position in the flow net.

Sulfate

The following tabulation gives the range of sulfate concentration
in reservoirs, springs, and wells in the Pueblo:

me/1
Regervoirs 1.4 to 364
Springs 1.67to 722
Wells 3.36 to 2046

Only one reservoir (Ojo Caliente) showed sulfate concentrations
greater than the 250 mg/l recommended maximum for drinking, Water
from two of the six springs samples contained more than 250 mg/l, Of
the 39 wells for which chemical analyses of water were available, 20 had
less than 250 mg/l, 9 had concentrations between 250-500 mg/1; 6 had
concentrations between 500 and 750 mg/1 and 3 had concentrations
greater than 750 mg/lL




41

Dissolved solids

The recommended limit (500 mg/1) for dissolved solids is
routinely exceeded in water samples from Zuni wells. Of the 14 wells
that discharged water contain less than 500 mg/1 dissolved . solids, 9
contained at least 400 mg/l. In general, the ground water in Zuni can
be expected to contain more than 500 mg/l of dissolved solids.

Conclusions

Although the chemical characteristics of the ground water of
the Pueblo of Zuni fails to satisfy the U, S, Public Health Service
standards for use in ihterstate commerce, The water is within the
range used by many New Mexican communities, so we may conclude
that the water may not be entirely satisfactory, but with minor ex-
ceptions, it isn't harmful.

Irrigation

The applicability of water to irrigation depends not only upon
the chemical character of the water, but also upon the characteristics
of the s0il and the crop. However, for a preliminary appraisal of the
water, we may consider the boron concentration, the relation of
specific conductance to percent sodium, and the relation of specific
conductance to the sodium absorbtion ratio.

Boron

Wilcox (1955) created the following rating of irrigation water
for various crops on the basis of the boron concentrations in the watexr:

Sensitive Crops Senxi~tolerant  Tolerant Crops
Grade (mg /1) Crops (meg/l) (mg/l)
Excellent 0.33 0,67 1,00
Good 0.33 to 0, 67 0.67 to 1,33 1. 00 to 2,00
Permissible 0.67 to 1, 00 1.33 to 2,00 2.00 to 3,00
Doubtful 1.00 to 1,25 2.00to 2,50 3,00 to 3.75
Unsuitable 1,25 2.50 3.75

.- Following this rating system, water from wells in the Pueblo of
Zuni rate (base on the most recent chemical analysis) as follows:



42

Number of wells in range

Grade Sensitive Crops~Semitolerant crops~Tolerant Crops
Excellent 20 30 , 37
Good 10 8 - 3
Permissible 7 2 0
Doubtful 1 0 0
Unsuitable 2 0 0

The water sample of springs and reservoirs all contained less
than 0. 33 mg/l of Boron.

Specific Conductance and percent sodium

Figure 21 is an irrigation water classification diagram

Figure 21 (see page 89)

(Wilcox, 1948) on specific conductance and percent sodium. The points
plotted on the diagram are based on the most recent chemical analyses
for each well. The array of points shows that only 13 wells supply
water in at least the permissible or better class. By contrast, water
from 6 of the 8 reservoirs fall in the good-fo-excellent class,

Sodium-salinity hazard

Waters rich in sodium tend to defloculate soils and create an
impermeable crust. The sodium &bsorbtion mmtio is a measure of the
relative availability of sodium in a water sample. Figure 22 is sodium-
salinity hazard diagram based on the sodium absorbtion ratio and specific
conductance,

Figure 22 (see page 90)

Both the salinity hazard and the sodium hazard ranges from low
to very high. Only samples from two reservoirs occupy the ideal low-low
region. Most of the ground waters fall in the medium to high range of
salinity hazard, samples from wells tending to fall in the high range.

Conclusions

The prospect of obtaining additional supplies of quality irrigative
water from the consolidated-rock hydrology units economically is remote.
Some additional supplies of irrigation water may be obtained from the
Tertiary-Quaternary sands, Quaternary basalt, or Quaternary alluvium
in some reaches of the Zuni River. In general, the quality of the ground
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water when considered in terms of the total supply available probably
precludes the economic development of ground water for irrigation
except for small local areas or for those crops that are extremely
tolerant to salinity.

Boiler-feed water

The Committee on Quality Tolerances of Water For Industrial
Uses (1940) established the following limits for boiler feed water:

Pressure, psi 0-150 150-250 250-400 . over 400
Total hardness (as CaCOs) 80.0 40,0 10.0 2.0
Bicarbonate mg/l ) 50.0 30.0 5.0 0.0
Carbonate mg/1 200.0 100.0 40,0 20.0
Total solids mg/1 500-2000 500-2000 100-1500 50.0
pH value (minimum) 8.0 8.4 3.0 9.6

We do not have data to discuss the other standards, which the committee
established. .

The chemical analyses in Appendix 3-6 show that the relafively
few of the water samples fit these criteria. Water from every source
including the reservoirs will require some treatment before it can be
used for boiler feed or other industrial use.
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GROUND WATER RESOURCE DEVELOPMENT

Introduction

To develop the Pueblo of Zuni's ground-water resources, we
need to consider the following factors: (1) the location of wells and
well fields, (2) well construction and development, (3) the consequences
of development including possible or potential environmental hazards
and possible variations in water quality and well yields, and (4) pro~
tective monitoring measures,

Prospect areas

Small water supplies for stock or domestic use can be developed
throughout the reservation, Therefore, this discussion will be limited
to the prospects of developing wells and well fields for municipal and
industrial use in the Zuni-Black Rock Area. These prospects include
the upper Nutria area, the Fractured area of the Zuni hydrologic unit,
the Zuni-~Black Rock area and the Tertiary-Quaternary sand area.

The Upper Nutria area can be discounted from immediate con-
sideration for two reasons. First, it is so remote from the village
area where the water is needed that economic barriers will preclude
its use for sometime, Second, the conclusions about this region are
speculations. Much new data must be generated from the area before
it can be actively considered, 4

The fractured area of the Zuni hydrogeologic unit offers fair
opportunity for lirge yield wells, These wells would be on the order
of 1000 to 1400 feet deep; would be relatively costly to construct, and
would probably deliver water containing only slightly less dissolved
solids than that now obtained from well in the Zuni-Black Rock area.
This area should be prospected when such prospecting can be justified
by economic factors,

The Zuni-Black Rock area, itself, can be made to produce more
water efficiently through improved well construction techniques, appro-
priate well spacing, and controlled well yields, However, the water
quality can be expected to deteriorate as the sustained discharge induces
infiltration from above and as more and more of the deeply circulating
under flow is _diverted to the wells., Moreover over a long period of
development (50 to 100 years) interference between wells will reduce
the net discharge of the field and increase pumping lift costs.

The- Tertiary-Quaternary sand extends over an area of about two
townships., Although our information about this unit is sparse, it has
several characteristics that suggest it should be the primary target for
future development. First, wells would be relatively shallow, ranging
from 100 to 400 feet deep. Second, because it consists of unconsolidated
sand, the coefficient of storage is probably larger than for any other
hydrologic unit and wells could be drilled cleser together, Third, re-
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charge occurs locally, so ground-water travel paths are short and the
concentration of dissolved solids in the water should be significantly
lower than the present supply. Fourth, few wells will be required to
deliver the volume of water needed and pumping equipment and pumping
costs shbuld be less,

The adverse features of this area are its distance from the Zuni-
Black Rock area, (The water will have to be piped 4 to 10 miles. ) Wells
will have to be constructed with screens and gravel or sand packed--a
technique not commonly used in the area. Controls may be required to
prevent ground-water pollution, Before the first water supply well is
constructed, an exploration prograrn should be conducted to define pre-
cisely the saturated thickness and hydrologic properties of the sand,
Despite these difficulties, the Tertiary-Quaternary sands constitute
the best long term solution to the water-supply problem of the Zuni-
Black Rock area.

Well construction and Development
Existing wells

Well construction within the Pueblo of Zuni has consisted of
drilling a hole with either cable tools or a rotary drilling machine and
gsetting casing. In some wells the casing extends to the bottom of the hole
and water ig produced through perforations; in others the casing does
not extend to the bottom and production is from the uncased part of the
hole. In a few wells perforated casing and open hole are both used. The
perforation in the casing range from torch cut slots at random intervals
to milled cuts at precise intervals. In-hole gun perforations have also
been used. _

Development generally consisted of pumping the well until
clean water discharged. This procedure tends to produce inefficient
wells,

When a well ispumped, the water level in the well declines.

The amount of decline is determined by the hydraulic characteristics
of the water-bearing rocks and by the well construction technique,
This concept is expressed ‘

s = BQ + cQ™

where & is the drawdown in the well

Q is the discharge of the well

B is a factor determined by the hydraulic properties of the rocks

C is a factor determined by the well construction and is a constant
For Zuni (as in many other areas) setting n = 2 is a good first approxi-
mation. So for Zuni we may write:

s=BCi+CQ2
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I a well is 100 percent efficient then C = 0 and all drawdown is due to
the hydraulic characteristics of the water-yielding rocks. However,
the drilling procedure can plug the well face pores so that water may
not enter the well at the rate the rock is capable of producing. In this
case the value of C determines the additional drawdown we can expect
hecause of the %lugging. In the extreme case where all the entry pores
are plugged CQ”“ is larger than the depth of the well and no water enters
the well, The value of C was established from step pumping tests made
on village of Zuni wells and on Black Rock Well #3., It can also be
estimated from specific capacity tests made at different times. The
analyses for the wells in the Zuni-Black Rock area produced the following
results:

Well Value of ""C" (ftLgpmz) Remarks

Village of Zuni #1 . 03 Based on two step tests
and several specific
capacity test. Good value,

Village of Zuni #2 . 00 Based on test after redevel-
opment. Good value.

Village of Zuni #3 . 00? Based on poor specific
capacity test. Questionable.

Village of Zuni #4 .01 Basged on one step test,
Fair value.

Black Rock #3 . 06 Based on one step test.
Fair value.

Figure 23 illustrates the affect of well inefficiency-on the drawdown of

Figure 23 (see page 91)

village of Zuni Wells #1 and 4 and Black Rock Well #3., The test on
village of Zuni Well #4 was made when the well was being drilled. The
discharging zone was the interval 160 to 245 feet. Thus, it does not
describe the finished product. The curves for the other two wells
reflect their present condition. Clearly, had these wells been con-
structed so as to minimize well inefficiency, their yield at a given
drawdown would be larger. Clearly too, at least part of the problem
of water supply in the Zuni-Black Rock area is well inefficiency.
Similar analyses for other wells were not possible, because no step
pumping tests had been made and generally, there was- at most only
one specific capacity cited per well. Petroleum engineer approach
the problem of well efficiency by utilizing recovery data following well
discharging to determing the "skin effect." This is a measure of the
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drawdown caused by the well and not by the formation. However, to
apply this technique quantitatively to water wells requires that we know
accurately the specific storage of the water yielding rocks. Since we
don't know the specific storage of the rock at Zuni, we can only use
the technique qualitatively, By inspection of the recovery data, we
can ascertain whether the skin effect occurred and whether the skin
effect is more or less than the effect obtained in another well pumping
at the same rate.

In general, each well test pumped during August 1972 showed
the influence of the skin effect. Moreover wells in the fractured zone
of the Zuni hydrologic unit had a negative ""skin effect' (the presence
of the fracture made the éffective diameter of the well much larger, )
In all other wells, however, the recovery data suggests a substantial
skin effect. Thus improving the quality of the wells constructed would
increase their yield.

Pumping a well induces a water level decline in nearby wells.
To predict the rate of decline due to nearby wells accurately, we need
to know details of construction of the two wells, the horizontal and
vertical hydraulic conductivities, specific storage, and thickness of
the water~bearing rocks, and the distance between them. Figure 24

Figure 24 (see page 92)

shows the interference that might be expected under idealized con~
ditions and assuming (1) continuous pumping at 25 gpm (the current
average rate for the 4 village wells) and, (2) hydraulic properties of
the rock less than those thought to occur., This figure presents con-
ditions in the Zuni-Black Rock area pessimistically. However, unbiltl
additional multiple well tests can be made to define the hydraulic
properties of the water-bearing rocks more accurately, it is a con~
servative estimate for engineering purposes,

Recommendations for Future Wells

Wells drilled on the Pueblo of Zuni can be divided into two
categories-~those in consolidated rocks and those in unconsolidated
rocks. Those in consolidated rocks should be drilled with an eye to
keeping pores open., If rotary tools are used drill with water \-Nherever
practical. If mud is used, use a variety that will break down in a few
days. Be sure that all mud and all fine particles are flushed from the
well bore. A complete suite of electric logs, including gamma ray and
caliber logs should be obtained, A multiple step test should be conduc-
ted, :

If the test shows the well is efficient, no development is required,
but if the test shows the well to be inefficient, several developmental
techniques areavailable, These include chemical treatments, swabbing,
surge pumping, and underreaming.
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In those rocks composed of alternating hard and soft beds,
light explosive (primacord) opposite the hard beds may aid considerably
in developing the well, In rocks composed of thick beds of competent
rock, larger charges of high velocity dynamite will open and extend
the fracture locally, thereby increasing the yield. Hydro-fracturing
may prove useful, However, the development program should not
be undertaken unless a full suite of electric logs has been analyzed
first., Each well will have its own unique conditions and these must
be thoroughly understood before development can be accomplished
most economically.

The casing in a well should be cemented to at least 40 feet below
the water table., In the consolidated rocks, fracture form the major
pores for hydraulic conductivity, Therefore, coarsely slotted casing
may work well if enough of it is used and if the development activity
can be made to remove the loose particles between the casing and the
rock. A complete suite of electric logs will help solve the well com-
pletion problem. To establish a well design before these logs are avail-
able will lead to inefficient wells and a false economy. The most
practical procedure would be to drill a test hole in which electric logs
are run. Then on the basis of those logs designs the construction of
the well including both the casing and development programs.

In unconsolidated rocks wells should be drilled with reverse
rtotaty, using large (30-36") diameter bits., Commercially available
screens (10 to 14! diameter) should be used-~-slotted casing is inap-
propriate. The annulus between the screen and the rock should be
sand or gravel packed. A preliminary test hole should be drilled and
gamma ray and resistivity logs obtained. With this data, the size of
the screen and the sand or gravel pack can be established. Actual
well construction should take only a few days. Cable tools may be
used but will take longer to make a finished well, Rotary drilling
should not be used to drill wells in unconsolidated rocks. They are
satisfactory for test holes.

Two tests should be made for each well drilled. The first
should be a carefully controlled step pumping test with water level
measurements being measured frequently (1 or 2 minutes apart beginning
the first part of the step and at least every ten minutes during the
latter part of each step) and discharge should be constant for each
step and measured frequently, Steps should be at least 1 hour loag
and there should be at least 4 steps., Each step should see the pumping
rate increased by 25 to 50 percent, Recovery should be measured.

The second test should consist of pumping the new well for
at least 24 hours at a constant rate. Drawdown and recovery in the
new well and in every nearby well should be measured often, Dis-
charge should be carefully monitored, including measurements of
rate, temperature, specific conductance, pH, alkalinity, and chlorides.
Several water samples should be obtained for complete chemical
analyses.
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With these data the well field design can be improved. Should
changes occur in the system the amount of change can be determined,

Springs and horizontal wells

Springs on the reservations are an important facet of the hydro-
logic cycle, Many springs or seeps might be made to produce more water,
if horizontal wells were installed, Initially, they discharge more water
than the springs or seep, because they obtain part of their yield by locally
depleting groundwater storage, Their long term yield, however, should
be the same as that of the springs or seep, but they should produce more
water for stock because these wells capture water that previously had
been lost to evaporation, -

Dynamite should never be used on springs or seeps in the
reservation. If the integrity of the rock underlying the spring is damaged,
the spring could be destroyed forever, No amount of permeability
increase at the spring will cause a substantial long term increase as
ground-water storage is locally depleted, Omnce this is accomplished
the yield will return to that before any development was attempted. The
vield of springs and horizontal wells is determined by flow systems and
regional character of the rock.
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RECOMMENDATIONS

This report interprets ground-water conditions within the Pueblo
of Zuni from the available data. To improve the interpretation {(as

opposed to simply changing it) a great deal of new work must be done,
This work should include:

(1) Detailed surface geological mapping using 7% min. quadrangles
with at least 20 foot topographic contours, This mapping would beemade
considerably easier if low level color aerial stereo photography were
available,

(2) A systematic data collection program including:

(a) short term pumping tests on all stock wells, These tests
should provide water samples for chemical analysis and
data on temperature, pH, and specific conductance of water,

(b) systematic collection of well data. Well depths should be
measured, resistivity and gamma ray logs would be useful,
Water levels should be measured at least once a year. The
location and history of each well within the Pueble boundarys
should be kept in a central file for future reference. When
a new well replaces an old one, a new file should be started
and the old one should be preserved. Drillex’s reports
should be obtained for each new well whether drilled by an
individual or by the tribe. The record of every drill hole
on the reservation should be retained,

(3) A carefully controlled pumping test involving all the wells at the
village should be made as soon as possible.

