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WATER RESOURCES ON THE PUEBLO OF LAGUNA4,
WEST-CENTRAL NEW MEXICO

by Dennis W. Risser and Forest P. Lyford

ABSTRACT

The Pueblo of Laguna, located on semiarid lands in west-central New
Mexico, needs additional quantities of water chemically suitable for public
supply and irrigation. This study evaluates the quantity and quality of
water available on the Pueblo of Laguna.

Ground water for public supply can be found in the valley fill along
the Rio San Jose, in the Paguate and Encinal areas, and possibly in the
northern part of the Sedillo Grant. The valley fill along the Rio San Jose
at the mouths of Cubero and Encinal Creeks will supply 50 to 450 gallons per
minute of water containing 500 to 1,200 milligrams per liter of dissolved
solids to properly constructed wells. In the alluvium along Rio Paguate, as
much as 250 gallons per minute of ground water containing 300 to 500
milligrams per liter of dissolved solids can be developed. Sandstone units
in the Morrison Formation will yield 5 to 50 gallons per minute of water
containing 500 to 1,500 milligrams per liter of dissclved solids to properly
constructed wells. About 15 to 30 gallons per minute of water from Encinal
Springs are presently (1982) used for public supply for the village of
Encinal. An additional 70 to 85 gallons per minute of springflow containing
less than 200 milligrams per liter of dissolved solids is suitable for
public supply. The Dakota Sandstone near Encinal also may supply water
suitable for public supply. About 20 to 50 gallons per minute of water
containing 800 to 1,200 milligrams per liter of dissolved solids may be
obtained in this area. Tertiary sediments that fill a graben structure near
Canon de los Apaches on Sedillo Grant may yield 20 to 100 gallons per minute
of water containing 300 to 1,500 milligrams per liter of dissolved solids to
properly constructed wells.

Ground water for irrigation is restricted by available well yields and
quality to the valley fill along the Rio San Jose and possibly the western
part of the Major's Ranch area. In the Rio San Jose valley west of New
Laguna, well yields of 50 to 450 gallons per minute of water containing
1,200 to 3,000 milligrams per liter of dissolved solids can be obtained. At
the mouths of Cubero and Encinal Creeks, dissolved-solids concentrations are
less, about 500 to 1,200 milligrams per liter. Digital-model simulations of
the valley-fill aquifer west of the village of Laguna show a potential
evapotranspiration salvage of as much as 900 acre-feet per year 1if water
levels are 1lowered. On the western part of the Major's Ranch area, the
Morrison Formation may yield several hundred gallons per minute of water
containing 1,000 to 2,000 milligrams per liter of dissolved solids to
properly constructed wells.



As much as 300 acre-feet of additional surface water could be used for
irrigation from the Rio Paguate if water flow into the pueblo during winter
months were stored in a reservoir. Digital-model studies indicate that the
winter flow of the Rio San Jose could be used to recharge the ground-water
reservoir in the valley.

INTRODUCTION

Purpose and Scope

The economic growth of the Pueblo of Laguna and the lifestyle of the
Laguna people are dependent, to a great extent, upon the availability of
water for irrigation and public supply. Because ground- and surface-water
resources on the pueblo are limited, detailed knowledge of these resources is
needed to insure their protection and efficient use.

In response to the need for hydrologic information expressed by the
Laguna Indians, the U.S. Bureau of Indian Affairs in 1970 requested a
comprehensive study of the hydrology on the Pueblo of Laguna. The resulting
plan of study consisted of a qualitative investigation followed by an
intensive hydrologic investigation. The findings of both phases of the study
are presented in this report.

The purpose of this study was to assess the quality and quantity of
ground and surface water on the Pueblo of Laguna. The work focused on
aspects of the hydrologic system that were recognized in the early phase of
the investigation as needing further study. Specific objectives of this
study were to: (1) Define areas of potential ground-water development for
irrigation and public supply; (2) estimate the availability and suitability
of surface water for irrigation; (3) predict possible long-term effects of
ground—-water withdrawals in the Rio San Jose valley on water levels and
streamflow; and (4) report the results of test drilling.

The scope of this study was limited to ground- and surface-water
resources on the pueblo that could be used for irrigation and public supply.
However, brackish-water resources, which may be important in the future as
the demand for water increases, also are discussed briefly in this report.

Location and geographic setting

The Pueblo of Laguna is located in west—central New Mexico (fig. 1).
Pueblo lands consist of about 690 square miles, which include the original
Spanish grant and lands acquired later by purchase and executive order. The
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major divisions of the pueblo referred to in this report are: Pueblo Proper,
Sedillo Grant, Montaflo Grant, Mount Taylor Area, Major's Ranch Area, and Jack
Ward Area.

Most of the pueblo lands are situated in the Datil section of the
Colorado Plateaus physiographic province (Fenneman, 1931). The province is
characterized by high mesas, canyons, and abundant evidence of volcanic
activity. The Puerco fault =zone passes through the Montafio and Sedillo
Grants and is the boundary separating the Colorado Plateaus province from the
Rio Grande trough to the east. The most prominent feature in the area is
Mount Taylor, northwest of the Pueblo of Laguna, which rises to an altitude
of 11,301 feet.

The major stream on the pueblo is the Rio San Jose, which flows eastward
through the center of the Laguna lands. The stream empties into the Rio
Puerco at the southeast corner of the pueblo. Major tributaries of the San
Jose include: Cubero Creek, Encinal Creek, Acoma Creek, Rio Paguate, Arroyo
Conchas, and Arroyo Colorado.