(4) An exploratory drilling and testing program for the Tertiary-
Quaternary sands should be initiated.

(5) A complete field inventory of springs should be made, This
inventory should provide location, description, flow, temperature,
specific conductance and pH, The flow, tempprature, and specific
conductance of some springs should be monitored routinely.

(6) Tlo obtain better water budgets, more long term weather data
for the reservation must be ebtained from stations of various altitudes.
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CONCLUSIONS

The ground-water resources of the Pueblo of Zuni are adequate
in quantity if not in quality to satisfy the demand for stock, domestic
and light industrial needs. The quality of the ground-water together
with the cost to obtain a sufficiéntesupply will probably preclude the
use of ground~water for irrigation.

In addition to the Triassic rocks currently being tapped by the
Village of Zuni, other areas show potential. These areas should be
explored in detail, The most prominent area is Ts. 10-11 N,, Rs.
20-21 W., where there is an extensive deposit of wind blown sand.
Properly constructed wells in this area could produce enough water
of excellent quality to satisfy the Pueblo's municipal industrial needs
for the next century. Provided it is properly developed and protected,

The alluvium in the inmmediate area of Black Rock and Zuni
could be developed, but water quality problems may he insurmountable,
especially if flood control activity further reduces flood runoff,

Improved well construction techniques must be developed if
the water~supply is to be developed efficiently,



52

REFERENCES CITED

Ash, 8.R., 1959, The Indians of west~central New Mexico: New
Mexico Geol. Soc., Guidebook Tenth Field Conf.; West-
Central New Mexiceo, p. 154-56,

Bureau of Indian Affairs, 1970, Map atlas, soil, and range
inventory of the Zuni Indian Reservation: Albuguergue
area, Branch of Land Operations, Zuni Pueblo, 20 sheets.

Committee on Quality Tolerances of Water for Industrial Uses,
1940, Progress Report, J. New Engl. Water Works Assoc.,
v. 54, p. 261-272.

Cooley, M.E., 1969, Triassic stratigraphy in the state line

region of west-central New Mexico and east-central Arizona:

New Mex. Geol. Soc., Guidebook Tenth Field Conf., West-
Cantral New Mexico, p. 66-73.

—————— ., Harshbarger, J.W., Akers, J.P., and Hardt, W.E., 1969,
Regional hydrogeology of the Navajo and Hopi Indian Reser-
vations, Arizona, New Mexico, and Utah: U.8. Gecl. Surv.,
Prof. Paper 521-2, 61 p.

Cooper, Jamegs B. and John, Edward C., 1968, Geclogy and ground-
water occurrence in southeastern McKinley Coungy, New

Mexico: "N. Mex. St. Engr., Tech. Rept. 35, 108 p.

Dinwiddie, G.A. and Motts, W.S., 1964, Availability of ground-

water in parts of the Acoma and Lagunha Indian Reservations,

New Mexico: U.,S. Geol. Surv., Water-Supply Paper 1576-E,
62 p. '

—————— , Mourant, W.A., and Baster, J.A., 1966, Municipal water
supplies and uses Northwestern, New Mexico: New Mex. St.
Engr., Tech. Rept. 29C, 197 p.

Domenico, Patrick A., 1972, Concepts and Models in Groundwater
Hydrology: McGraw-Hill Book Company, 405 p.

Foster, Roy W., 1957, Stratigraphy of west-central New Mexico:
Four Corners Geol. Soc., Second Field Conf., Guidebook,
Geology of Southwestern San Juan Basin, p. 62-72.

—————— , 1971, Southern Zuni Mountains, New Mexico: New Mex.
Institute Mining and Tech., New Mex. Bur. Mines Mineral
Resg,, Scenic Trips to the Geological Past, No. 4, 75 p.




53

Freeze, R.A., 1969, Regional groundwater flow-- 0ld Wives Lake
Drainage Basin, Saskatchewan: Canadian Dept. of Energy,
Minas, and Resources, Inland Waters Branch, Scientific
Series No. 5, 246 p.

Gregory, H.E., 1917, Geology of the Navajo Country, a recon-
naissance of parts of Arizona, New Mexico,_and Utah:
U.8. Geol. Surv., Prof. Paper 93, 166 p.

Irwin, J.H., Stevens, P.R., and Cooley, M.E., 1971, Geology of
the Paleczoic rocks, Navajo and Hope Indian Reservations,
Arizona, New Mexico, and Utak:; U.S. Geol. Surv., Prof.
Paper 521-C, 32 p.

Jobin, D.A., 1962, Relation of the tranmissive character of the
sedimentary rocks of the Colorado Plateau to the dis-
tribution of uranium deposits; U.S. Geol. Surv., Bull,
1124, 151 p.

King, Vernon I.. and Wengard, Sherman A. (1957) ‘he Hospah Oil
Field, McKinley County, New Mexico: Four Corners 7Z=eol.
Soc., Second Field Conf. Guidebook, Geology of South-
eastern San Juan Basin, p. 155-168.

KRottlowski, Frank E., 1959, Pennsylvania rocks on the nocrth-
east edge of the Dbatil Plateau: New Mex. Geol., Soc.,
Guidebook Tenth Field Conf., West-central New Mexico,
p. 57-62,

Morris, Donald E. and Prehn, W. Lawrence, Jr., 1971, Chap.VITII,
The Potential for desalting in Zuni Pueblo: (in The
Potential Contribution of desalting to Future water supply
in New Mexico): A report prepared for office of the
State Engineer, State of New Mexico and Office of Saline
Water, U.S. Department of the Interior, OSW Contract
No. 14-30-2580, p. 73-82. ‘

New Mexico Department of Public Health, Environmental Factors,
Water and Liquid Waste Division, 1967, A compilation of
chemical analyses of the Municipal Drinking Supplies of
the State of New Mexico: Santa Fe, 47 p.

0'Sullivan, R.B., Repenning, C.A., Beaumont, E.C., and Page,
H.G., 1972, Stratigraphy of the Cretaceous rocks and the
Tertiary Ojo Alamo Sandstone, Navajo and Hopi Indian
Reservations, Arizona, New Mexico, and Utah: U.S. Geol.
Svurv., Prof. Paper 521-E, 65 p.

+



54

Reeder, H.0., 1961, Aquifer characteristics (in Goxdon, Ellis
D, Geclogy and Ground-water resources of the Grande-
Bluewater Area, Valencia County, New Mexico): N. Mex.
St. Engr., Tech. Rept. 20, p. 57-63.

Reneau, Wilbur E.,Jr., and Harris, James Db., Sr., 1957, Res-
ervoir characteristics of Cretaceous sands of the San Juan
Basin: Four Corners Geol. Soc., Guidebook Second Field
Conf., Geology of Southwestern San Juan Basin, . 40-43.

Reppenning, C.A., Cooley, M.E., and Akers, J.P., 1969, Strati-
graphy of the Chinle and Moenkopi Formations, Navajo and
Hopi Indian Reservations, Arizona, New Mexico, and Utah:
U.S. Geol. Surv., Prof. Paper 521-B, 34 p.

Rittenhouse, Gordon, Fulton, Robert B.,III, Grabowski, Robert J.
and Bernard, Jogeph L., 1969, Minor elements in oil-field
waters: Chem. Geol., b. 4, p. 189-269,

Sears, Julian D., 1925, Geology and coal resources of the Gallup-
Zuni Basin, New Mexico: U.S. Geol. Surv., Bull. 767, 53 p.

Smith, Clay T., 1954, Geology of the Thoreau Quadrangle,
McKinley and Valencia Counties, New Mexico: N, Mex,
Institute Mining and Tech., N. Mex. Bureau Mines Mineral
Resources, Bull, 31l., 36 p.