The climate of the area is semiarid with mean annual precipitation of
7.8 inches and mean annual temperature of 53.3° Fahrenheit at Laguna (New

Mexico State Engineer Office, 1956a, and U.S. Department of Commerce,
1955-79).

The resident population on the Pueblo of Laguna in 1980 was 6,233
(Daniel Carr, U.S. Bureau of Indian Affairs, written commun., 1980). The
population distribution by village was as follows: Casa Blanca (303), Encinal
(347), Laguna (1,585), Mesita (791), Paguate (1,483), Paraje (791), and Seama
(933).

Previous investigations

A number of hydrologic studies have been conducted on or near the Pueblo
of Laguna. A report on ground water in eastern Valencia County by Titus
(1963) contains data for wells on Sedillo Grant and Major's Ranch area.
Dinwiddie (1963) briefly described the ground-water resources in the vicinity
of Paguate. The availability of ground water on parts of the Pueblos of
Acoma and Laguna was studied by Dinwiddie and Motts (1964). Their report
includes the results of exploratory drilling and aquifer testing in the
alluvium along the Rio San Jose and its tributaries. Cooper and West (1967)
wrote a general report describing the major aquifers between the Pueblo of
Laguna and city of Gallup, New Mexico.
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Site—identification numbering system

The location of wells, springs, and surface-water sampling sites in this
report is identified by a number based on the common subdivision of 1lands
into townships, ranges, and sections. Section 1lines are extended from
sectionized lands across previously unsectionized areas for the purpose of
accurately locating wells, springs, and other features.

The location number based on the township-range system 1is divided by
periods into four segments. The first indicates the township north of the
New Mexico Base Line, and the second denotes the range west of the New Mexico
Principal Meridian. The third segment is the number of the section within
the township, and the fourth segment indicates the tract within which the
well or spring is situated. To determine the fourth segment of the location
number, the section is divided into four quarters numbered 1, 2, 3, and 4 for
the NwWy, NEY%, SWy, and SE%, respectively. Where map accuracy permits, these
quarters are further subdivided down to the nearest 10-acre tract. The
numbers are based on a l-mile—square section that is determined from the
southeast corner of the section. The use of zeros in the fourth segment of
the 1location numbers indicates that the well or spring could not be
accurately located. For example, well number 9.7.28.400 would indicate that
the well could not be located any closer than the southeast quarter of
section 28. Letters a, b, ¢, d, and e are added to the last segment to
designate the second through sixth wells in the same 10-acre tract. An
example of the numbering system is shown in figure 2.



Well 8.7.14.223

Figure 2.-~Method of numbering wells, springs, and surface-water sites.



Methods of investigation

The hydrologic investigation began with an inventory of all wells and
springs located on or near the Pueblo of Laguna except for those on the
Major's Ranch area, which was purchased by the pueblo after the inventory was
complete. The wells and springs are listed in tables 1 and 2 (all tables are
at the back of the report); their locations are shown on plate 1.

The potential yields of aquifers on the Pueblo of Laguna were evaluated
by a program of well drilling and aquifer testing. The locations of new test
wells and wells selected for pumping are shown on figure 3. Eight shallow
test holes were drilled in the alluvium along the Rio San Jose, Encinal
Creek, Seco Canyon, and Castillo Canyon. Three deeper wells were drilled on
the ©Pueblo Proper and Mount Taylor area to test bedrock aquifers.
Descriptions of formation cuttings for all new test wells are listed by
location number in table 3. Samples of the formation cuttings and
geophysical logs of the test wells are on file at the U.S. Geological Survey,
Albuquerque, New Mexico.

Nine of the 11 new wells and 6 existing stock, public-supply, or
irrigation wells were pumped to evaluate aquifer properties. Results of
these tests and other previously reported tests are summarized in table 4.

To evaluate surface- and ground-water relations, water levels in
10 shallow wells completed in the alluvium along the Rio San Jose valley were
monitored monthly (fig. 3). Continuous recorders were placed on wells
10.7.36.322 (Laguna 76-2) and 10.6.35.342 (Pueblo Test 2). Water levels were
also measured monthly in three deep wells that are completed in bedrock
aquifers.

Samples of ground and surface water were collected and analyzed for
major ions, nutrients and minor elements, trace elements, and radiochemicals.
Results of the water analyses collected from selected wells and springs are
listed in tables 5-8. Water—quality samples of surface waters were collected
from the Rio Puerco, Rio San Jose, and some tributaries of the Rio San Jose.
These analyses are listed in tables 9-13.

A 2-dimensional digital-computer model was used to help evaluate some
alternative plans of ground-water development in the alluvium along the Rio
San Jose. The model simulates ground-water flow in the valley between the
western boundary of the pueblo and the village of Laguna.
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GROUND WATER

Hydrologic properties of geologic units

Geologic units that crop out on and around the Pueblo of Laguna range in
age from Permian to Holocene. The location and distribution of these units
are shown on the geologic map of the pueblo (plate 2) and on geologic
sections (plate 3). The geologic characteristics, general water quality, and
well yields that may be expected from the different geologic units are
summarized in table 1l4.