—————— ., 1958, Geologic Map of Inscription Rock Fifteen Minute:
Quadrangle, N, Mex. Institute Mining and Tech., N. Mex.
Bureau Mines Mineral Resources, Gesol. Map 4.

~~~~~~ , and others, 1959, Gesologic Map of Foster Canyon Quad-
rangle, Valencia and McKinley Countiesg, New Mexico: New.
Mex. Institute Mining and Tech., N. Mex. Bureau Mines
Mineral Resources, Geol. Map 9.

Summers, W.K., 1970, Survey of ground-water conditions that
might affect the institute mining of the North Windship
Area, Laguna Pueblo, Valencia County, New Mexico: Socorro,
N.M., N, Mex. Tech. Research Foundation, 46 p.

—————— , 1972, Factors affecting the wvalidity of chemical anaty~
ges of natural water; Ground Watex, v. 10, no. 2, p. 12-17,

—————— , Schwab, Geraldine E., and Brandvold, L.a,, (1972)
Ground-water characteristics in a recharge area, Magdalena
Mountains, Socorro County, New Mexico: N. Mex. Institute




55

Mining and Tech., N. Mex. Bureau Mines and Mineral Re-
sources, Circular 124, P-

Toth, J., 1962, A theory of groundwater motion in small drain-
age basins in central Alberta, Canada: Jr. Geophysical
Research, v. 67, p. 4374-4387.

Tuan, Yi-Fu, Everard, Cyril E., and Widdison, Jerold G., 1969,
The climate of New Mexico: Santa Fe, N.M., State Plan-
ning Office, Resources Planning Division, 170 p.

U.S. Public Health Service, 1962, Public Health Service Drink-
ing Water Standards: U.S. Dept. HueE.W., Public Health
Service, Publ, 956,

U.S. Salinity Laboratory, 1954, Diagnosis and improvement of

saline and alkali soils: U.S. Dept. Agriculture, Hand-
book 60.

Wilcox, L.V., 1948, The quality of water for irrigation use:
U.S. Dept. Agric., Tech. Bull. 962, 40 p.

—————— , 1955, Clagsification and use of irrigation waters,

U.S. Dept. of Agriculture, Circular 969, 19 p.




56

Table 1. Population of Pueblo of Zuni

Total Pueblo Village of Zuni
1920 17007
1950 2563:%
1958 37084+
1960 39347 3585
1970 ' 3958#
1972 6010+ +
1980 6200%
2000 76007

90004

Sears (1925, p. 7)

Census figures in Dinwiddie, Mourant, and Basler (1966)
Merris and Prehn (1971, »n. 73)

Ash (1959, p. 156)

Tribal figures



Age Hydroloaic Unig
Alluvium Alluvium (Qai)
Quaternary p b Basalt (Cb)
g'é?ﬁf;?ff” pune Sand Dune Sand (TCs}

Crevasse Canyon

. Gallup Gailup Sandstone (Kg)
Cretaceaus nces Mancos Skale (Km)
A} Dakota pakota {?) Sandstone {(xd)
! Morrison Fm (Im}
Wingate~-Entrada= Zuni Sandstone {Jz}
Juerassic zunl Morrison Entrada Sandstene (Je)
Wingate Sangctone (mw)
Triassic Mudstones cChimle rm
Triassic and Sandstones ¥oenkopi rm 7€)
San Andres= San Andres Ls (Psa)
Feraian Glorieta Gloricta 88 (Pg)
Yeso Yoso Forsation (By)

Abo Formation (Pa)
Precarbrian {p<)

Pracasbrian Abo
Pyecarbrian

*Values for DaChelly formation of Arizona,
ivalues for Supa:r Forration of Arizona.

Stratigraphic unis |

Crovasce Canyon Fm (Kce)

Thickness
{faet)

9-2007
0-93

9-318

0-600
230-559
280-630

40-200

0-350
445-660
105275

10007-18007

0-239
120-280

275-530
3002-10007

Table 2=-Sunmary of hydrologic units and their vater-bearing

and vater-yielding characterietios

Northeastern Arizona=Northwestern New Mexice

- Jouin,
1962
1 Cool L 1963 S
At Zun ooley, et al, Average
- Specific - F:eid Te5L3 ¥
T b3 Yield Capacity Laboratos FUraing 7ests Ealling Tosts PYeosliy e Toots [gna/f1?)
Lithology tgpd/dt) topasfe?)  (gpmd  (gpw/it} R_(WTM t SE- CEpr WY Sp. Cap T Czp. YivlE 5p. Cap. ¥ipld From 50
Gravel, sand, silt, clay 2640 63 125 1.2 - 375 to §3800 - -B=68,9 10-241 ,12-75  5-37% - - - -
Basalt - - 25 - - - - - - - - - - - -
Weil sorted, sand 1550 b 44 -3 - ) - - - - - - - - - -
Shale apgd sandstone with cozl - C- - - - - - - 203=.64  2u8h5  1,02-1.7 6-15 - -
Sandstone and shale with coal a5 1 10 L04 Ld=2 - - 203-4.78 13-264 ,07-4.84 4-150  .04-.28 7-11 4 100
Shale with sandstone - - - - - - - - - - - - - - -
Sandstone With shale 53 ¢ 100 .62 & 1.2 15 +04-.11 «7-25 - - - - 03-.40 3=36 06-.16 3-8 3 o
=15 &7% .4 ,45-.92 13-35¢ ,q7-2.2 6-19 G~-44 15 .2 40
Sandstone with shale and lg00 & 1z 15 27=,84 ez . 20.7 <1 07,16 9-16 207-.27 8-40 - - 3 1)
siltstone . 800 e ¢ M 1=4% - - - - 202-3.5 5-=3% - - A 35
- - - - - 02=7 7-8 - - Wl 7
Conglorerate sandsione, =iltatone - - y - " " - - -
shale, mudstone, Jimeséane ’ 20=50007 1-20 12 «013-1,25 150 & 2000 1.5 ,25-1,35 50-100 .03-3.3 1-G0 [ I ¥
Limegicne 5 - -. - - = - - - - 4
520 2 50 W17-,23 - 6172 ¢ - z T T
Sandstone 2=.9 6600=15500 -7 223 05 .?3 $-34 .03 2 3
Sandstone, limestene, shalae, qypsun - - - - 4.2-40% 310-755% 1-5% ,21-1.21% 25-150% .01-3.0% 3-200% - - 21
Sandstoae, siltstone, shale - - - - ~ - - - - «01~,928 1248 - - -
ranite and guartzite - - - -

LS
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Table 3, Stratigraphic nomenclature of Permian rocks, Northeastern
Arizona and Northwestern New Mexico (after Irwin, Stevens,
and Cobler, 1971, p. 10).
Epoch Defiance Plateau Area Pueblo of Zuni
Erosion
M
San Andres (?) San Andres
L d Limestone Limestone
eonar Redbeds
in Bonito Canyon
= 2 : -
2 e Upper Member Glorieta Sandstone
Q; "é’ ¢ San Ysidro
A 5 Lower Member L Member
\ eg; Meseta Blanca
& SS_ Membet
Abo
Wolfcamp Supai Fm. PR
T
-
/,—.\‘-_./r“\\-_’/f'—--.\_//

Erosion

Erosion
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Table 4. Description of cuttings samples from Cities Service #1
Zuni A by Roy W, Foster,

Cities Service #1 Zuni A (McKinley County)

1980 S, 1980 W, sec. 5, T. 9 N., R. 18 W.-

Elev, 7,027'; T. D. 2, 591'

Spud: 11-7-63; Comp: 11-22-63

Triassic at surface: Samples begin at 1,230 feet in San Andres Limestone

Glorieta Sandstone: Top: 1,270'; Thickness: 120'. White, fine~to

medium-grained, friable sandstone.

Yeso Formation: Top: 1,390"; Thickness: 530'. Fine-grained, orange
sandstone in upper part wif;h some fine-to coarse-grained intervals;
a}nd thin beds of gypsum. Dark-yéllowish brown limestone, orange,
medium to coarse sandstone, and gyvpsum interval from 1, 685 to
1,800 feet. Lower part fine-to medium-grained, oraﬂge sandstone

of Mesita Blanca Member.

Abo Formation: Top: 1,920'; Thickness: 600'. Pale red siltstone, very
fine~grained sandstone, dark red shale, and minor arkosic

conglomerate. Basal interval of pale reddish gray siltstome.

Precambrain: Top: 2,520'; Thickness: 71'+. Quartzite and schistose

quartzite.



Table 5. Thickness of Permian Formations penetrated by
wells in the vicinity of the Pueblo of Zuni, New Mexico
(+ indicates incomplete penetration)

Well Name Location Formatlion thickness (feet)

Sec., T, N. RW Abo Fm Yeso Fm, Glorieta SS. San Andres LS.
Roy M. Eidal #32 State 32 9 15 - - - 146
Cities Service #1 5 9 18 600 530 120 263
Robert O, Lister #1 Zuni 2 10 19 o -- - ' -
Black Rock Water Well #2 24 10 19 - - 160+ 100
Village of Zuni 28 10 19 - -- 280+ 0

Water Well #1

Carter Oil Co 7 11 19 350+ 275 255 80
Santa Fe #2 ' '

William G. Coffey #1 35 11 19 - - .- 289
Coffee Federal .

09
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Table 6, Consensus of Moenkopi, Moenkopi(?), and
Chinle Formations lithology

Stratigraphic Unit

Lithology

Remarks

>
ember

|

Owl Rock Member

pper beds

Sonsela sandstone
bed

Petrified Forest

Lower beds

Lower Red (Monitor
Butte ) Member

Chinle Fr;?rmation

I
Mesa Redondo
Member }
Shinarun’p_ Member

Moenkopi(?)
Formation

Moenkopi Formation

calcareous stilstone, limestone
silty sandstone

gilty sandstone, siltstone,
mudstone with limestone
conglomerate

sandstone and conglomerate
with mudstone and siltstone

mudstone and siltstone

siltstone and mudstone
alternating with conglomeratic
sandstone, includes limestone
conglomexrate

mudstone, siltstone, sandstone
and conglomerate

. sandstone and conglomerate

with some mudstone

siltstone, mudstone,
sandstone conglomerate

gsandstone,siltstone
some conglomerate

some beds traced 20 miles

lower bed flat a,ncli lenticular
to 4+ mile long

channel depusit

broad chammel deposits
discontinuous beds,

lenticular beds, and
channel deposits.

interfingering channel
deposits

channel deposits and
lenticular beds

channel deposits and
lenticular beds

channel deposits
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Table 7. Comparison of thickness of the Moenkopi, Moenkopi(?),
and Chinle Formations reported for Zuni Village area,
Zuni Mountains, and Defiance Plateau
Zuni Village Area

Thickness (fee:,tf)\

. | Frop-of Evotey BrepenmingrSuotey

Unit Well #1 1954 (1959) & Akers (1969)
. Owl Rock Member - 0 20+

T g T Upper Petrified Forest 135 NS 550

E’i o Correo SS H954 40 NS 60

§ g % Middle Petrified Forest 325 NS 170

o f5  Sonsela sS 105 NS 130

,53 ﬁ‘.’, \L Lower Petrified Forest 5530 NS 30

g Lower Red {Monitor Butte) 300 250
Member

l - Mesa Redondo Member 0 present 200
Shinarump Member 60 60 70
Moenkopi(? ) Formation | -- - -~
Moenkopi Formation 30 NS 304

? ? interpreted from sample description

afr
e

Scaled from plate 2
NS Not specified
-+ map in text shows O foot
#  map in text shows about 100 feet



Table 7 (cont'd)

Zuni Mountains

63

Thickness (feet)

Chinle Formation—
ctsjicd gorest

- SRR

— S5

Smmith Cooley Repenning, Cooley &
Unit (1954,1957)  (1959) °  Akers (1969)
- *plate 2 text
3wl Rock Member 300 50 40 0-140"
Upper Petrified Forest 10001364 364 370
Correo S5 NS NS 20 . 1100
Middle Petrified Forest 336~ NS 460
Sonsela SS 100-200 Present 60 50-200
L Tower Petrified Forest 1258 290 100
Lower Red (Monitou Butte) NS 190 390
Membex 300-500
Mesa Redondo Member NS 0 NS
hinarump Member \ 0 O~thin 0 0-80
Moenkopi(?) Formation 0 100+ 40 100+
0

Moenkopi Formation

0 0 100+

#*  Scaled from plate 2

T { interpretation of units from Smith's description of lithology

NS ' not specified

+ frommap in text
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Table 7 (cont'd)

Defiance Plateau

Thickness (feet)
Repenning, Cooley &

Unit Cooley(1959) Akers (1969)
Toxt 2(:<E%ia‘%eD2efiance)
4 Owl Rock Member 200-300 200-300" 240
i gmUpper Petrified Forest NS | 260
g ég Correo S5 V NS 400 40
E %éﬁ, Middle Petrified Forest Ni 240
% % Sonsela SS 150 50-200 150
P Lower Petrified Forest NS 200~300 200
M Lower Red (Monitor Butte)
Member 200 200-350 240
: Mesa Redondo Member 0 30 0
Shinarump Member 75 80 1000
Moenkopi(?} Formation - 0 0 . 0
Moorkopi Formation - 65 0-100" 0

+  from map in text
* scaled from plate 2

NS mnot specified
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Table 8. Sumfna.ry description of mudstones and sandstones
of Triassic Age,

Unit
Mudstone 6
Sandstone 5

Mudstone 5

Sandstone 4

Mudstone 4

Sandstone 3

Mudstone 3

Sandstone 2

Mudstone 2
Sandstone 1

Mudstone 1

Thickness({ft) Common Lithology

0-400
0-100
0-300

0~100
0-200

0-100
100-300

0-100

200-500
0-100
0-300

red clay shale
light colored sandstone

purple &brown shale
and siltstone

red and brown sandstone

purple & brown shales,
siltstone

red and brown sandstone

sandy siltstone, siliy
sandstone

light colored & red

“sandstone

siltstone & shale
light colored sandstone

silistone and mudstone

Remarks

includes beds of limestone

similar to Entrada 5SS

badland topography

badland topography

may be green

conglomerate in outcrop

may be green

conglomerate in outcrop

ot AL o e o anpn
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Table 9. Estimated hydraulic conductivity of Sandstones 2 and 3
in Zuni Village Well No. 4 based on effective grain size,

BIA Interval Effective grain diameter Estimated Hydrauli
Sample {feet) {mm) Conductivity(gpd /")
Sandstone 3 ‘

295 155-160 . 001 (1072) .01

296 160-165 . 001 (10"3) : .01

297 165-170 . 002 (2 % 1073 1

298 170-175  .001 (1073) .01
Sandstone 2

1006 575-580 . 149 1.5 x 107! 200

1007 580-588 . 080 8x 1072 100

1008 585-590 . 080 8 x 1072 100

1009 590-595 . 080 §x 10 % | 100

1010 595-600 . 080 8 x 107 % 100

1011 600-605 . 005 5% 1077 . 02

1012 605-610 . 002 2x 10’3 .01
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Table 10. Hydraulic conductivity and porosity of
~ sandstone cores of the hydrologic units of Cretaceous
age taken from the San Juan Bad n, New Mexico

Hydraulic Conductivity

. Porosity (%) (gpd/ft%)
Hydrologic Unit Source Range Average Range Average
Gallup Sandstone 1 5.0-27.2 14. 7 0.0-7.4 .53
3,.9-18,8 12. 6 0.0-.12 . 0055
7.3-38.5 13,3 0.036-8,0 .55
6,8-19.5 13,7 L11-6.2 .91
11,4-16. 8 13.9 .018~11.0 1.2
2 24-29 -- .6-11,1 -
24-30 -~  3,5-9.1 -~
Dakota Sandstone 1 -~ 11 -- .24,

it
§]

Reneau and Harris {(1957)

King and Wengerd (1957)

[\
3
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_Table 11. Comparison of Municipal Wells at
the Village of Zuni

—_ Well 1 2
~+2 . ——
gJJ .
o 1 - 830
tg :-‘-‘
~ 2 330 -
o B
% g 3 3550 4370
o]
BE 4 3300 4080
] .
Perforations 500~530 195-250
- 1500 plugged 320-340
Depth back 7077 492
650{USGS)
Year drilled 1953 . 1953 -
Original Flow 6-10 0
(gpm)
Original | 51 100
(gpmn)
est, 5/72 60 90
Initial Sp. Cond 936 ?
1968 1130 1130-1500
1972 1250 1300

3550
4370

2250

244-259

516-556
556

1957
4%-6

60

30
?
?

1700

3300
4080
2250

well screen at
bottom length?
610

1967

ale
=

707

55

1350-1400

1400

ate
2

did not flow but water level was above land surface.
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FIGURE | — Location of Pueblo of Zuni in New Mexico.
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FIGURE 7— Map showing structural confours on the surfoce of rocks
of Precambrian age in the vicinity of the Pueblo of Zuni.
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of Paleozoic age in the vicinity of the FPueblo Zuni
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b v
J 1—fecords of wells in pueble of Zuni, New Memie /'/
Altitude: a = altimeterfl;- topegraphie maps ¢.) = 200 feet;
Log: D = drillers' log; L = electric log; 5 » sample description or lithelogie logy T = temperature log
' Date
Sampled
. Producing Depth Ficld Observations (meg/l) for Probable
Location Casing Interval to Production Data Tetp. sp. o <hemical  Preducing
Well Name or Cuner T.N, R.d, See. Altitude Depth Dan. From _To  From _TO  Water _Date  icld Gp.Cap. . Dato . _°C__ Gond. pd T°U3 _Date 106G  Analysis _Unit Remagks
R
R.H.P. 2-25 8 17 2 7353a 1172 G&-5/8 0 1000 - - 196 F28=72 3 - - 23 1750 - - 7-38-72 2] - Jz Stock well
—— a 17 3 7321a - - -~ - - - 40 7-28~-72 - - - - - - - - - - - Unused well
—— 8 17 8 7266a - - - - - - 14 Bula72 - - - - - - - - - - - Stock well
E,C.W. 7 8 18 24 7213a 1460 6-5/8 0 1400 1400 1460 606 1235 12 .27 193% - - - - - D - Jz Suack well
3 1360 1480 . 5" liner perforated
E.C.H. 4 8 19 4 688la 5390 6~5/8 o 493 - - 351 1934 12.5 W27 1934 18 860 8.3 5.3 B=1-72 b ful=72 TRC Stock well
‘ 5 490 590
E,C.H. 5 8 19 iz 7323a 1115 6-5/8 0 loz7 1loz7 1115 360 1935 ] - - 15 1100 8.5 5.1 8-1-72 D 8-1-72 TRC * Steock well
5 100 111s 950 2-12-70 5" liner perforated
L.C.W, 28 & 19 22 6§741a 500 6=5/8 o 4let - - 2210 7-28-72 =~ - - 22 8¢ 8.7 -  8-1-31 D g-1-72 RC 20" of perforated casing
Pomosana Well . 20 8310 8.6 5.1 §=2-31 Stock well
R.N.P. 2-3% 8 20 4 63602 515 5 o 515 - - 30 1961 8 - 1961 18 12506 = . 8m9=T2 D 8-9~72 RC Stoch well - pumping test
45,8 7-27-72 8 L027 8-9-72 8~9-72
Iy #3 8 20 3L - 112 - - - - - - - 10 - 1939 - - - - - - - Qs Windmill removed April
1964
R.M.P, 2726 a 20 34 649%a 600 6-5/8 - - - ~  GT30¢ 1972 - - - - - - - - - - kd Stogk well
Romansito well 3 a1 1 - - - - - - - 17.8 g-2-72 - - - - - - - - - - -
R.W.P. Z-31 8 21 12 6151a 7% 6=5/8 - - - - 45,% 7I=27-72 - - - 15 2900 7.0 4.8 7-27=72 - F=27-72 T0s? Stock well
E.C.H. 20 8 21 26 £076a 15 - - - - - 1.1 7-27-72 =~ - - 22 1730 7.4 5.9 7=27=72 - 7-27-72 Qal Stock well
0ld Artesian Well 8 21 34 60663 - - - - - - 0.4 7-27-72 - - - - - - - - - - TRC Mot used
Miller's Well (A. 9 16 34 7150k - - - - - - 153+ P-28-02 - - - 20 290 7.6 4.5 7-28-72 - 7=-28-72 Kg? Stock well
J.Crocket's place) v
E.C.W. 19 9 17 5 6955 29k m - - - - - 6,8 7-3L-72 - - - 20 2790 7.3 5.3 7-31-72 - Fa3l-72 ¥ Stock well
E.C.W. 8 3 17 19 718ba 650 6=5/8 4 112 440 1935 5 - 1235 - - - - - o Jz Stock well -~ filled in to
250¢ (7-31-72)
C.0.A. 21 Jack's 9 ¥ 24 732w 2R@m - - - - - 1 7-m-vz - - - - - - - - - - ¥ stack welt
Lake Canyon :
Ditto = 0ld Well? g 17 24 7312a - - - - - - 9 7372 - - - - - - - - - - - Not used
R.W.P. Z-25 1 17 33 72662 115 - - - -, - £46.7 7-28-72 - - - 19 4000 6.6 4.4 7-28=72 - 7-28-72 ga stock well
Exploration Qil ] 18 s 6460a 2591 7-5/8 0 1574 - - 235 1963 10 .012 4m27~54 30.5 980 - -  4=27-84 E,S,T 4-17-64 Jz-Pg? Qi) test completed as
well %2 . stock well, Cement plug
2591-1521'. Cutting
: samples 1230-2390°.
Cities Servi;:c #1 250 §~-1-72 4~20-84 Temperature log 9-1532'
Zuni A . L : 4-27-64 Perforations @ 560'?
R.W.P. 232 9 19 19 6914a 400 5 0 366 3667 4007 131.4 7-28-72 10 - 1961 - - - - - 5] - mc Stock well
- A-1 9 20 8 6293a - - - - - - 17 7-26=12 5 - T=26=72 14 3e00 7.2 4.9 T-206-72 - 1-26-72 Qal Hand pump; strong odex
-= A~2 75' from A~1 9 20 8 - - - - - - 15.2 7=26-72 =~ - - - - - - - - - - ¥ew well: not used
ww he3 50! irom A-2 9 20 8 - - - - - - ? - - - - - - - - - - - - Original well; not used
Bowman Peywa 9 20 8 352" - 0 169 169 352 34 - 1971 5 - - - - - - - D - e
Tekape Well 2 20 k4 6215 - - - - - - 16.3 7-26~72 = - - - - - - - - - -
Chavez Well 9 20 18 61653 - - - - - - 12 7=27-712 - - - - - - - - - 7=27=72 - Stock well
E.C.H. 3 (0ld) ] 20 22 - 640 6-5/B 4 457 461 640 flows 1935 5 .08 1935 -, - - - - bl - RC 67' of perforated casing,
5 87 528 flows 1972 : 112' of open hole
. well in gstock tank
. . , 20 22 280a - - - - - - 3.2 7-27-72 - - - - - - - - - - . me Stock well drilled 1948
E.GeH.r 3 (new) ° b approximately 200' from
old woll. Construction
. . thought o Be similar te
) . old well.
E.C.W. 2 9 21 1 62872 sg2 5 ° 0 351 351 s82 13L.2 T-26-72 ' 9 .013 1934 17 510 8,1 ,958-2-72. D 8-1-72 e stock weil
- e 21 25 6iT6a - - - - e - 21 727712 10 - 1972 13 920" 7.2 5.3 7-2T~72 =  T=27=72 Qal? Stock well
E.C.W. 13 10 16 32 6993a 767 m - - - - - - - = - A - 16 2250 - - 7-3L-72 - T=31-72 Xg? Stock well
014 Sawmill Wall 1o 17 . B 67352 - " - - - - 46,1 8-2-7L% - - - R - - - - - - H¥m?
E.C.W, 22 (Coal . 7 Q 220 240 .
Minej 10 17 10 68lla 282 5 199 282 240 282 17 1942 4 - 1942 - - - - - D - Xg Stock well

&b



Well Xame or Cwner

Fidel Chahate

oy

E.C.W, &

E.C.W. 17 {old}

E.C.H. 17 {(new}

D. Lister
1=%

Robert
Jr. No.

termen Church

Black Rock Well #1
{VA =l

Black Rock Well #2

Black Rock Well #3

village of Zuni
Well #}

village of Zuni
well %2

village of Zuni
Well 43 {2uni
Day $zhool}

Village of zZuni
well ad

St. Anthony's Well

Pat Xelsey's Well
Leo Nastacic Well

R.W.P. 2-27
Irzjgation 1

gosson's Well

E.C.W. 9
R.¥,F. Z=30

R.W.P. Z=24
R.W.P, Z-28

Campgzqund wWell

Seleomon Well
E.C.W, 14

10

1o
10

10

10

10
10

10

10

19

10

19

10

o
i0

1o
190

10

o

10

10
11

11

11
11
11

Lovatuon
BGg.

17

17
ig

13

19

19
19

19

19

19

19

39
19

19

19
12

20
20

20
20
21

21
is

17

17
17
17

i3

35
22

22

22
24

24

24

28

28

28

28

28

28
30

18

22

33

23

i 4
24

Date

1970

1935

8-g-72

1966

1957

1968

1953

1968
1969

1953
7-6-66
g=20/
21-49

1957

1967

1972

1972
1972

1964

§-17-72
1936

1956
1958

. B-36~72

1963

Produsing Depth
Casing Interval to Production Data
Altitude Depth Dia. Frem <To From To  Water Pate Yield Sp.Cap,
93 ub/6 - - - - <28 197¢ 25 -
6-5/8 0 60
6912z 712 5 592 712 6l¢ 712 279. T-31-72 14 -
- a7 30 o 37 3 37 335 B-g-72
65952 112 5 - - - - 84,2 7-31-72 8.8 0,73
60.8 8-8-T2
6554¢ 1836  4-1/2 ¢ 1288 980 986 8,5 T-26-72 - -
1033 103
1084 1090
1502 12508
1550 1570
1591 1597
6308¢ 27 & ¢ 27 - - 16.0 8-3-27 - -
6350¢ 1% 13 0 114 325 1.22
Gdb4c 932 13 0 187 624 932 - - 25 A7
5 o 804
6350¢ 1060 8 810 810 1060 168.3 3-27-68 50 .23
[ 800 1080
6287c 1500 10 ¢ 330 500 530 flowed 1953 51 .33
8-5/8 0 707 60 .29
20 1.25
6292¢ 492 - - - 180 200 6 1953 100 -
320 340 %6 1.2
490 300 125 .71
6286c 556 6 6 556 244 * 259 flowed 1957 &0 .36
516 566
6274¢ 610 10 0 ei0 - - flowed 1967 70+ -
628l¢ 120 - - - - - - - - -
6274¢ 2% 6 - - - - - - - -
62752 152 6-5/8 0 152 - - 40 1992 30 -
30,0 7-26-72
5568a 600 6-5/8 - - - -~ 154,9 7-25-72 3 -
6502a 200" 8 0 43 - - 178 1933 44 -
6-5/8 o 170 196,5 7-26-T72
63452 102 &-5/8 ¢ 10z 82 152 6Ll 7-25-72 6 -.
. 5.5 .31
633la 595  &-5/8 o 509 122,59 7-26-72 18 14
6662a 551 §-5/8 0 5007 517 546 B85 1960 - -
R <300 1972
65962 600  6-5/8 0 463 431 462 324.0* 7-26-72 11 -
7046a 106, 6-5/8 o 106 - - ag 1958 s -
, 60.51 8-1-72 1,5 042
. 58,8 8-16-72,
6881a - 45L G6-5/8 9 451 386 451 220 1963 10 -
. 231.5 7=31-72
6700 - - - - - - ' 25.6 7=31-72 - -
6977a - - - - - - 49.8 8-1-T2 -~ -
6947a 438 6-5/8 [ 193 258 <222 B-1-72 1 -

205

. }—Records of wells in pueblo of Zunt, ew Maxrioo—conrinued

Appeb

Dara
Samrpled
Field Observations {meq/i} for Prohable
Temp. Sp. co Chemical Froducang \
_°c  cond. pH HEOy  pute LOG  Analysis tnit Herarks
12-15-70
- - - - - D 1=4-71 Db topestic woll
18 i?5Q¢ 8.3 4.2 7-31=72 D 7-31-72 xd Stock will
Unused dug well
6-24-66 Steck well = purping test
13 850 - ~  B=B-72 4 g~8-72 Iz 8=8-72
24 1250 7.8 8.4 1-26-72 T 7-26=72 RC, Pza, 1l test, converted o
Py, Py water well with hand
PURP
- - - - - - - Qal Tomectic wekl
- - - - - - 7-22-66 Qal Unuzed; purps fand
15-22-69
20 2500 - - §=1-72 4] 8~3-T2 TC, Pg Perforated casing and open
hele irrigation well
26,6 3-27-67 Db,L  3-28-%8 Psa, Pg Municipal well; pumping
- 10~22-69 test 3-27/28-68
24°C 1450 - - 8-3-72 9-10-70
Bu3wTZ
20 - - - 1953 i 9-29-64 RE Municipal well: pumping
3~ =68 tests S-15-66 § B-2G/28-69
9=29=64
200C  12%0 8-3~72 8=-3-72
16.1 1420 - - 1953 L 3- =GB RC Mynicipal well; pumping
tests 7-6-46 & §=20/21-69
16 1300 - - §-3-72 4n0=08
. 4=-21=70
Bu3=72
18 1700 - -  8=-3-72 D 5-324-57 RC Municipal weil
. 9-26-63
. 8372
- 14900 - - 1967 =3 8-3-72 ]RC Municipal well
18 1406 | = - 8-3-72
20 5000 - - 8=3-72 - 8-3~72 Qal? Irrigation well; used for
st:r?ning pool
20 1500 - - B-3-72 - 8-3-72 RC Laundry well; strong HoS
- - - - - D - . Qal Domestic well
i4 slo 7.0 2.9 7=35-72 - T=25=72 e Stock well
- 510 7.2 1,3 Ted7-72 o 6=10-66 Qs Stock weil
F-27-72
16 880 7.4 5.3 7-23~72 o T=25-72 ™os Stock well; pumping test
8-17-72
g-17-72
- - - - - - RC Stock well
- - - - - - TRC Stock well
- - - - - - o8 Stock well
g 1750 . -~ - 8-16-72 D 8~16-72 ¥d Stock well; purping test
8-16-72
.
22 800 8.5 .8 7=31~72 o 7-31-72 Xg Domestic well
- - - - - = - Xg Eand pumg
- - - - - - - Xg Stock well
- - - - - D - Kg Stock well; appears to

have caved to 222'
(B~1+70)

<
i}



Well ¥ame or Owner

Z.C.W. 10

E.C.W. 1

R.W.P. 2-24

Oil test Carter
ol Co. Santa Fe 32

Gonzales' Well

0il test William G.
Coffee 21 Coffee
Fedexal

R.W. . 2~36

Irrigatien 2
Sam Pablano Well

R.W,P, 2-32

R,W.P, 2-29
R,%W.P, Z-16

13

P

11

11

11

11
i1

il

iz
2

32
iz
12

Locatien
T.N.

Casing

.W. Sec. Altitude Depth Dia. Frem To

5 172 440
17 2% 7250b 760 6=5/8 0 ?

5 620 750
18 13 6700k - - - -
i3 - o726a 245 6~-5/8 o 233
18 27 6bdla 220 6-5/8 o 15¢
le 7 680Ch 1930 - - -
19 29 6599z 20 enh/8 - -
19 35 6600k 2235 4% a 1732
20 27 66294 248 6-5/8 0 248
20 31 6590a 668 8 0 847
16 5 1000 423 ©&-5/8 0 423
16 7 6872a 100 &=5/8 - -
16 30 69000 229 &=5/8 0 229
17 15 69052 594  6-5/8 0 298
17 23 6780 - - - -

Appendix lw—-Reeords of wells in Pueblo of Zuni, New Mexieo—continued

Production Data

Producing Depth
Interval to
From To  Water Date Yield
3o 323
366 410
- - 130 1935 &
93.1 7-31-72 3.6
7.8 B8-15-72
- - 27,1 7-3~72 -
233 245 45 1934 32
47.9 7=31-72 8.4
150 220 76.1 8-10-72 135
2.9
- - 39.9 7-26-72 -
1174 1278 - - -
1554 1636
138 165 150 los4 12
150.03 7-26-72
600 668 <300 T-26-72 15
- - 10 1972 -
- - 69.2 B8-1-72 -
40 19350
- - 71.75 8-1-72 ]
- -  106.¢ 8-i-72

13.03 8-2-72

Sp.Cap,

073
.7

.84

.11

_Date _

1935
8-14-72

lo35
8-11-712

1961
8-10-72

1964

1939

1958
1336

Field Obsprvations (meg/1)

Tenp,

e

20
11

17
2.5

12

sp.

Cond, pH

2400
1850

2000

1150
1250

2800

7.1

HCO3

6.3

DPate
sampled
for Pxobable
Chemical Producing