The areas on the Pueblo of Laguna that have geologic units capable of
providing water of suitable quality for public supply, irrigation, and stock
are shown on plate 1. The contoured water levels (plate 1) indicate only the
elevation of water beneath the pueblo in various geologic formations; the
reader should not assume that formations are hydraulically connected or that
ground water flows perpendicular to the contours. The geologic units on the
Pueblo of Laguna and their hydrologic properties are discussed in detail in
the following sections.

Permian System

Permian rocks in the study area include limestone, sandstone, siltstone,
and gypsum of the Yeso Formation, Glorieta Sandstone, and San Andres
Limestone. These units crop out on Mesa Lucero in the southern part of the
Sedillo Grant. Permian units probably are not major aquifers and would
supply water with excessive dissolved-solids concentrations to wells in the
study area. The water—bearing characteristics of the Glorieta Sandstone and
San Andres Limestone warrant special discussion because: (1) Some data exist
for the study area; (2) these units are important aquifers in some parts of
New Mexico, particularly the Grants-Bluewater area (Gordon, 1961); and
(3) many individuals and companies have expressed an interest in the
water-bearing properties of these units in the study area.

Glorieta Sandstone and San Andres Limestone--The Mesita test hole
(9.5.12.442) was drilled by the U.S. Bureau of Indian Affairs during 1963 and
1964 to test the San Andres Limestone and Glorieta Sandstone for water yield
and quality. G. A. Dinwiddie and S. W. West (U.S. Geological Survey, written
commun., 1965) believed that the well did not fully penetrate the Chinle
Formation at a total depth of 1,729 feet. However, re—examination of
cuttings from the well during this study led to the conclusion that the
limestone, starting at a depth of about 1,615 feet, is the San Andres and
that sandstone beds near the total depth are part of the San Andres
Limestone. .




The Mesita test hole had a shut-in pressure of 170 pounds per square
inch and yielded 15 gallons per minute when allowed to flow. Specific
capacity of the well computed fromthese data is 0.04 gallon per minute per
foot of drawdown.

Other deep wells on or near the pueblo that may have penetrated the San
Andres include one 8 miles south of Mesita (8.5.17.213) and one about 1 mile
south of Suwanee (8.3.15.413) (table 1). Both wells were drilled by the
Atchison, Topeka, and Santa Fe Railway early in this century. In 1974, well
8.5.17.213 flowed 1less than 0.5 gallon per minute, and the specific
conductance of the water was 82,800 micromhos (micromhos per centimeter at
25° Celsius) (table 5); well 8.3.15.413 flowed less than 24 gallons per
minute and had a specific conductance of 15,800 micromhos. Gas from this
well is predominantly carbon dioxide with a little helium, hydrogen, argon,
and nitrogen (J. L. Kunkler, U.S. Geological Survey, written commun., 1974).

Shell 0il Company drilled a deep oil test hole (9.1.8.142) at the east
edge of the pueblo on Sedillo Grant. Tests of the well showed that water in
the Glorieta Sandstone had a dissolved-solids concentration of about 15,500
milligrams per liter and that the San Andres Limestone was not a permeable
reservoir rock for oil production (N. J. Isto, Shell 0il Company, written
commun., 1973).

A well north of Paguate in the Bibo area (11.5.14.241) drilled in 1974
by Standard 0il of Ohio (Sohio) to a depth of 3,390 feet penetrated the San
Andres Limestone and Glorieta Sandstone. Water rose in the well to within 10
feet of the land surface. The well was pumped at 5 gallons per minute, which
lowered the water level 390 feet, giving a specific capacity of 0.01 gallon
per minute per foot (Dr. Lynn Jacobson, Sohio, oral commun., 1975).

Evidently, the conditions that create significant permeabilities in
carbonate rocks in the Grants—-Bluewater area do not exist in the study area.
A long period of erosion prior to deposition of the overlying Triassic Chinle
Formation either did not create solution permeability or the permeability was
later destroyed. , The 1likelihood of obtaining large yields of water
chemically suitable for public supply and irrigation in rocks of Permian age

under the Pueblo of Laguna probably is small.

Triassic System

The Triassic System on the Pueblo of Laguna consists of siltstones and
mudstones of the Chinle Formation. Occasional sandstone beds in the
formation are minor aquifers of local importance.

Chinle Formation of Late Triassic age lies beneath all Laguna lands with
the exception of several small areas on Sedillo Grant, where it was displaced
by faults and subsequently eroded (plate 2). The formation crops out or is
covered by a veneer of alluvium in the southeast section of the Pueblo Proper
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and dips gently to the north and west. The Petrified Forest Member of the
Chinle Formation 1is composed of as much as 1,500 feet of grayish-red
siltstones and mudstones; the Petrified Forest Member contains the Correo
Sandstone Bed, which is composed of as much as 100 feet of grayish-red,
arkosic sandstone in the upper part of the Petrified Forest Member (Moench
and Schlee, 1967).

Wells completed in only the Petrified Forest Member of the Chinle
Formation probably have yields of 1less than 5 gallons per minute. Wells
8.6.21.224 (RWP 30) and 8.6.24.412 (RWP 22) completed in the Petrified Forest
Member were reported as 'dry holes'" at depths greater than 400 feet.