Date I0G  Analysig Unit Romarks
T=32=72 I+ F-31-72 Kd Stock well
8-14~72 8ml4n72
- - - Q2aL Open well with bucket
8-11-72 D a-14-66 Jz Stock well
8=-11~72
7-31-72 ) 7-31-72 ¥4 Stogk well
8~10~72 8-10-72
- o - - Pilugged & abandoned
- - - TS Stock well
- T - Pg, Py
7-26-72 s} - ™S Stock well
7-26-12 2] - ;RC Stock well
- [+ - Py Stock well
8=1=-72 - - Kg? Steock well
- D - Xg Stock well
- D - Kd Etock well
8-1-72 - 8-1-72 Qal Hand pump

ClL,



< Appendix 2—Springs, pueblo of Zuni, New Mexico

Date
Sampled
Fleld Measurements for
Spring Name ox Owner sec. T.N. R.W, Alt. Yield Temp.°C Sp. Cond, PH HCO3 Date Chem.
- 3. 7 21 - 19 2500 7.2 4.6  7-27-72
1 8 20 6405
1 8 20
8 8 20 24 650 7.2 5.3 7-27-72
16 8 20
Ojo Caliente 21 .8 20 500-1500 21 1350 . 6.8 4.3 7-27-72 11-13-63
. i5 8 21 9-8~-67
24 8 21 7-27-72
34 g 21
Pain’ Spring ‘ 8 9 18 6451
Frank Vacit Spring 14 9 18 6474 :
' . 32 9 18 1 6.7 3400 - - 2-10-70
1 9 1
Spring SE Pescado i8 10 T le 6732
Pescade Spring w/handpump 12 10 17 6752
Pescado Spring 12 10 17 6767 11-13-63
. : 9-26-63
Black Rock Spring 13 10 19 6413 140 20 : 520 8-3-72 §-3-72
29 11 12 '
23 11 20
‘ 6 12 ‘16 6995 ,
Nutria Spring S g 12 16 6860 A . .9-12-68
Spring @ Nutria wvillage 24 12 17 6735

2%




"ppe-naix 3—=vhrmizal aralyoco of daler carplce from v,:.gf,'

Ponocana Well

Fwble of fund

Mallep's Ngll
(A, J. Crochkot's

Well dame ar ouner E.CN, No, 4 E,C.W, No. 5 E.C.M. No. 18 R.W.P. 2-35 R.M.P, 7-31 E.C.W. No. 20 place) D.CW. el 19 O
To N, Re Wo, S0z, 8N, 19 W 4 8 M. 10 W, 12 8 N. 19 U, 22 8 N. 20 E. 4 8 N. 21 %, 12 B W. 21 W. 26 9 K. 16 Wl 34 N, ITH. 5 Do 7w, 23
Brdiciogis Ynis RS WS TRC RC TQs? 0al Ky? ¥n Jz
pate fampled 8-1-72 8-1-72 §-1-72 B=0u72 72772 7-27-72 7-28-72 7-31-72 7-28-72
tare Regedved by Lab 8~2-72 Jm2=72 §-2-~72 8-10-72 7-28-72 7-27-72 u-2-72 2-2-72 8-2-72
mace Analysis Complete 91572 9-15-72 9-15~72 9-15-72 9-15-72 §-24=72 9-15-72 4e15=72 J-18-72
BIA BIA BIA Bih BIA - ) BIA BIA BlA
F3I-E-RLO-6T T3-2~-BLO-68 73=-Z~BLO-T72 73-2-BLO=-109 73-2-37 73=2-53 T3-2~BLU-T77 T2=4-BLO-T73 73=Z=BLOn74
meq/d mg/d meq/l rG/1 mag/] mg/L meq/l mg,1 _meg/l  _ mgfl . meq/fl g/ med/l w3/l reg/d wg/d req/l ng/1
sitica (8i03) )
Boron (B) 82 1.1% W12 Trace i 42 0.12 W42 .05 Trace
Iron (Fe) .004 .08 .02 0.43 2004 .08 00 .02 001 JO2 0,001 0,08 .01 .18 L00L .02 L.0M -03
Calcium (Ca} +10 2.06 .10 2,00 W19 2.00 6.48¢ 328.26 13,90 278.5%6 11.190 22244 W10 ?.400 1g.00 360.72 27.89 £57.11
Magnesium {My) 210 1.22 W10 1.22 Trace Trace 3.10 37.70 3.80 46,21 3.30 40.13 .10 1,22 5.80 70.%3 17.80 155.65
Sodiwm (Na} 7.64 175.64 9.30 213.81 7.13 163,92 2.46 56,56 10.65 244 .84 4.45 27,71 8,52 19%.87 10.86 249.67 T.43 170.u2
Potnssium (X) .04 1.5 L06 . 2.35 .07 2.74 W10 1.9 Trace Trace $.130 5.08 .03 1.17 ,13 5.08 .16 .20
Sum cations 7.88 9,58 7,30 12.06 28.3% 18,78 8,76 34.79 4%.19
Phosphorus {P) Trace Trace W05 Trace Trace Trace .02 Trace .02
Bicarbonate (HCO3) 4.9% 302.05 4.80 296.56 4.05 247.33 5.38 328.29 5.08 309,98 4.43 270.32 4.46 272.15 4.90 29%.00 4,26 253,98
Cartonaye (CO03) 1.01 30.31 1.09 32.71 1.05 31,51 Trace race .88 26,41 1.05 31.51 1.09 32.1 59 17.71 -3 17.71
Suliate {S04} I1.46 7G.12 31.50 les.1l 2.1¢0 100.8% 6.17 296.35 17.98 863.58 11.52 553.19 3.15 151,29 27.98  1343.88 47,61 2046.5¢
Chloride (1} .45 15.96 +35 12.41 40 14.18 1.00 35.46 3.30 117,02 1.90 67.37 .25 2.87 .50 17.73 2.10 74.47
Tlucride (F) .06 1.16 .23 4.40 12 2.24 .03 .58 02 0.29 ¢.0oL 0.23 .05 «92 .03 52 .97 -42
Kitrate {HO3) .07 4.34 .01 . .62 LOL .62 .01 .52 .03 i.86 2.005 0,31 .01 .62 .02 1.24 O .62
Sum anions 8.00 30.04 T.73 12,59 27.29 18,93 9.01 34.02 48.59
Discalved solids 455 621 431 694 1821 1143 531 2290 3439
Speciilc conductance 749 a9 730 1050 2450 1600 B5C 2720 3444
pd 3.8 8.8 2.0 7.5 7.5 7.2 9.0 8,2 2.0
Hardness mp/i(Ca, Mg) 19 10 & 475 885 720 10 1190 2030
Hardness, noacirionate - - - 206 63k 498 - 245 1817
Percent sodium (Na) 13 o8 =13 21 38 23 s8 3l 15
Sediwn absorption ratio 24.16 28.41 3¢.59 1.13 3.58 1.58 26.94 2.6} 1.65
Cities Service
Wall Name or Quwner Exploration 041 Well Mo, 1 Wo. I Zuni A A=l Chaves ¥Well E.C,W, No. 2 - E.C.4. No. 13 -Fidel Chahate
T. ., R. W., Sec. g N 18 W. 5 9N, 20W, 8 9w, 20 H. 18 9N, 21 W, 11 9N, 22 W. 25 i0 N, 26 W, 32 10 W, 17 W. 13
Hydzologic Unit Pg to Jz ¢al s RC 0al ®g(?)’ b i
Dats Sompled 4-17-64 4n20~64 4-27-54 T-26-72 7=27=17 8-1-72 T=27=72 7=33=72 312~-15-70 1-4-7% .
Daty Received by Lab 4-20-64 4-20-64 5404 7-27-72 7-28-72 g-2-72 8-3-72 12-15-70 1-6-7%
Date Analycie Complete - - - 8-24-72 8-24-72 g-15-72 9-15-72 12-16-70 1-31-71
Laboratory ’ BIA BIA BIA BiA BIA BIA BIA BIA BIA
Lab Ho. Jo-7 ac-9 JC-18 13-2-49 73~2=55 73-2-BLO-66 73~2-BLO~T1 %-369 =396
weall /L wmeg/L 13/1 mee/1 mg./1 mea/1 e/ medsSl ng1 meg/d rg/1 0ag/l ma/l meg,/1 miy/l meg/l mg/1 meq/l ng/l
S1lica {5iQ2)
Rexen {B) - - - - - .5 - 6,72 .20 Trace . 66 - - - 0.12
Iren (Fe? - - - - 0.00 Trace Trace Trace "rrace Trace Trace Trace Trace 0.02 0.35 0.01 ¢.3r
Caleiun {Ca} - - - - 6.20 10.7¢ 214,43 3.0 62,12 -390 18.04 .72 14.03 2.90 58.12 3.08 61.12
Mugnesivm (Mg -o- - - - 2.10 2.7¢ 32.83 .60 7.30 .30 3.6b W20 2.43 1.55 18.85 L.4% 17.63
sodiwn (Ha) 9.03 - 8,88 - 4.06 15.18 348.99 5.08 116.72 2.29 52.65 16.35 375.09 2.12 48.75 2.12 45.74
potassium {K) - E - - .26 0.08 1.96 Trace Trace 06 2-3% A2 4,69 0.09 3.52 0.02 0.78
Sum Catiens - - - - 12,62 78.63 8.78 3.55 17.37 B.68 £.65
Phosphorus (P} - - - - Trace - Trace - .017 W02 Trace - 7 ' 0.04 - 0.0{
ujcaybonate (BCO3} - - = - 3.58 4.13 252,01 5.17 315.47 2.23 136.07 5.51 336.22 4.6% 28374 5.25 320.3¢
Carponate {C03) - - - - .3 0.55 . 16.51 .34 10,20 .34 10.2¢ -9z 27.61 9.51 15.31  Trace Trace
Sultats {S04) - - - - 8.23 3.49 10,31 495,19 2,62 125.84 .51 24.50 6.94  333.33 1.46 70.12 1.3 65.32
chloride (cl) - - - - .50 14.50  514.17 .65 23.08 .50 17.73 4.3 173.27 . 0.33 11.67 0.35 12.41
Fluoride (F) - - - - 0.65 .92 .03 64 .61 25 .20 3.80 0.02 0.44 0,02 0.45
Hitrare (NO3) - - - 008 0.034 2.11 L002 ¢.12- ,16 9,92 R .62 0.93 1.86 0.02 1.24
Sum anions . - - T7.82 29.57 ¥ D) 13.51 7.00 7.00
Dissolved solids - . - 730 185¢ 457 21% 1085 370 405
Specific conduckance - 1600 1870 1140 2880 830 350 1780 600 840
i X - - 1.9 . 7.8 7.9 5.4 6.8 8.4 8.0
Herdness mg/1(Ca, Mg) . - - - 670 185 60 45 223 225
Haxdness, noncarkonate - - - 463 - - - - -
Sercent sociun (ta) 9.03 13,70 4.06 53 58 22 85 32 32
sodium absorpeiun ratie 6.31 8.1% 1.99 5.86 3.73 2.89 24,38 1.42 1.41

Lb



e blo of Lunl=-Continued
- Robert D. Lister Plack Rock Well
i) Nawe o Cwner E.C.H, No. G .0H, No. 17 éRew) Jr. Fo. 1-X Blagh Rock Well dHo. 1 (VA Ko, 1) Ho.
AP I N 19 N, 17 %W, 35 10 0, IR W, 22 W, 12w, 2 RO N, 1O W. 24 10 3. 19 W, 24
Aydrelogic Unit Kd i by, Pg, Iga, TC Cul Dy, e
Late samnled 7-31-72 6-10-60 8~3-72 7-26-12 1-22-66 10-22-69 Ha3=72
Date Received by Labk He=2w72 =146 8-10-72 T2 772 7-28-a6 10-23-63 Bi=42
Date Analysis Couplote Y15-72 G=2d=00 9=15=72 8-24-72 1i~1-9 9=15-72
Laboratory BIiM B1A BIA BIA BIN GIA BIA
Lab o, 73-2-BLO-69 4=1J-359 73-2-BLO=108 73-2-51 - J0-Z-186 73-2-BLO-91
mec/ me/ I meg/1 i/l meq/l mG/ 1 meg/L my/1 mea/1 ma/l med/l mg/1 reg/sl nu/L
silica (8103} - -
Boron (B A2 - .02 Trace .82 02 0.10 1.96
1ron {Fa} Trace Trace 008 .15 .001 .01 Trace Trace ~004a .07 0,01 011 Trace Trace
Cateium (Ca) .30 6.0 1.80 356.1 2.20 44.09 L8O 16.93 3.55 71.14 2,25 44.09 .70 14.03
Magnosive (My) .10 1,22 .20 10.9 80 9.73 W10 1.22 L.0% iz2.77 0.85 10.34 20 2.43
Sodiem (32) 10.30 248,29 5.74 132. 4.77 109.66 14.08 323,70 3.04 62.89 4.26 97.94 23.50 540,27
Potassium (K) .12 4.692 968 2.66 Trace Trace Trace Trace .05 1.96 0.66 2.35 .03 1.17
Sy eations 11.32 8.52 7.77 14.98 7.69 7.53 24.43
Fhosphores (P} Trace - Trace Trace Trace - :006 o.cl Trace
Bicarbonate (HC03) 3.78 229.44 3.4 208. 3.25 198,32 8,59 524.16 5.03 306,93 4.18 255.06G 6,30 384.42
Carbonate (C03) 43 26,41 .60 18.0 B2 18.61 1.30 39.01 .17 5.10 0.34 10.20 .88 31.20
Sulfave {803} 6,22 298,74 2.86 185, 3.95% 189.72 4.74 227.66 2.314 102.78 2.39 119.59 19,58 507
Chlozide (Cl) .60 21.28 .38 13.5 J20 7.09 .45 15.96 .70 24.82 0.64 22.69 7.80 276.5%
Pluox:de (F} L1 2,10 JO? .43 .02 .44 .06 1.17 »02 A0 0.02 Q.38 .32 6.00
Mitrace (NOa) L .2 004 .25 .0% .62 L9569 4,28 .02 1.24 0.01 0.62 .01 .62
Sum anions 11.58 7.27 £.05 15,23 a.08 7.68 25,87
bissolved solids 749 519 472 879 as4 448 1561
Spracific rondyciance 1190 710 770 j4z0 780 760 2515
pH 8,8 8.3 8.0 B.4 7.9 8.4 8.4
Hardness (Ca, Ng) 20 135 150 45 160 45
Hardress, nonearbonate - - - - - - -
Poreent sodium {Na) 96 67 (a3 94 57 96
Sodium absoxption ratio 24,13 4,25 3.59 20.99 3.38 35.04
Village of Zuni
well Name or Cwier Black Rock Well No. 3 Village of Zuni Well Re. 1 Well Ho. 2
T. M., R. W., Sec. 10 N, i9 W, 24 10 ¥. 19 ¥W. 28 10 8. 19 w. 28
Hydwologic Unit Pg, Psa Re ®me
pate Sampled 3-28-68 16-22-69 9-10-70 . 8-3-72 9-29-64 3- 68 §=3-72
pate Received by Lab 3-28-68 10=23~69 9=11-70 8-4-72 - 3-8-68 8-4-72
Date Analysis Complete’ 4+18-68 11-12-69 . 9=24~70 9-15-72 12-28-64 3-21-68 9-15=T2 8-21-70
Laberatery BIA BIA BIA USGS BIA BIA UsGs
Lah Ho. T-2-185 71-2-196 73-Z-BLO~-92 55547 PH 343 73+ 4=BLO-84
megfl _wg/l  meaf3 | mgfl meg/l mo/l | measl | _mefl | mea/l  _ mg/t  meg/) #g/1 negy/1 mgfd meg/l _ masl
Silica (5i0;) 12 Tl2
Boron {B} - .1 0.15 0.30 .25 1,00 .82 .47
Iron (Fe) 009 -1l4e 0.002 0.04 .02 0,30 .001 .02 2.5 .07 .316 Trace Trage 0,00
Calcium (Ca) 7.7% 155.3 28.05 16l.32 8,00 160,32 8.10 162.32 .14 2.8 .49 8.02 .20 4.01 8.0
Magnesaum (Mg) .80 21l.8¢9 2.15 26.14 2.10 25.54 2.20 26,75 .02 .2 Trace Trace .10 1.22 .7
Sodium (Na) 5.40 124.35 4.%6 1i4.03 5.l0 111,25 4,95 1i3.80 11,36 26,17 11,78 460.60 352,
Porasciun {K} 218 8,52 0.23 .99 £.18 7.04 .27 10,50 0.040 1.5 frace Trace 7
San cations FONT 15,39 15230 B ) 11.82 1z.68 .
Phosphorus (P) - Trace, 001 Trace Trace 028 .02 -
Bicarbonate {(HCOa) 3.24 197.7 3.80 221,88 3.57 213,06 3.7 226,38 6.75 412 6.74 411.27 6.46 394.19 582
Carktonate (CO3) - Trace Trace frace Trace Trace Trace Trace .50 15 .35 10.50 1,05 31,51 -
Sulfateg {£04) 21,48 551,38 10,67 5i2.48 1l.02 529,29 11,55 £54.75 3.27 157 3.13 150.33 3.7 180,59 252
Chloride (CL) 94 33,33 0.91 32.27 0,76 26.95 .80 28.37 L.o2 16 1.06 37.59 1.35 47.37 &4
Flupride (F) .07 1.34 ¢,06 1.15 Q,05 1l.00 a7 1.30 .11 241 J47 z.80 .14 2.485 4
ditrate (H03) 004 ) 0,01 0.62 _0.004 0.25 .01 .62 00 1 014 .87 .01 .62 .3
Sum anions 15.73 . 15,35 15.42 Te.14 11.85% 1.4 12,77
Dissolved so0lids ’ 1068 1096 1045 294 710 ‘ 672 42 10690
Specific gonductance 1470 1450 T 1460 1400 1110 1130 1190 1580
pH 7.0 7.6 7.7 7.7 8.7 8.5 67 8.2
Hardnesg (Ca, ¥g)} 477 510 ED5 31 8 20 15
Hardness, noncarbonate 315 320 325 N 329 0 - .-
JPercont sedium {Na) 36 33 34 32 99 96 . 98 95
Sodium absorption ratio 2,19 2,27 2,18 41 25,40 30.42

2.48
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Appendix 3—Chemical wulyses of water samples from velle
pushlo of Zuni—Continued

Village of Zuni

Hell Naze or Cuw i Well X ;
- N"n;? :‘i ;-gzr vi.llagioof: Z]t:glwhe;;. No. 2 . Viklage of Zuni Well No. 3 well o, 4 St. Anthony's Well Pak Xelsey's wWell
Hydrologic Unit ) i e . 10 nN. i:cw. 28 . 10 N. J'J:'?c“. 28 10 N'Qﬁ-;w' 28 10 N, 1':_.4 28
. ? Re
ate Broeived by Lab eea *H4-0-68 8-3-72 5-24-57 9-26-63 8-3-72 8-3-72 - T oe3em - g-3-12
Date Analveis c; i o-6e 4-13-68 8-4-72 9-26-63  ° §-4-72 8-4-72 7-25-72 8n4=72 8-4~72
Lm;oramé 5 Conplete 3-3;;‘59 5-2-68 9-15-72 10~2~63 9-15-72 9-15-72 8-21~72 9-15-72 9~15=72
Lab No. PH~344 : p,ilfg Bia NMPHL BIA BIA BIA BiA BIA
i 73-2-BLO-85 - 1146 . 13-2-BLO-86 73~3-FLC-87 73-BF-36 73-2-BLO-88 73-2-BLO-89

meg/1 ma/L meq/L el meqg/ mg/1 me/1 ng/L meg/1 g/ meg/1 mg/l meg/l =g/t meq/1 g/l meq/l na/l meq/1 e/l

Silica (si0z} ‘
Boron (B) - .80 .63 L3 .72 .58 1.0% , .08 .3

iron (F

CﬂlCi‘(lme )(ca) . g;o 10 -;go .224 o Tree Trace 1.3 .7 Trace Trace  Trace Trace  ‘Trace Trace  ‘Trace Trace 003 .06
Magnesium (Me) jpee : - -0 -40 8.02 2 4.6 .30 .00  1.20 26,05  2.00 40080 2.30 46,09 .30 6.0L