The Correo Sandstone Bed of the Petrified Forest Member 1is the most
productive water-bearing unit in the Chinle Formation although its areal
extent 1s restricted to a narrow zone between Mesita and Correo. Water from
the Correo Sandstone Bed is pumped from wells 9.5.24.413 (EPNG 3) and
9.5.24.414 (EPNG 2) by the El Paso Natural Gas Company. About 1 mile to the
northeast, yearly water-level fluctuations of 6 to 14 feet were recorded at
well 9.4.19.124 (E1 Rito) in response to withdrawals from the El1 Paso wells
at rates that averaged from 25 gallons per minute during summer months to
less than 1 gallon per minute during winter months (Pat Adkins, El Paso
Natural Gas Company, oral commun., 1979) (fig. 4). The large water-level
fluctuations in the El Rito well and the small areal extent of the aquifer
indicate that the sandstone could not support large withdrawals of ground
water. Although the El1 Paso Natural Gas Company wells were tested at rates
as great as 40 gallons per minute (D.C. Kelly, El Paso Natural Gas Company,
written commun., 1973), the Correo Sandstone Bed probably is able to sustain
yields of only 5 to 20 gallons per minute for long periods.
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Figure 4.--Water-level fluctuations in well 9.4.19.124 (E1 Rito), 1973-79.
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Jurassic System

Jurassic rocks on the Pueblo of Laguna include the Entrada Sandstone,
Todilto Formation, Summerville Formation, Bluff Sandstone, and Morrison
Formation. Many stock wells and a few public-supply and industrial wells on
the pueblo obtain water from the Jurassic sandstone units.

Entrada Sandstone--The Entrada Sandstone of Middle Jurassic age lies beneath
all Laguna lands with the exception of the southeast corner of the Pueblo
Proper and small parts of the Jack Ward area and Sedillo Grant (plate 2).
The sandstone crops out from the northeast to southwest across the Pueblo
Proper and dips about 50 feet per mile to the north and west. Three units
are recognized in the Entrada Sandstone: (1) A basal, fine- to
coarse-grained, crossbedded sandstone; (2) a medial silty member; and (3) an
upper unit composed of a fine to medium-grained, crossbedded sandstone
(Moench and Schlee, 1967). The three geologic units are considered together
in this report as a single hydrologic unit.

Wells deriving water from the Entrada primarily are used to water stock
because yields are small and the quality is marginal for other uses. Well
9.5.13.233 (Mesita P.S.), however, provides part of the public supply for the
village of Mesita. This well is completed in both the Correo Sandstone Bed
of the Petrified Forest Member of the Chinle Formation and Entrada Sandstone.

The hydrologic properties of the Entrada were tested in two wells
(9.6.26.443, Timia Well; and 9.5.9.231, Laguna 78-1), both drilled to the top
of the Chinle Formation (fig. 3 and tables 1 and 3). The Timia well produced
less than 1 gallon per minute from a 495-foot, open—hole section that
included the Bluff Sandstone, Summerville Formation, Todilto Formation, and
Entrada Sandstone. Laguna 78-1, drilled in the sand-dune area south of
Laguna, produced water mainly from the Todilto Formation. Little additional
water was yielded from the Entrada Sandstone. Transmissivity values for the
Entrada at both locations probably are minimal.

Reported yields from the Entrada Sandstone on other areas of the pueblo
also are small. The Standard well (9.6.4.433) flowed at a rate of 3 gallons
per minute with a shut-in pressure of 5 1/2 pounds per square inch, giving a
specific capacity of 0.24 gallon per minute per foot of drawdown. The Paraje
deep test hole (10.6.33.122) was bailed dry following completion. It is
probable that sustained yields :-from the Entrada Sandstone will be less than
10 gallons per minute on Laguna lands.

Todilto Formation--North of the Rio San Jose valley, the Todilto Formation of
Middle Jurassic age mainly consists of 100 feet or less of gypsum overlying
40 feet or less of limestone. Anhydrite occurs in place of gypsum at depths
greater than 1,000 feet (Moench and Schlee, 1967, p. 12). Gypsum occurs in
isolated -areas on mesas south of the Rio San Jose valley, and the limestone
pinches out south of the Pueblo Proper (plate 2).
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Well 9.5.9.231 (Laguna 78-1) was drilled in 1978 to a depth of 510 feet
to test water quality and yields in Jurassic units. The well penetrated
sandstones and siltstones of the Bluff Sandstone and Summerville Formation
to a depth of 280 feet. A 70-foot thickness of Todilto Formation, composed
primarily of gypsum, was penetrated from 310 to 380 feet, directly beneath
about 30 feet of diabase. The diabase probably was part of one of the
numerous dikes or sills that crop out in the vicinity of the well (Moench,
1963a). At the bottom of the hole, between depths of 380-503 feet, the
Entrada Sandstone was present (table 3). The well was completed only with
30 feet of surface casing. Therefore, water could be contributed to the
well from the Bluff Sandstone and Summerville Formation, Todilto Formation,
and Entrada Sandstone. Because the dominant ions in the water are calcium
and sulfate, possibly a large percent of the water produced by the well is
contributed from gypsum in the Todilto Formation.

The well was pumped for 24 hours beginning on December 20, 1978.
Discharge averaged 74 gallons per minute for the first 820 minutes of the
test but was decreased to 64 gallons per minute for the remainder of the
test. The water level could not be measured from 660 to 840 minutes and
1,155 to 1,410 minutes into the test because the water level was below the
access tubing in the well. Specific capacity calculated at the end of 660
minutes of pumping at 74 gallons per minute is 0.39 gallon per minute per
foot of drawdown. Transmissivity of the aquifer is about 55 feet squared per
day based on the first 100 minutes of drawdown data using the modified
nonequilibrium formula (Ferris, and others, 1962, p. 98) (fig. 5). Drawdowns
after 100 minutes of pumping appear to be affected by a barrier of 1less
permeable material. This barrier could be caused by a change in the number
of interconnected fractures in the Todilto Formation away from the well or by
intersecting of the aquifer by one of the igneous intrusives near the well.
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Two sinkholes and other evidence of solution and collapse near the Rio
San Jose valley between Laguna and Mesita indicate that solution porosity and
permeability may be present in this area. A sinkhole south of the
Jackpile-Paguate mine (10.5.14.234) probably is about 500 feet above the
soluble Todilto gypsum, indicating the former occurrence of a large solution
cavity. This sinkhole contains water at a depth of 50 feet.

Another sinkhole about 300 feet from Dipping Vat Spring (8.3.12.413)
probably is the result of the solution of Todilto gypsum and collapse of the
overlying Summerville Formation and Bluff Sandstone. The large flow from
this spring, averaging more than 500 gallons per minute, may be partly due to
solution permeability.

Summerville Formation—--The Summerville Formation of Middle Jurassic age
consists of alternating beds of mudstone and sandstone, which crop out from
the southwest corner to the east-central part of the Pueblo Proper (plate 2).
The Summerville Formation does not readily yield water to wells. Test wells
9.5.9.231 (Laguna 78-1) and 9.6.26.443 (Timia well), located south of the Rio
San Jose, showed that no water flowed from the Summerville Formation during
drilling. The log of well 10.6.33.213 (ECW 12) indicates that a small
quantity of water flowed from the Summerville Formation during drilling. No
other wells on the pueblo are known to obtain water from this unit.

Bluff Sandstone-—The Bluff Sandstone of Middle Jurassic age is present
beneath all Laguna lands except the southeast part of the Pueblo Proper,
along Acoma Creek, and small sections of the Sedillo Grant (plate 2). The
sandstone crops out in a wide band across the center of the pueblo and dips
to the north and northwest. The Bluff Sandstone consists of 200 to 400 feet
of very fine to medium-grained, moderate to well-sorted sandstone. An upper
eolian sandstone and a lower fluviatile sandstone can be recognized in some
areas. The upper eolian sandstone is named the Zuni Sandstone and the lower
fluviatile sandstone is named the Bluff Sandstone (C. H. Maxwell, U.S.
Geological Survey, written commun., 1973). Both units are termed Bluff
Sandstone in this report.

Most wells deriving water from the Bluff Sandstone are used to water
stock because of the generally small well yields and water quality
unacceptable for other uses. However, water suitable for public supply may
be obtained from the Bluff Sandstone in outcrop areas south of the Rio San
Jose valley. Yields are variable, however, ranging from less than 1/2 gallon
per minute in Transwestern Company wells and test holes (9.5.17.141 through
9.5.19.421 on table 1) to perhaps 30 gallons per minute or more in well
9.6.26.233 (RWP 24).
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The hydraulic properties of the Bluff Sandstone were tested on outcrop
areas south of Laguna in stock well 9.6.26.233 (RWP 24) and test wells
9.6.26.443 (Timia) and 9.5.9.231 (Laguna 78-1) (fig. 3 and tables 1 and 3).
Stock well 9.6.26,233 (RWP 24) was pumped for 8 hours at a rate of 5.1
gallons per minute, which resulted in lowering the water level in the well
1.1 feet (table 4). Transmissivity calculated from the test by the modified
nonequilibrium method (Ferris and others, 1962, p. 98) is about 450 feet
squared per day (fig. 6), a large value for the Bluff Sandstone. Drawdown
data collected during the first 8 minutes of the test were not used due to
fluctuations in the pumping rate.

A new test well, 9.6.26.443 (Timia), was drilled about 1/2 mile south of
stock well 9.6.26.233 (RWP 24) to verify the large yields and chemical quality
of the water in this area. However, the well produced less than 1 gallon per
minute from an interval that included not only the Bluff Sandstone but also
the Summerville Formation, Todilto Formation, and Entrada Sandstone
(table 3). This test 1indicates that the transmissivity of the Bluff
calculated for stock well RWP 24 may be the result of local f£fracture
permeability caused by igneous intrusives and faulting in the area (Moench,
1964b).

Test well 9.5.9.231 (Laguna 78-1) seems to confirm the results of the
Timia well test. Laguna 78-1 was drilled by cable~-tool method in the
sand-dune area south of Laguna, where less than 1 gallon per minute of water
was produced from the Bluff Sandstone. Apparently, when fractures are not
encountered, yields are minimal from this formation. Sustained yields from
wells, in general, may be expected to be less than 10 gallons per minute from
the Bluff Sandstone.
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Figure 6.--Water-level drawdown from test of well 9.6.26.233 (RWP-24).
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Morrison Formation——-The Morrison Formation of Late Jurassic age is present
beneath the northern one-half of the Pueblo Proper and all outlying lands
except the Jack Ward area. The Morrison crops out in areas shown on plate 2
and dips to the north and northwest into the San Juan Basin. The Morrison
Formation is divided into three members and one informal unit. In ascending
order the units are: (1) Recapture Member, composed of as much as 50 feet of
interbedded mudstone, siltstone, sandstone, and limestone; (2) Westwater
Canyon Member, composed of as much as 300 feet of fine- to coarse-grained
sandstone; (3) Brushy Basin Member, composed of as much as 300 feet of
interbedded mudstone, siltstone, sandstone, and limestone; and the Jackpile
sandstone (economic usage), as much as 200 feet of kaolinitic sandstone within
the Brushy Basin Member, which is restricted in location to a zone about 13
miles wide extending from Seama to the Major's Ranch area (Moench and Schlee,
1967).