Sod-iur.l (Na}“ 10-00 229-3-’5 15-23 .61 .10 L.22 1 .2 .10 1.22 i 1.22 .20 2.43 .20 2.43 .10 1.22
Potassium (K : : - 348.9%  15.50  356.35 218 328 14,38 330,60  12.70 291,97  39.70 912,70  45.35 1042.60 15,88  365.08
. un ) Trace Trace Trace Trace Trace Trace 4.3 .23 8.99 .05 1.9 W12 4.69 .08 3.13 Trace ‘Tyace
um cations 10,56 . lb.48 ) 16.00 15.01 14.05 42.02 47,93 16,28
Phospherus {2} .01¢ Trace 002

- - - Trace Trace Trace Trace .18
g;;;z;“:r;:ttc‘céﬂfoz) 6.2; 40;.?{5) 9;; 59?6,.37 9.20 5€1.38 336 272 5.80 353.90 g9.18 560.16 3.04 18%.50 2.324 142.79 10.85 662.07
setfate (504)3 300 144.0 N -70 .63 18,91 30 26 1.0% 31.51 .80 24.01 67 20.1% W71 21,31 1.08 31.51
chIo:ide oh 1.01 3;.33 :.10 196.92 5.23 251.2¢ 57 215 3.93 138.76 2.26 108.55 14.27 685.29 15.38 748.31 3.27 157.06
Fluoride (7] a7 aeo -6 82,41 1.85 65.00 63 123 4.63  1%4.18 2.48 87.94  25.56  904.23  30.56 1083.66 2,05  72.69
'qir_'-.;te o Pt . .039 S5 .03 .54 2,2 .11 2,05 .10 1.89 10 1.92 .09 1.75 .03 W50
:_;un--a_nj_g-,s 3 p-géfi 87 .018 1.32 .01 62 4] .02 1.24 .01 .62 .004 .25 .01 .62 01 .52

J B i, 15.87 16.95 15,54 14,83 43.58 49.29 17.26
Dissolved soiids 682 840 1003 484 -
ot z 2318 216 760 2508 28992 967
Specific conductance 1o 1500 1120 1345 1520 1330 4370 ' 5080 1870
PH 8.6 8.4 8.3 8.8 8.8 8.7 8.2 7 8.3 8.4
Hardness (Ca, Mg} 27 15 25
Hardness, noncarkonate - - - 20- 65— e ng »
Percent sodium (¥a} 5 L] 27 ’ . :
c . ) i o7 91 95

Sedium absorption ratio 19,13 32.19 3l.00 32,15 15.75 37.85 jg 56 g: 51

*Before development
**A{ter devolopment

Well Name or Cwner Lec Nastacic R.W.P. 5-27 Irrigation No. 1 poscom's Place Well R.W.P. 3-28 +  Campground Well E.C.H. Ko. 10
T. N.; R. W., Sec, 10 W, 32 W. 30 10 N. 20w, 8 10 W, 20w, 18 10 N, 20 w. 22 11 N, 16 W. 28 A1 H.17 W5 1@ W, 27 W. 2%
Hydrzalogic Unit Qs RC 9al ns Kd Kg %
Date Sampled ' 8-2-72 F-25-72 = 6=10-65 7-26-72 T=25=72 8-17-72 8-16-72 7-31-72 T-3i-72 8-14-72
Date Received by Lab 8-4-72 7-26-72 6-14-68 7=27=72 T-26-72 8-22-72 8-22-72 8-2-72 8=2=72 g=15-72
Date Analysis Complete 9~15-72 8-24-72 6m24-6% 8-24-72 8=24-72 G-25-72 9-25-72 g-15-72 9-15-72 9-25-72
Laboratory - BIA BIA BIA BIA BIa gIa BIA . BIA BIA BIA
Lab Re. . 73-2=-BLO~93 73=2=37 Z~13~362 73-2-50 73-2-38 73-2-BLO~159 73~2-BLO-158 13-2~BLO-78 73-2-BLO-70 73~2-BLO=157

- meq/1 rng/l madq/L g/l mog/1 g/l med/ 1 mg/1 o/ mg/l meq/l /L meg/l ng/l meg/) ng/1 meg/1 g/l meqs1 my /3
silica (5i03)
Boren (B} .58 - 0.12 to- Trace 1.86 2.50 .05 Trace .20 Trace Trace
Ircen (Fe) ) .002 03 Trace Trace .0005 .01 Trace Trace Trace Trace Trace Trace Trace Trace Trace Trace L0012 .02 Trage Trace
Calcium {Ca) 1.70 34,07 3.20 £4.13 2.8 b6} 3.10 62.12 3.10 62,12 3.2 64,13 7.00 140.28 .70 14.03 1.70 34.907 1.80 36.07
Magnesium (¥g} - G0 7.30 0.50 5.08 .2 2.4 .40 4.86 0.60 7.30 40 4.86 2.80 34.05 20 2,43 1,00 12.16 1.00 12.16
sedium (Ha) 8,22 188.98 0.74 17.01 2.3 52.¢9 0.95 21.84 4.70 108.05 4.56 104.82 5.94 159.5% 6.29 i44.61 15.98 367.38 15,53 357.49
Potassium (XY Trace Trace 0.03 1.17 +1 3.94 0.905 1.96 Trace Trace Trace Trace .14 .47 .05 1.96 .16 .28 Trace Trace
Sum cations 10.52 4,47 Ta 4,50 &.49 8.16 16.88 7.24 i8.84 18,35
Phosphorus (P) ~ .02 Trace - 03 Trace . Trace . Trace Trace Trace Tragce Trace
Bicarkonate {(HCO3) g.68 541.86 2.35% 143.40 3.65 223. 1.9 11€.55 5.02 306.32 5.03 306.93 5.17 335.47 4.37 266 .66 6.35 387.48 .97 370.39
Caxbenate (COa) .84 25.21 G.46 13.80 47 14.1 0,38 . 11.40 C.84 25,21 .8 23,41 ¢.41 12.30 .80 24.01 .71 21,31 .e7 26.11
Sultiate (504} 07 3.36 C.d4 2r.13 .77 37.0 0.56 26,90 L.27 61.00 1.32 66,76 _ 9.80 470.69 2.1% 105.19 11.39 547.06 11.99 575.88
Chloxide (Ci) 1.25 44,33 1.755 19.5¢ .53 18.8 1.20 42.55 1.50 83.19 1.4¢ 49.64 .60 21.28 .15 5.32 .35 1z2.43 W40 14.18

*  Fiuoride (F} .06 .05 0.0l .21 008 .15 .01 Q.20 0.02 0.33 .02 .30 s +35 .08 .52 .02 .38 0L .28
Higrate (HO3) Ok .62 0.533 33.05 005 .37 ¢,547 33,92 0.026 1.6l 02 1.24 .0k .62 .01 .62 .0 .62 01 .62
Sum anions 11.11 5.3 .44 4.61 - §.68 8.064 16.01 7.60 18.83 19.35
bissoived solids 541 256 330 269 458 473 971 . 428 . lio9 Q92
specific conductance 990 450 580 470 300 740 1360 a0 lai0 167¢
pH 8.3 7.7 7.9 . 8.0 7.8 . 8.7 8.6 8.8 8.1 8.9 L
Hardness {Ca, ig) « 115 185 150 175 185 180 490 45 135 . 140 ~&
Hardness, noncarbonate - 67 - 79 - -~ 23t - - -
Percent sedium (Na) 78 17 54 2L 56 54 41 87 86 8%
Sodium absorption ratio 7.67 2.54- 1.67 .72 . 2.16 3,40 3.4 - - 2.38 13.75 13.14
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Well Name or Owner
T, N.; R. W., Sec,
Bydrolegic Unit

Date sampled

pate Received by Lab
Date Analysis Complete
Laboratory

Lab No.

Silica {siony)
Boren (B}

Iron {Fe)
Calcium (Ca}
Magnesium (Mg}
Sodiuvm (Ha)
Potassium (K)
Sun cations

Phosphorus (P)
Bicarbonate {HCO3)
Carbonate {CO3}
sulfate {504)
Chloride (Cl)
Fluoxide (F}
Hitrate (NC3)

Sum aniens

Dissolved solids
Specific conductance
PH .

Haxdness (Ca, Mg}
Hardness, nencarbonate
Percent Sodiuvm (Na)
Sedium absorption ratio

Appendix 3—Cherdoal analyses of vater samples from wells,
pueblo of Zuni—Continued

E.C,W. Ho, 1
11 ¥, 18 W. 2L

Jz
6-14-66 8-11-72
6=14=-66 2-22-72
6-10-646 , Qu5=72
BIA
73-2~BLO~156
med/1 mg/1 meg/1 mg/l
- Trace Trace
006 .42 Trace Trace
0.7 214 13.60 275.54
3.4 41.3 4,30 52,29
1.6 37.3 2.15 49.43
1 3.9 Trace Trace
15.8 20.05
Trace
3.18 194, 3.70 © 275.77
.43 12.9 .41 12.30
12.6 605 15.15 | 727.67
.48 17 .45 15.98
.02 .33 .01 .15
-008 37 .0l .62
16.72 19.73
1206 1373
1390 1530
8.6 8.2
715 895
556 710
10 11
.61 .72

R,W.P, 2-34
11 N. 18 W, 27
xa
7-31-72 g-10~72
g=2=72 §-22-T72
9-15-72 G-25=72
BIA Bia
73~2-BLO-76 © 73-z-BLO-155
mea/L ma/L mea/Y mq/1
W12 Trage
Trace Trage Trace Trace
2.10 42.08 2.10 42.08
1.10 13.38 L.00 12.1¢
7.50 172,43 7.28 367,37
.12 4.69 Trace Trace
10.82 10.38
.02 Trace
3.74 228.21 3.51 214,18
.50 15.01 .66 19.81
6.80 326.60 65.66 319.88
05 1.717 .15 5.3z
.02 .28 .01 .25
01 .62 .01 62
11.12 11.00
685 668
1Q30 970
8.4 8.9
160 185
70 70
5.93 5.85

R.W.P, 2-32 -
12 N. 16 W. 7 Iz H. 1T W23
Xg {al
8-1-72 8~1-72
8-2-~72 8-2-72
9-15-72 9=15=72
BIA BIA
73-Z-BLO-75 13-Z2-BLO=T72
meg/l ma/l req/l mg/1
.20 .28
.001 .01 Trace Trace
3.70 74,15 6.30 126.25
2.20 26,75 4.20 51.07
6.56 157.71 7.45 171.28
.21 g.21 .05 1.96
12,97 18.90
Trace .03
6.59 402.12 5.72 349.03
.63 18,41 A2 12.60
4.09 1%6.44 7.02 337.17
1.70 .28 3.43 121.63
.03 .56 .03 .52
.01 .52 1.39 86.19
13.0% 18.01
632 1098
1r90 1660
8.2 8.2
295 525
- 239
34 42
3.99 33,32

o



Spring Name
T. 8. R, W, 5ec.
H#vdrologic Unit

Date Sampled

Date Recelved by Lab
Date Analysis Complete
Laboratory

Lab Ho.

Siliza (Si02)
Boreon (B}

Iron (Te}
Calcium {Ca}
Magnesiuvm (Mg}
sodivm (Ha)
Pocassium (K}
Sum cailons

Fhosphorus (P)
pilcarbonate {HCO3)
Carbonate (CO3)
Sulfate (S04)
Caleride (€L}
Fiuoride {F)

Witraze (XO3)

Sum aniens

Disselved solids
Specific condugtance
pH

Hardness {Ca, Mg}
Hardness, noncarkonaté
Fercent sodium

Sodiwn absorption ratio

appendix 4—Chemical analysis of water samples from springs,

Ojo Catienze Spring

pueblo of Zunt

Pescado Spring

Black Fock Spring

Hutria Spring

T E. 2L W, 3 8 N. 20U, 8 8N, 20 W, 21 10 ®. 17 W. 12 oM, 13w, 13 12 i, & w. 8
Qal-] = R al-Kg R Pca
I-23-72 T-27-72 11-13-83 B=17-a7 7-27-12 11-13-62 - 19=22-69 8-3-72 &-12-68
T=28-72 T-28-72 - §u18=67 7=28=172 - 9-26-63 10-23-69 8-4-72 §-13-48
9-15-72 §-24-72 - 9-8-07 §-24-72 - 10-2-63 ? 9-~15-72 10-14-68
BIA BIA BIA BIA BIA BIA HMUPHS BIA BIA BIA
73-2-58 73=2Z2-%4 Z-3 68-E-97 T3uZ=56 Z=10 1150 70-2-184 73-Z-BLO-90 £-127
e/ m4/1 o3/l g/l nea/1 ra/l oo/l my/ 1 mou/ 3 ma/l me/1 mg/L meg/1 mg/l meq/L mg/l meq/l mg/1 meg/1 ng/l
+28 .05 W20 .28 - .15 Trace .05
Trace Trace Trace Trace - 002 040 Troace Txace - .12 .01 W11 Trace Trace 002 0.040
6.60 132.26 3.20 64,13 7,00 7.65 153.31 1.10 142.28 2.10 56 2.60 52.10 2.30 46.0¢2 2.86 56.11
.60 559.38 50 6,08 3.40 3.4b 41.95 3.20 38.91 1.20 .6 .35 4.26 1) 4.86 .70 8.51
12.28 282.32 4,42 101.62 2,690 5.7 132.19 1.96 45.06 1.75 45 1,18 43.22 2.01 46.2% « 75 17.24
W15 5.87 .10 3.91 16 .02% .98 .154 5.87 .08 1.2 .02 48 .02 .78 .123 4.89
23.63 g.22 1316 16,58 12,41 5.13 4.16 4.73 4,38
Trace Trace Trace Trace Trace Trace - G5 .05 .Q06 0.180
3.8 232.49 4.85 295.25 5.7% 2.90 176,36 5.04 307,54 3.41 i%s 4.20 256.28 3.43 209.30 3.78 220,66
.84 25.22 +34 10,20 0.00 Trace Trace .50 15,01 .66 0 Trace Trace L34 10,20 Trace Trace
15.08 722.37 .70 33.62 5.3k 11.18 56.08 6.19 207,31 122 8 .34 16.33 W90 43.23 ¢.51 24.50
3.10 109,23 1,60 56.74 1.33 2.03 71.98 £25 33.69 .78 23’ .36 1z, 77 .25 8.87 .13 4.061
W05 .88 .02 .42 - 024 +45 .03 .58 .25 Ol .25 .02 «37 .02 w42
.01 ] .B24 31,10 .014 .012 .74 oo L2 0BG 5.1 .08 4.96 .07 4.34 .15 9.30
22.85 8.33 13.106 16.14 12,71 5,13 ) 4.99 ° 5.01 4.60
1584 480 768 1120 738 14 243 272 ‘232 260
2200 830 1200 1600 1130 490 439 410 460 420
7.8 7.8 7.4 8.0 7.5 8.2 7.8 7.8 8.0 7.9
560 185 555 515 s 135 175
3169 - 410 2063 - - -
52 54 19 34 16 i5.2 39 43 17
5.19 3.2% 2.44 .86 1.36 1.55 1.73 .57

1.47
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‘ \'l puchlo of Zwti . . | 4 ¢
i
S Tokapo } Eustace

Regervoir Ojo Caliente /
Sireanm Plymasano HWash e - Zuni River . - zZuni River
bate Sampled - B-7-67 8-8-68 - 8-7-67 8-8-58 - 8-:')‘-67 B-8~E8
pate Received by Lab 11-13-63 8-0-67 8-9-638 . 11-13-63 8-9-67 - 8-9-68 1i-13-63 8-9=57 8-9-68
Date Analysis Cowmploto - - - - 9-1-87 8-~28-68 - 8=28-67 8~28-68
taboratozy BIa BIA BIA BIA BYA BIA BIA SIA 2IA
pab Mo, Z-1 [ . 69-E-73 . %4 . . 68=%-£0 69-2-75 , z-5 E8-2-64 £9-2-69
meg/1 o/l meq/L mg/1 meg/1 mg/1 meq/1 mey /L meg/1 ma/1 mec/1 my/1 meq/L mg/1 meq/1 mg/1 rieq/1 na/l
Silica (5i0s)
goron {B) . - - Trace Trace - - - i - - 0.10 - - .- .25 - 0.10
iron (Fei .014 - - .00% W10 - - - - .03 * 0,480 .048 .008 40 0086 110
Zaleium (Ca) 3.90 4,05 81.16 4.25 85,17 1.40 1.30 26.05 1.95 39,08 2.60 .85 17.03 b5 13.03
Hagnesium (Mg) 4.10 2.50 30.40 3.25 1 39.52 40 .30 3.65 .50 .08 .70 1,05 12.77 1.30 15,81
Fodium {¥a) 2.94 2.06 48 .36 2.46 56.56 2.76 2.97 63.28 4.0% 94.03 2.45 4.32 99.32 4.70 1¢8.05
Potassium (K} ) .130 7.14 . 706 8,05 .02 L167 6.53 ,145 5.67 .12 T 083 3.25 .08 2.35%
2um cavions 8.7% 10.18 ’ 4.794 6.72 6.31 ’ 5.72
Thosphorus (P} L0013 010 Trace Trace - - 018 .556 .003 100 - 001 328  Trace Trace
wicarbonate (HO3) 1.99 1.90 115,94 1.76 107,40 3.902 2.78 169,64 3.66 223.33 351 2.14 120.58 1.45 83.48
Cagkonate (CO3} .33 Trace race .23 6.90 .54 race Trace .13 3.90 a8 .42 12.60 1.23 36.9L
Sulfate (504) 7.27 347 3.57 267.53 7.58 364.07 .45 1.87 80.21 2.23 107.11 1.28 3.13 150,33 3.13 150,33
Jhloride (CL) 1.60 1.20 42,55 1.15 4G.78 W63 0.50 17.73 0,67 23.76 .78 .85 30.14 0.72 25.33 .
Fluoride (¥} - - - .02 .55 - - - ~ .02 .35 - 026 .56 0.02 0.45
Nitrate (ND3) .012 - Trace Trace .012 = - Trace Trace .012 . -008 .50 Trace Trace
fam anlons §.67 10,15 4.97 6.7 - 6.58 6.55
Dizselved solids 598 £08 738 275 396 434 352 466 414
seecific conductance 1090 850 980 430 440 : ) 540 " 550 €50 660
pd 8.0 2.0 8.1 . 8.2 8.1 8.1 7.9 8.9 9.6
Hardness {Ca, M) : 338 75 80 123 o5 g
Hardnuss, noncarbonate R 233 275 - - v -
Percont aodium 2.94 23 25 2.76 63 &1 2.45 68 - 70
Sodium absorption ratio 1.47 1.14 1,27 . 2.9 3.32 3.70 1.91 4.43 4.76

Avpendix S-—IFemical analyses of waier semples jrom reserveirs,
pucblo of Zunt—Continued

Rosorvolr Bolton Black Rock Pescado
Stream Zuni River 2und River Rie Pescado
Date Sampled §=7=67 8=8=-68 - - 8-7-67 ’ 7-5-68 - 8~7-67 8-8-68
Date Received by Lab 8-9-67 8-9-58 11-13-83 8~-5-67 7-10-68 11-132-63 £-2-67 §=-9-68
pate Analvsis Conplete -1-67 8- -68 - §-28-67 8-1-68 - i 8-28-67 8-28-68
Laboratory BiA BIA BIA - BIA BIA BIA BIA BIA
Lab No. 6B=2=63 69«2=68 -2 68-2-59 69-2-12 Z-1% 68-2-58 69-2~74
mad/l mG/1 meq/l e/ meq/1 mg/l meq/) ma/ 1 reg/1 mg/1 meg/l zg/1 meg/1 g/l meq/l g/ -
silica (8i0y)
Boron (B) - 25 - .10 - - - - 0.20 - - - - frace Trace
Tron (Te) 018 140 .004 070 .188 - - 026 L1690 116 - - .10 1.9z0
Caloium (Ca) 1.60 32.06 1.05 21,04 2.00 2.30 46,19 1.15 43,05 1.60 - 1.15% 23.05 1.95 39.08