The principal water-bearing units in the Morrison Formation are the
Westwater Canyon Member and sandstones in the Brushy Basin Member, which
include the Jackpile sandstone. Near Paguate, wells completed in the
Westwater Canyon and Brushy Basin Members presently produce water for
domestic, industrial, and stock uses. Most wells Za this area produce from 5
to 50 gallons per minute although well 11.5.27.322 (Anaconda 4) reportedly
was pumped at 100 gallons per minute. In the Major's Ranch and Montafio
areas, yields of several hundred gallons per minute may be possible from the
Westwater Canyon Member. The rate of ground-water pumpage from Kerr McGee's
Rio Puerco and Bokum's Marquez underground uranium mines averaged 1,400 and
1,030 gallons per minute during 1979 (New Mexico Envirommental Improvement
Division, 1980). Well 12.2.36.442 (Conoco WW-101) completed in the Westwater
Canyon was pumped in 1976 at an average rate of 1,212 gallons per minute (D.

K. Green and L. C. Halpenny, Water Development Corporation, written commun.,
1976).
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Figure 7.--Water-level declines in well 10.5.5.142 (MDH-771), 1974-79.
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The water level in well 10.5.5.142 (MDH-771), which is completed in the
Jackpile sandstone, declined 25 feet from December 1974 to December 1977, at
least partly in response to mine dewatering from Anaconda's underground
workings (fig. 7). Dewatering for Anaconda's P-10 underground mine began in
the fall of 1974 at a rate of 86,000 gallons per day and averaged 200,000
gallons per day during 1978 (U.S. Geological Survey, 1978). The water-level
decline in well MDH-771 from 1959 to 1979 was about 102 feet. Apparently
even before the start of underground mining in 1974, water levels had
declined, possibly as a result of ground-water discharging into the pits
excavated for the surface wining that began in the early 1950's.

Well 10.7.10.213 (Laguna 79-1) was drilled in 1979 in Seco Canyon on the
Mount Taylor area to test yields and water quality of the Morrison Formation
(fig. 3, tables 1 and 3). The aquifer of greatest interest was the Westwater
Canyon Member of the Morrison Formation because of the large quantity of
water yielded in the uranium mining areas west of the Pueblo of Laguna. A
second reason for drilling a deep test well at this location was to monitor
possible hydraulic-head declines in the Westwater Canyon Member due to
extensive pumping from this unit by the uranium mines. The well was drilled
to a depth of 1,330 feet and was open to the Dakota Sandstone and Westwater
Canyon Member.

To determine hydraulic properties, the well was pumped for 24 hours at
an average rate of 10 gallons per minute, which resulted in lowering the
water level in the well 128 feet (table 4). Transmissivity of the open-hole
section is 19 feet squared per day, calculated from the recovery data shown
in figure 8 using the Theis recovery formula (Ferris and others, 1962,
p. 100). The nonlinearity of the curve for recovery times of t/t' greater
than 10 was probably caused by the effect of well-bore storage. Therefore,

late-time data were used to calculate transmissivity. The late-time
drawdown data should have projected back to a residual drawdown of zero at
t/t' = 1. The apparent incomplete recovery shown in figure 8 indicates that

the hydrologic units supplying water may be of small size and therefore have
experienced a permanent lowering of the water level, at least until leakage
is received from adjacent units,
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The calculated transmissivity of 19 feet squared per day and well yield
of 10 gallons per minute were unexpectedly small, especially because the
formation samples of the Westwater Canyon Member showed it to be a
well-sorted sandstone and neutron logs indicated significant apparent
porosity. Possibly drilling mud had plugged the formation and was not
properly removed during development of the well.

An aquifer test was conducted on well 12.2.36.442 (Conoco WW-101) by
Continental 0il Company on the Montafho Grant. The well penetrated the entire
thickness of the Westwater Canyon between depths of 1,381 and 1,685 feet.
The well was pumped for 14 days at an average rate of 1,212 gallons per
minute, which lowered the water level 470 feet in the well (D. K. Green and
L. C. Halpenny, Water Development Corp., written commun., 1976).
Transmissivity of the Westwater Canyon determined from the aquifer test was
reported to be 240 feet squared per day; however, numerous faults in the area
act as hydrologic boundaries that make the test results difficult to
interpret.

Cretaceous System

On the Pueblo of Laguna, the Cretaceous System consists of the Dakota
Sandstone, the Mancos Shale, and the Mesaverde Group. The geologic units
with the greatest water—bearing capabilities are the Dakota Sandstone and
sandstone units of the Mesaverde Group.

Dakota Sandstone—--The Dakota Sandstone of Late Cretaceous age 1is present
beneath the northern section of the Pueblo Proper and parts of all outlying
Laguna lands (plate 2). The Dakota Sandstone is composed of four, fine- to
coarse-grained, well-consolidated sandstone beds separated by intertonguing
beds of Mancos Shale. Collectively, the sandstone beds range in thickness
from 0 to 200 feet (Moench and Schlee, 1967). The sandstones and interbedded
shales crop out in areas shown on plate 2 and dip to the north and northwest.

Most wells that penetrate the Dakota Sandstone yield 1less than 15
gallons per minute of water, which generally is used for stock purposes.
However, near Encinal the Dakota yields 10 to 50 gallons per minute of
potable water. Well 10.6.3,111 (Encinal 1), for example, is connected to the
Encinal public-supply system to augment the better quality spring source when
needed. Two aquifer tests were conducted by pumping wells 10.6.3.111
(Encinal 1) and 10.6.9.121 (Encinal 2) to better define the water resource in
the Encinal area.

Well 10.6.3.111 (Encinal 1) was drilled in 1964 in the valley of Encinal
Creek about 1 mile north of the wvillage of Encinal. Bailing tests conducted
by the driller in the open hole indicated a yield of at least 25 gallons per
minute from a combined thickness of about 235 feet of Dakota Sandstone and
Mancos Shale. After casing off all but the lower 25 feet of Dakota
Sandstone, a pumping test was conducted on Encinal 1 by the driller. The
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well was pumped for an unknown duration at 14 gallons per minute with 63 feet
of drawdown. The decrease in yield between the bailer test and pumping test
possibly was caused by casing off the upper beds of Dakota Sandstone. The
aquifer was tested again by pumping the well on November 17, 1978. The well
was pumped for 24 hours at a rate that decreased irregularly from 44 to
8 gallons per minute. The pumping resulted in lowering the water level in
the well 190 feet at the end of the test (table 4). Transmissivity of the
aquifer could not be determined from the data collected during the test due
to the irregular pumping rate.

Well 10.6.9.121 (Encinal 2) was drilled in 1964 about 1 mile west of
Encinal. The well yield reportedly was tested in 1964 by pumping "all day"
at 30 gallons per minute, which lowered the water level in the pumped well
only 1 foot. To estimate transmissivity of the Dakota Sandstone, the well
was pumped for 24 hours on November 8, 1978. The pumping rate decreased
irregularly during the test from 100 to 47 gallons per minute and averaged 54
gallons per minute (table 4). To analyze the test, pumping was separated
into 4 successive steps with average discharge rates of 100, 69, 60, and
50 gallons per minute. Transmissivity estimated from the recovery data using
the method of Harrill (1970, p. C212) is 2,000 feet squared per day (fig. 9).
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Tertiary and Quaternary Systems

The major water-bearing units in the Tertiary and Quaternary Systems are
the Mount Taylor basalt flows and unconsolidated valley-fill deposits of the
Santa Fe Group.

Basalt—-The combined flow from six springs that issue from basalt around
Mount Taylor is about 200 gallons per minute. These springs contribute water
with a specific conductance generally less than 300 micromhos to streamflow
in Encinal Canyon and Paguate Creek. The springs discharge about 100 gallons
per minute to Encinal Creek upstream from the village of Encinal.

Santa Fe Group~-The Santa Fe Group of Miocene, Pliocene, and Pleistocene age
is composed of unconsolidated sand, gravel, and clay. These sediments were
deposited in the Puerco fault zone on Sedillo Grant (plate 2). Wells
completed in the Santa Fe Group near Interstate Highway 40 just east of the
pueblo yield water with specific conductances ranging from 4,000 to 6,000
micromhos, which is suitable for stock use but not for domestic use or
irrigation. Wells penetrating a north-trending graben, which probably is
present under the Pueblo of Laguna in the vicinity of Cafada de los Apaches,
produce water with specific conductances ranging from 460 to 2,180 micromhos
(pl. 1). Well 9.2.24.230 (BIA Sedillo), drilled in 1980 by the U.S. Bureau
ot Indian Affairs in this graben, produced about 12 gallons per minute of
water with a specific conductance of 1,600 micromhos. This well is located
away from stream valleys, which could provide a source of local recharge.
Wells completed in the graben may yield 20 to 100 gallons per minute of water
containing dissolved-solids concentrations of between300 and 1,500 milligrams
per liter. This water probably is the best quality water in the Sedillo
Grant area.

Quaternary System

The major water-bearing units of the Quaternary System consist of
valley-fill deposits of basalt and alluvium.

Basalt—--Two basalt flows near the Laguna and Suwanee are present in the study
area (plate 2). The Laguna basalt flow originated from volcanic centers west
of pueblo lands and flowed eastward down the valley. The basalt is as much
as 60 feet thick and overlies 20 to 80 feet of alluvium. The Laguna flow
crops out from New Laguna to Mesita but is buried on Laguna lands west of New
Laguna by as much as 40 feet of more recent alluvium. The Suwanee basalt
flow, which originated about 7 miles south of the pueblo, is present between
Correo and Suwanee although locally it may be buried by a thin layer of
alluvium.
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Two springs (9.5.8.113 and 9.5.8.121) near Laguna discharge from the
base of the Laguna flow at a rate of 2 gallons per minute or less. These and
other seeps and springs from the Laguna basalt contribute to the perennial
flow in the Rio San Jose in this area. Several wells in the Rio San Jose
valley west of New Laguna may produce ‘part of their water from the Laguna
basalt flow.

Several springs issue from the Suwanee basalt flow near Correo where the
Rio San Jose has eroded into and through this unit., One of these, Suwanee
Spring, flowed approximately 100 gallons per minute in 1973. The specific
conductance of water from springs in this area averages about 4,000 micromhos
with only minor differences between springs.