Magnesium {Mg) W10 8.51 .80 9.73 .50 .70 8.51 .95 11.55 A0 1.00 12.16 .BO 8.73
Sadium (Na) 3.0% 70.12 3.67 84.37 .74 .87 20.00 2.39 54,95 43 2.03 46,67 .66 15.17
potassitm (K} .048 1.58 .08 3.13 .23 _.155 6.06 .070 2.74 .16 .235 9,19 .203 7.99
Sum cations 5.41 S5.60 . 4.13 4,59 4,42 3.71
Phosphorus {F) .00 .028 L0003 .010 L001 .028 Trace - - .00% 044 L0003 .G1lo
Ricarbonate (HCC3) 2.73 166.58 2.00 12z.04 2.07 1.77 Y08.01 .64 hl.26 1.3% 2.62 159.87 2.06 225.7
Carbonate (CO3)} Trace Trace .30 9.00 0.00 Trace Trace 0.27 8.10 .21 Trace Trace Trace Trace
sul fate (204) 2.27 109,03 2.83 135.92 .80 1.84 88.38 2.90 136,29 .03 1.20 57.64 1.63 78.29 L
Chloride (Cl) .62 22.34 60 21.28 .48 .38 13.47 44 15.60 .45 .68 24.11 .15 5.32
Flueride (F) 026 .50 L03 .52 - - - 027 .52 - - - - 02 .37
Hitrate (%03) LQL6 .99 Trace Trace .018 . - - . 004 .25 014 = - .01 .62 =
Sun anions . Fles 5,78 3.35 3.99 ERS 2.50 3.87 9?
Divisclved celids 348 352 211 23z 298 166 294 330
Specifre conductance 850 570 330 400 450 260 430 535
pH 8.2 -8.6 7.9 8.2 8.7 8.2 8.5 7.8
Hardness (Ca, Mg) 115 93 150 105 108 138
Hardness, noncarbonate - - 61 39 - 35
Percent sodium 56 65 V74 22 52 .43 46 18
cadiee aigorption ralio 2.Ad 3.82 .66 .71 2.33 .43 1.96 .56

R I R RTINS,




Raservoir
Stream

oaLe Sampled

Date Received by Lab
te Analysis Complete

Lakoratory

rab Xo,

Silica (8i09)
2oron (B)

Iron (Ie)
Calcium (Qa}
Fagnesium {Ng)
Sediuvm (Na}
fotassium (X}
Sum cations

vhosphorus (P}
Bicarbonate {HCO3)
Carbonats (CO3}
Sulfate (504)

Chloride (Cl)

Pluoride ({7)

Nitrate {NO0,)

Sum anions

Digzolved solids
Specific conductance
i

Hardness (Ca, Mg)
Hardness, noncarkonate
Percent scdium

Sodium absorption ratio

Nutria do. 2

Appendix 5—Chemical malyses of vater samples from reservoirs,
pueble of Zuni—Continued

Nutria No. 4

Nutxia Divexsic
Rio Nutria

Rio Mutria Rio Hutria
- 3=-7-67 8-8=68 - B8~T7-67 8-8-68
21-33-63 8-8-67 §-9-68 11-13-63 §-9-67 8~9-68
- 8-28~67 8-28-68 - 5-28-67 8=-28-68
BIa BIA 3In BIA BIA . . BIA
=8 68-2-56 69-2-71 z-12 63-E=G2 69-2~72
mag/l mng/l meg/l mg/l meg/L me/sl mea/1 mg/L mea/1 mg/ L mea/1 mg/1
- - = - Trace Trice - - - G,03 Trace Trace
- - - - L0l .188 054 .016 .300 .008 L1586
2.10 .20 18.04 <95 19.04 1.40 1.20 24.05 .85 17,03
.80 .05 12.77 1.00 12.16 .80 .90 10.94 .8% 10,34
1.206 1.82 41.84 1.76 40.46 L62 .66 15.1% .50 11.50¢
.18 126 4.93 L1106 4,14 .17 126 4.93 .072 2.82
3.90 3.83 2,91 2.28
- - .001 .028 .001 040 - - Q003 .010 .Q02 .080
.75 1.36 82,99 .06 3.66 2.19 '1.76 107.40 .87 53.09
0.00 .61 18.21 1.99 5,72 .21 Trace Trace .49 14.70
.85 1.16 55.71 r.24 59,56 .10 .16 4%.31 73 35.06
73 .78 27.66 .52 ig.14 .43 .43 5,25 .le 6.38
- - - - .03 .52 .026 .50 .02 .37
.02 - - Trace Trace .006 012 .74 -.004 .25
3.91 3.84 2.29
259 258 246 192 174 130
420 380 380 300 280 239
7.9 8.2 2.5 7.9 8.7 9.3
) o8 5 105 85
- - 17 le
1,26 47 45 .62 23 21
1.05 1.84 1.78 .59 .64 254

- 2-7-67 8-8-68
11-13-63 8=9-67 8~4-68
- 8-28~67 8-28-68
BIA BIA BiA
zZ-9 68-Z-57 63270
mad/L ng/L meq/1 ma/1 mag/1 ag/l
- - - - - 0.05
- - - .06 1,100
3.10 2.00 4%.08 1.20 24,08
1.20 .60 7.30 .40 4.86
.43 .21 4.83 22 5.06
.15 .089 3.48 .i82 7.32
2.9¢ 2.06
- .002 060 0008 .24
3.78 2.31 140.96 1.36 82,99
.25 Trace Trace Trace Trace
2% .43 20.63 .73 35.0¢
+55 .33 11.70 05 1.77
- - - .01 .25
.014 - - . 006 .37
3.07 2.1
288 174 290
450 280 i8¢
8.0 8,1 1.6
8¢ 13¢
12 14
.43 11 7
.29 21 .18

oq)



Logation
Remarks

Date Sampied

pate Received by Lab
Bate Analysis Complete
Lakboratory

Lab o,

Silieca (Si02)
Boron (B)

Iron (Fe)
Cakeium (Ca)
Hagnestum (Mg)
Sodium (Wa)
pPotassivm {K)
Sum cation

Phosphorus (P}
Biscarbonate {HCO3}
Carbonate (Co3}
Suliage {FOy)
Chleride (CL)
Fluorige (F}

Hitrate (%03)

Sum aniens

pissolved selids
specitfic conductance
pH

#ardness (Ca, Mg}
Hardness, noncarbonate
percent sodium (Na)

Sodium absorption ratio

Appendix b--Chemical analyses of water from minrpeliansous souraes,
pucblo of Luni, Hew Mexice

Black Rock Distribution System

Sec. 24, T. 10 M., R. 19 W,

¥

Rio Pevcado

¢llow liouse Dam Site

Dritl Hole #6 9rill Hole #7

Sec, 11, T. 10 H., R. 18 W.

viilage of
Zuni
bistribution
System
Sec. 28,
T, 1 N.,
R, 19 %.
? 2
E ?
? ?
WMPHL WPHL
? ?
meq/1 ng/l meg/1 my /1
1.902 .16
7. a8
1.1 7.9
368 41
L.e 1.6
336.2 250.1
9.6 0.9
348 17
113 9.2
3 .25
0,00 6.1
1200 302
1665 460

Qal ?
10-22-69 - 2-12-71 8-11-71 8-11-71
10-23-69 2-11-71 2-12-71 8-13-71 8-13=7)
11-8-63 2-26-71 3-3-71 g-u-71 8-9-71
BIA BIA BIA BIA BIA
7i-Z-465 Th =% idi5 T1-7=408 72-7=75 72-7-74
rmea/l _ma/l  meq/l _mg/l mea/l rg/l  meg/l mg/1 mea/]l mg/l
10 .12 .12 - -
.C02 .04 002 £04 002 .04 .01 .023 - 0,93
2.8% 53.11 §.30 106,33 8.30 166.33 1.30  206.0% 2,60 52.19
.40 4.86 2,10 25.54 2.10 25.54 1.00 12.16 .50 9.73
2.00 43,98 4.84 111.27 4.96 114,03 3,40 89.606 5,32 122.3
.02 G.78 .10 £.26 0,19 - - - -
5,07 15.40 15,55 6,20 8.72
- .03 Trace | Trace - - - -
4.30 2062.359 3.64 222,11 2.52 215.40 2.12 129.36 4.04 246.52
Trace Trace Trace | Trace Trace ‘rrace 46 13.80 +46 13.80
0.34 16,33 10,39 523.0% 10.84 520.6% 3.08 147,93 4.07 195.48
.36 12,77 T8 27.66 .88 21,20 .83 29.43 .63 22.34
.01 .22 L05 .04 06 1.15 =~ - - -
.09 .558 .004 .25 004 .25 - - bt -
5.10 15.306 15.31 .49 9,20
276 1069 1072 420 56l
500 1430 1510 650 870
7.8 - 7.8 8.5 8.3
153 520 5200 15 170
- 338 34,35 - -
40 32 32 63 ° 61
1.62 2.12 2.17 3.64 4,08

Qal?
8= 19-7]
8-20-71
9-7-71
Bla
72-7-8%
meq/l mgfl
2.05 41.08
05 7.90
6,36 146,22
Truce Trace
9,006
- Trace
3.14  19i.60
Trace Trace
5.0 249.7%
.90 31.9
.04 .68
9.28
570
0
8.3
1315
70
S .47

village of Zuni Well lo. 4

Sampled
after bailing
rest 9 160"
11-26-67
11-28-67
12-6-67
B1A
68=Pl=251
meys ) ma/l
6,08 231.28

0,43
000G -1190
i) 15.903
.05 N}
11,96 274.96
.020 J18
12.7%
Trace Trace
8.6%9 530.26
Tracy Trace
1.33 £3.88
2.52 89.71
L013 .35
.006 .37
12.57
716
1250
8.5
40
94
13.91

sampled during pumping test

§ell 245' deep

t =

5 min

12-5-67
12-15-07
12-22-67
BIA
G8=Pl-272

meg/l mg /3 reg/1

.008
.90
.20
14,24
.022
15.37

Trace
9.7%
1.30
Z.18
2.80

.018
017

16.07

.35

0.140
18.24
2.43
327.38
.96

Trace
594.95
19.01
104.71
99,29
.35
1.05

866
1440
8.0

58

93
19.20

t =

60 min

12-5-67
12=15-67
12-22-67

BIA

68-0ii=273

.008

.90

50
13.66

.021
15.09

Trage
9.66
1.19
.94
2.96

018
.021

15.79

ma/l

o

.35

.140

18,03
6.08
3k4,04
.82

Trace
589,43
35,71
93.18
104,96
.35
1,30

8068

1400

1.9
70

91
15,32

t =

727 min

12-5-67
12~15-67
12422-07
BIiA
65~PH-274

.008
.85
.40
13.%0
=021
4,78

Trace
8,90
1.1
1.92
2.74
.13

.021

14.74

reg/l ng/1

0.43

.140
317.03
4.86
310.37
B2

Trace
543.08
34.51
92.22
97.16
.25
1.3

gl1g
1350
1.9

63

21
17.08

[ LY



From

20
30
40
170

190
200

495
320
570
600
715
800
805
840
850
1000

23
65
75
97
105
145
160
170
174
185
205
225
385
400
503
520
585
630
736
1380
1395
1431

Appendix 7-—Drillers' logs of water wells
Pueblo of Zuni, New Mexico

Well No. R.W.P, Z2-25 sec. 2, T. 8 N., R. 17 W., Alt.

To

20
30
40
170
120
200
495

. 520

570
600
715
800
805
840
850
1000
1175

Yellow sandstone

Blue shale

Shale and coal

Gray shale

Yellow sandstone

Gray shale

Gray sandy shale; small amount of water @ 255°'
Gray sandstone *

Blue shale

Gray sandstone

Blue sandy shale

Light gray sandstone

Buff sandstone

Gray sandstone )

Buff sandstone; small amount of watex @ 850!
Gray sandstone : )

No record

Vo

7353

Well E. C. W. No. 7 sec. 24, T. 8 M., R. 18 W., Alt. 7213

23
65
.75
.97
ro5
145
160
170
174
igh
205
225
385
400
503
520
585
630
736
1380
1395
1431
1460

Black clay

Gray shale

Gray sandstone

Brown sandy shale
Gray sandy shale
White sandy shale
White sandstone

Gray sandstone

Black shale

Gray sandstone

White sandstone

Gray sandstone

Red sandstone

Brown sandstone

Red sandstone

Brown sandstone
Light brown sandstone
Red sandstone, water
Brown sandstone
Layers red clay and soft shale
Brown sandstone

Gray and brown sandstone
Brown shale hard



From

45

99
187
395
398
420
422
493
553

16
35
220
250
425
470
811
826
1005
1045
1085
1100

35

55

95
105
120
180
200
210
220
225
300
320
345
370
375
395
400

To

45

99
187
395
398
420
422
433
553
590

16
35
220
250
425
470
811
826
1005
1045
1085
1100
1115

35

55

95
165
120
180
200
210
220
225
300
320
345
370
375
385
400
410

Appendix 7—Drillers' logs of water wells
Pueblo of Zuni, New Mexico (continued)

Well E.C.W. No. 4 sec. 4, T. 8 N., R. 19 W., Alt. 6881

Sandy f£ill

Soft red sandstone, seep

Red clay

Red shale

White sandstone, soft, seep

Red shale

Red sandstone, soft

Red shale

Red sandstone, laminated, water
Red sandstone, soft

Well E.C.W. No. 5 sec. 12, T. 8 N., R. 19 E., Alt. 7323

Brown sandy soil
Light brown sandstone
Gray sandy shale
Light brown sandstone
White sandstone
Light brown sandstone
Red sandstone

Red shale and clay
Brown sandstone
Brown conglomerate
Chocolate shale
Chocolate sandstone
Brown and gray sandstone, water
Brown sand shale

Well E.C.W. WNo. 18 sec. 22, T. 8 N., R, 1% ¥W., Alt. 6741

Red bhed clay

Lighter red clay, sandy
Light red and little sandy clay
No report

Pink clay

Red sandrock, hard
Brown sandstone

Brown shale

Pinkish shale

White gray shale

Dark gray shale

Light brown shale

No report

Brown shale

No report

Brown shale

Gray shale

White sandrock

3]



From

410
440
445
450
460
470
480
495

55

90
150
165
170
300
330
336
355
385
425
460
480
485

12
95
110
205

235,

270
490
550
560
625

[o7

Appendix 7T—Drillers’ logs of water wells ' 3
Pueblo of Zuni, New Mexico (continued)

Well E.C.W. No. 18 sec. 22, T. 8 N., R. 19 W., Blt. 6744 (continued)

To

440
445
450
460
470
480
495
500

55

90
150
165
170
300
330
336
355
385
425
460
430
485
515

Pink shale

Black hard shale

Hard bentonitic, light tan
White sandrock

Light brown clay

Dark brown shale

White sandstone

Chalk-like substance

Well R.W.P. Z-35 sec. 4, T. 8 N., R. 20 W., Alt. 6360

Topsoll

Sand rock

Brown shale sand rock sheets
White shale

Brown shale

Gray sand; 3 gpm
Red shale

Brown shale
Limestone sheets
Red shale

Gray shale

White shale

Brown shale

White shale

Brown sand; 5 gpm
Red shale

Well E.C.W. No. 8 sec. 19, T. 9 N., R. 17 W., Alt. 7185

12

a5
110
205
235
270
490
550
560
625
660

Yellow sand

Yellow sandstone

bark gray shale

Light gray sandstone
Vari-colored sandstone
Light brown sandstone

No record

White sandstone

Light brown sandstone
Light red sandstone; watexr
"Light brown sandstcone
Greenish white sandstone



From

85
105
155
365

47
147
235
240
305
310

55
132
144
159
239
249
469
479
489
497
507
542

175

318 .

389
405
430

jiXe]

85
105
155
365
400

47
147
235
240
305
310
352

55
132
144
159

. 239

249
469
479
489
497
507
542
552

Appendix 7—Drillers' logs of water wells
Pueblo of Zunti, New Mexico (continued)

Well R.W.P. 2-33 sec. 19, T. 9 N., R. 19 W., Alt. 6914

Topsoll

Sand rock

Sand rock hard

Sand rock, 1-1/2 gpm

Red shale

Sand-making water, 15 gpm

Bowman Peywa Well sec. 8, T. 9 N., R. 20 W,

Surface sand

Sand and clay

Red clay

Brown sandstone

Red and purple clay
White sandy clay
Red clay

Well E.C.W. No. 3 sec. 32, T. 9 N., R, 20 W,., Alt. 6280

Light pink shale

Pink shale

Reddish brown sandstone

Pink shale

Light green shale with green specks
Red conglomerate sandstone
Pink shale

Red shale with swmall pebbles
Red and green shale

Gray sandstone

Pink sandstone; waterxr

Gray sandstone, hard

Pink sandstone, hard

Well E.C.W. MNo. 2 sec. 11, T. 9 N., R. 21 W., Alt. 6287

175
318
389
405
430
475

Alluvium £ill

Sand with black pebbles
Red beds shale

Hard red sandstone; water
Red sandstone, soft

Red clay

103




From

40
55
a8

103

121

125

165

205

213

248

252

260

272

60
1lo0
115
565
580
610
635
683
688

44
46
51
70
98

112
i4
1s
20
25
30
50

109

Appendix 7—Drillers’ logs of water wells -
Pueblo of Zunt, Newl Mezico (continued)

Well E.C.W. No. 22 sec. 10, T. 10 N., R. 17 W., Alt. 6811

TO

3 Surface soill ’

40 Sandstone gray

55 Shale daxk

28 Shale light
J03 Shale dark

121  Shale light gray
125 Sandy shale yellow
165 Shale gray

205 Sand gray

213 Shale blue dark
248 Sand gray hard

252 Shale gray

260 Sandy shale gray
272 - Sand gray

282 Sandstone gray

Well E.C.W. No. & sec. 35, T. 10 N., R. 17 W., Alt. 6912

60 Sandy soil
100 Sandstone, vellow
115 Sandstone, blue
565 Shale
580 Sandstone, blue )
610 Sandy shale and clay, blue
635 Sandstone, blue
683 Gray sandstone, muddy.
688 Shale, black
712 Sandstone, gray

Well E.C.W. No. 17 sec. 22, T. 10 N., R. 18 W., Alt. 6595

44 Sand £ill, little silt
46 Sand rock
51 Sandstone
70 Light red sandstone
28 Hard red sandstone .
112 Gray sandstone making water (20 gpm)

Black Rock Test Hole #l sec. 24, T. 10 N., R. 19 W,

12 Blow sand

14 Lava

16 Sand, 6 gpm

20 Clay and sand

25 Water, 1~1/2 gpm
30 Sandy shale

50 ? stone, 30 gpm
60 Hard red sandstone




From

60
100
lio
155
173
175

100
102
110
120
127
130
150

25
60
68
75
80
100
120
148
360
370
450
472
820
860
900
910

11
18
46
56
. 66
118

Black

TO

100
1i0
155
173
175
177

100
102
110
120
127
130
150
172

Black

25
60
68
75
80
100
120
148
360
370
450
472
820
860
900
910
1060

Appendix 7--Drillers’ logs of water wells
Pueblo of Zuni, New Mexico (continued)

Rock Test Hole #1 sec. 24, T. 10 N., R. 19 W. {continued)

Red mudstone

Purple sandstone

Red sandstone

Red shale

Hard purple sandstone
Red shale

Black Rock Test Hole #2 sec. 24, T. 10 N., R. 19 .

8ilt and sand

Haxrd sandstone

Soft sandstone

Hard sandstone

Sand

Hard sandstone

Medium hard, drills like shale
Shale

Rock Well No. 2 sec. 24, P. 10 N., R. 19 wW., Alt. 6454

Sand

Gray clay

Red clay

Red sandstone

Red clay

Red shale

Red clay

Sandstone

Red clay shale

Hard gray shale

White and puxple clay and shale
Hard sandy shale

Shale red, brown, purple

Hard limestone? shell?

Gray limestone broken

Pale pink sandstone

Hard pink sandstone (used 4 bits)

Black Rock Well No. 3 sec. 24, T. 10 M., R. 19 W,, Alt. 6350

11
18
46
56
656
118
121

Soil
Conglomerate
Lava

Brown sand rock
Conglomerate
Red clay

Gray clay

Y
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Appendix 7-—Drillers' logs of water wells
Pueblo of Zuni, New Mexico {(continued)
#

'Black Rock Well No. 3 sec. 24, T. 10 N., R. 19 W., Alt. 6350 (continued)

¥rom

121
178

© 196 -

265
277
280
364
437
447
454
460
470
524
548
570
523
605
644
650
688
697
725
733
735
751
804
812
830
859
1868
890
898
904

147

30

65
110
115
155
175

- To

178 Soft red clay

186 Hard red rock -

265 Soft red shale

277 Hard red xock

280 Hard red and brown rock

364 Hard red rock with streaks of black
437  Red shale

447 Hard gray shale

454  Coarse gray sand rock, some watex
460 Red shale .

470 Hard red sandstone

524 Red gray shale

548 Red sandstone, poor porosity, very fine
57G Gray shale

- 593 Red sand rock, wvery fine {poor porosity)

605 Red and gray sandy shale

644 Red shale with streaks of red rock

650 Hard red rocks

688 Red sandstone, very fine grained

697 Red shale

725 Red sandy shale

733 Red and gray sandstone

735 Hard red rock with streaks of limestone
751 Hard red rock with very fine black specks
804 Red streaks of soft shale

812 Small red rock [water sand)

830 Red shale

859 Red and gray sandstone

868 Red sandstone mixed with red clay

890 Gray sand rock

898 Red and pink sandstone

904 Red shale

932 Blue and red sticky shale

Leo Nostacio Well sec. 30, T, 10 N., R. 19 W., alt, 6275

147 Blow sand
152 Gray sand, water

village. of Zuni Well No. 4 sec., 28, T. 10 N., R. 19 W., Blt. 6274

35 Red clay

65 Red sandy clay

110 Blue sandy clay
115 Brown sand and clay
155 Red shale

175 Sand layers

210  Red shale



na

Appendix 7—Drillers' logs of water wells
Pueblo of Zuni, New Mexico (continued)

Village of Zuni Well No. 4 sec.. 28, T. 10 N., R. 19 W., Alt. 6274 {continued)

From To
210 275 Red shale with blue
275 285. Red shale very little blue

285 300 Red shale with blue and some sandstone grains

300 330 Red shale .

330 ~385 Red shale with blue specks

385 20 Gray blue sandy shale

420 555 Red shale

555 570 Red shale and gray shale with some sandstone grains
- 570 ‘600 Gray sandstone--water bearing '

600 605 Gray sandstone .
605 613 Gray sandstone with 1-5% black grains of sandstone
613 615 shale

Well Irrigation No. 1 sec. 18, T. 10 N., R. 20 W., AlLt. 6502

0 170 Sandy loam
170 181 .Light gray sand hard
181 202 Light pink sand, soft, water
202 204 Red shale sand, soft, water

Well @ Bossom's Place sec. 22, T. 10 N., R. 20 W., Alt. 6345

o 50 Sand .
‘50 . 85 Sand, some water @ 80'
85 S0 Sand

90 95 Shale

95 102 Shale

Well E.C.W. No. 9 sec. 33, T. 10 N., R, 20 W., Alt. 6331

o 20 Brown sandy loam

20 100 Red sandstone
100 175 Red shale
175 215 Red conglomerate sandstone
215 242 Red clay, sticky
242 350 Red clay and shale
350 460 Red shale with green specks
460 472 Vari-colored shales
472 505 Red shale
505 530 Red sandstone, laminated
530 535 Gray sandstone, hard
535 574 Gray sandstone, porous, water
574 575 Gray gquarzite, very haxd



From

110
200
280
300
305
420
490
510
520
530
545

55

85
205
252
346
382
436
463

40
70
81

15
45
&0
20
105
115
125
130
135
160

TO

110
200
280
300
305
420
490
510
520
530
545
531

Appendix 7—Drilleve' logs of water wells
Pueblo of Zuni, New Mexico (continued)

Well R, W.P, 2-30 sec. 1, T. 10 N., R, 21 W., Alt. 6662

Sand

Sandy shale
Sand

Sandy shale
sand rock
Shale

Sandy shale
Sand rock
Shale

Sand

Sandy shale
Sand

Well R.W.P. %-24 sec. 23, T. 10 N., R. 21 W., Alt. 6596

55

85
205
252
346
383
436
463
480

40
70
81
105

15
45
60
20
105
115
125
130
135
is0
190

Sand loose

Dry loose sand

Sand loose

Soft white sandstcne

Soft gray sandstone

Yellow sandstone

Loose sand

Ioose sand, guick sand, waterxr
Red shale

Well R.W.P. 2-28 sec. 8, T. 11 N., R. 16 W., Alt. 7046

Topsoll

Brown shale

Blue shale

Gray sand, water
Gray shale, 7 gpm

Recreation Well sec. 5, -T. 11 ®W., R. 17 W.

Topsoil

Brown shale

Yellow sandstone

Gray shale

Yellow sandstone
Gray shale

Yellow sandstone
Gray shale, some coal
Gray sandstone

Gray, shale, some coal
Gray sandstohe

Gray shale, some coal



FProm

190
215
240
245
280
330
345
350
365
370
375
380
390
400
410
435

i8

23

28

58

68

95
105
117
120
125
150
158
168
187
210
237
246
258
265
275
280
286
292
300
312
340
376
380
411
425

To

215
240
245
280
330
345
350
365
370
375
380
390
400
41.0
435
450

Well E.C.W. No. 14 gec. 24, T. 11 ¥N., R. 17 W., Alt. 6947

5
18

23
28

58
68
95

105

117
120
125
150
158
le8
187
210
237
246
258
265
275
280
286
292
300

‘312

340
376
380
411
425
438

Appendix 7—Drillers' logs of water wells

Pueblo of Zuni, New Mextico (continued)

Recreation Well sec. 5, 7. 11 N., R. 17 W.

Gray sandstone
Sand rock
Sandstone, 1 gpm
Sandstone

Gray shale

Gray sandstone
Shale

Sandstone

Coal

Gray shale

Coal

Gray shale
Sandstone

Shale

Sandstone, 5 gpm.
Sandstone, 8 gpm

Brown sandstone
Yellow clay

vellow sandstone
Yellow sandstone

Blue shale

Brown shale

Gray sandy shale
Sand gray

Gray sand, watexr
Gray sandy shale
Blue shale, sticky
Blue shale

White sand

Red sand

Red sandstone
Light red sand
Sandy shale gray
Sandstone gray
Sandstone pink, water
Sandy shale gray
Blue shale

Sandy shale brown
Brown shale
Sandy shale gray
Blue shale

Blue sandy shale
Blue sticky shale
Gray sandy shale
Lime shell gray
Sandy shale gray
Blue shale

Gray shale

{continued}

1Y



From

44
54
60

90

130
180
260
390
675
680
695
715

45
63
62
72
75
g1
i21
123
127
144
175
203
208
230
315
330
335

20
130
140 -

185

To .

5

44
54

60

90
130
180
260
390
675
e80
695
715
760

1>

Appendix 7—Drillers' logs of water wells 4

Pueblo of Zuni, New Mexico (continued)

Well E.C.W. NO. 10 sec. 29, T. 11 N., R. 17 W,

Sandy loam

Adobe

Yellow clay

Coal and blue shale, seep
Gray sandstone, seep

Blue gray shale )

Gray sandy shale, some water '
Black and gray shale

Dark gray shale

Very dark gray shale

Gray sandstone

Limestone

Limestone, thin layers with shale, water
Sandstone

Well E.C.W. No. 1 sec. 21, T. 1L N., R. 18 W., Alt., 6726

45
63
69
72
75
8l
izl
123
127
144
175
203
208
230
315
330
335
345

Sandy £ill

Blue gray shale

Hard gray sandstone

Hard gray shale

Hard brown sandstone

Soft brown sandstone, water

Light red shale and sandstone

Black shale

Fire clay

Green and white shale

Green and white sandy shale

Gray sandy shale

Hard brown sandstone

Brown sandstone with white cxystals, water
Light brown sandstone

Lighter brown sandstone

White sandstone, water . —
Light brown sandstone

Well R.W.P. Z-34 sec. 27, T. 11 N., R. 18 W., ALt. 6641

4
20
130
140
185
220

Topsoil

Sand rock

Gray shale

Black: shale

Gray sand, 20 gpm
Sand




From

270

1006
1015
1020
1100

1355 .

1360
1365
1550
1565
1575
1620
1630

30
50

47

75
270
380
405
575
580
642
650

20
30

. 80
170
180
120
225

1015 Sand brown

Appendix 7—Drillers' log of water wells
Pueblo of Zunt, New Mexico (continued)

0il Test Carter Oil Co. Santa Fe No. 2
sec. 17, T. 11 N., R. 19 W., Alt. 6800+

TO

270  Red rock or shale
? Sandstone, brown, soft
1006 Sandy, shale, red, soft, water

1020 Shale, red
1100 Lime, blue
1355 Sand, gray
1360 Shale, red
1365 Ssand, pink
1550 Shale, red
1565 Lime, blue
1575 Sand, brown
1620 Shale, red
1630 Lime, blue
19807 Shale or red rock

Well R.W.P. 2-36 sec. 27, T. 1L 'N., R. 20 W., Alt. 6629

30 Sand
50 ° Sand and clay layers
248 Sand rock

Well Irrigation Wo. 2 sec. 31, T. 11 N., R. 20 W., Alt. 6590

) Surface soil

47 Sand and clay (gray)
© 75 Sand and clay
270 Sand
380 Red shale
405 Pink shale hard
575 Ped shale
580 No report
642 Red shale
650 Red sandy shale.
668 Sand, water

Sam Pablano Well sec. 2, T. 12 N., R. 16 W.

20 Ciay and sand

30 Sand and rock

80 Red bed and shale
170 Gumbo and shale

180 Red bed, gumbo, and shale

1920 Shale, fine sand, and red bed
225 Sandstone, shale, and red bed
230 Lime and shale
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Appendix 7—Drillers’ logs of water wells I3
Pueblo of Zuni, New Mexico {continued) .

sam Pablano Well sec., 2, T. 12 N., R. 16 W. (continued)

From TO

230 250 Lime and shale, hard

250 255 Lime, shell and streak

255 280 Shale

280 285 Streaks of lime and shale

285 290 Shale

290 298 Lime, hard

298 305 Limestone

305 325 Heavy shale, shallow streaks 11me, stone, and clay
325 335 ghale and lime, clay

335 340 Sand, shale, lime

340 350 Shale, lime, clay

350 360 Red bed

360 375 Red bed and lime

375 380 White clear rock

380 430 Sandstone

410" 416 Water and some stuff, pretty fair stock well
416 420 Same stuff

420 423 Red sand and xrock

Well B.C.W. No. 16 sec. 15, T, 12 N., R, 17 W., Alt. 6905

0 4 Soil

4 30 Yellow clay
30 65 Blue shale
65 213} Sandstone

26 112 Lime
112 120 Blue shale
120 132 Water sand
132 152 Sandy shale
152 193 Blue shale
193 197 Brown sandy shale
197 201 Gray shale
201 218 Blue shale
218 222 - Gray shale
222 231 Blue shale
231 254 Gray sandy shale
254 260 Sandy shale
2640 275 Lime
275 280 Blue shale
280 285 Lime
285 -+ 290 Blue shale
290 295 Gray shale
295 325 Water sand
325 33L Hard sandy lime
331 340 Hard sandy shale
340 357 Gray sand
357 367 Shale
367 380 Sandy lime shale, 3-1/2 gpm



Well E.C.W. No. 16 sec. 15, T. 12 N., R. 17 W., Alt. 6905 (continued)

From

380
423
430
450
455
465
480
495
500
505
520
535
546
554
565

40
78
20
94
202
209

To

423
430
450
455
465
480
495
500
505
520
535
546
554
565
594

40
78
20
94
202
209
228

appendix 7--Drillers’ logs of water wells
Pueblo of Zunt, New Mexico (continued)

Blue shale

Bxrown shale

Blue shale

bark brown shale
Gray shale

Broken shells and sand
Brown shale

Gray shale

Blue shale

Brown shale

Gray shale

Shell and shale
Sand

Gray shale

Blue shale, 5 gpm

Well R.W.P. Z-29 sec. 29, T. 12 N., R. 16 W.

Bxown shale

Gray shale

Gray sand rock, 2 gpm
Gray sand xock, 3 gpm
Gray shale

Brown sand

Gray shale, 6 gpm

Iz
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