Alluvium and basalt along the Rio San Jose-—-The valley of the Rio San Jose
ranges from 1/2 mile to more than 2 miles wide through the center of the
Pueblo Proper and Sedillo Grant (plate 2). ‘' The valley was cut mainly in
shales and sandstones of the Morrison Formation, San Rafael Group, and Chinle
Formation to depths as much as 160 feet below the present valley floor and
then filled in Quaternary time with deposits of alluvium and basalt. The
altitude of the base of the wvalley-fill deposits west of the village of
Laguna (fig. 10) was mapped based on data from 16 well logs.

The composition of the alluvial deposits is quite wvariable in both
vertical and lateral extent. The alluvium consists of wunconsolidated
deposits ranging in grain size from very fine sand to gravel. Clay layers,
which probably exist as discontinuous lenses, commonly are penetrated in test
drilling. Correlation of individual alluvial deposits between wells was not
attempted because of the wide spacing between wells and discontinuous nature
of the alluvial deposits.

The valley-fill deposits along the Rio San Jose comprise a significant
aquifer on the pueblo. The unconsolidated alluvial deposits and the basalt
flows that comprise the valley fill probably are the only known source of
ground water on the pueblo capable of supplying yields sufficient for
irrigation. In general, vyields from alluvium increase with increasing
saturated thickness and grain size. Relatively large saturated thicknesses
combined with large grain size at the mouths of Encinal Canyon and Cubero
Creek result in yields from 50 to 450 gallons per minute to public—-supply
wells and test holes in these areas.

Transmissivity of the valley fill west of New Laguna ranges from 290 to
17,000 feet squared per day based on aquifer tests at wells penetrating 40
to 138 feet of saturated aquifer thickness (table 4 and fig. 10). Hydraulic
conductivity of the valley fill based on these tests ranges from 2.4 to 300
feet per day (fig. 10), and specific capacity of the test wells ranges from
0.04 to 33.9 gallons per minute per foot of drawdown. A detailed account of
the results from six aquifer tests conducted in the Rio San Jose valley
during this study is presented in the following paragraphs.
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Well 10.7.36.424 (Laguna 76-1) was drilled about 3/4 mile north of
Seama (fig. 3). To test the aquifer properties of the valley fill, the well
was pumped at 140 gallons per minute. After pumping for 3 hours, the pump
stopped and the water level in the well recovered for 4.5 hours. The test
was started again and the well pumped for 20 hours at 140 gallons per
minute, resulting in a total drawdown of 8.5 feet from both pumping
periods. Transmissivity 'calculated from the drawdown data wusing the
modified non-equilibrium formula (Ferris and others, 1962, p. 98) is about
8,200 feet squared per day (fig. 1l1). However, recovery data indicate a
slightly greater transmissivity of 9,200 feet squared per day calculated by
the Theis recovery method (Ferris and others, 1962). The late-time recovery
data may indicate the presence of a boundary of lesser permeability but the
change in slope 1is slight so the data were included 1in the analysis. The
recovery data probably give a more accurate estimate of transmissivity
because of the difficulty in measuring drawdown in the pumped well.

Irrigation well 10.7.36.424a (Laguna Ir. 1) was pumped at rates that
ranged from 240 to 490 gallons per minute primarily to determine the
capacity of the well. The test was conducted for 24 hours, resulting in a
final drawdown of 86 feet while pumping at 490 gallons per minute. Specific
capacity of the well at the end of the test was 5.7 gallons per minute per
foot.

Well 10.7.36.322 (Laguna 76-2) was drilled in the Rio San Jose valley
about 1 mile northwest of Seama (fig. 3). The well was pumped for 24 hours
at an average rate of 80 gallons per minute to test the hydrologic
properties of the valley-fill material at this location. A maximum drawdown
of 53 feet was reached after pumping about 200 minutes, then the water level
rose about 8 feet for the remainder of the test (fig. 12). The rise in
water level may have been caused by a slight decrease in the pumping rate or
increase in well efficiency when the well began to produce sand. Because of
the possible change in well efficiency during the test and effects of nearby
boundaries and water—-table conditions, a transmissivity wvalue for the
aquifer was not determined for this test.

Well 9.6.5.222 (Laguna 76-6) was drilled in the Rio San Jose valley
about 1 mile southwest of Casa Blanca (fig. 3). The well was pumped for 24
hours at an average rate of 125 gallons per minute to test the aquifer
properties at this location. Drawdown and recovery of the water level was
observed in the pumped well and in stock well 9.6.5.221 (Acoya), located 413
feet away. Transmissivity and storage coefficient were estimated by the
Theis non-equilibrium method (Ferris and others, 1962, p. 92) using drawdown
data in the stock well, The estimated value of transmissivity is about
3,800 feet squared per day (fig. 13). The calculated value of storage
coefficient of 1.9 x 107" indicates that confined conditions existed for the
duration of the test, For longer periods of pumping, however, the aquifer
will become dewatered and a specific yield value of between .05 and .20
should be used in any estimates of long-term pumping effects.
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Figure 11.--Drawdown and recovery in well 10.7.36.424 (Laguna 76-1).
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Figure 12.--Drawdown and recovery of water level in well 10.7.36.322

(Laguna 76-2).
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Well 9.6.2.123 (Laguna 76-7) was drilled in the Rio San Jose valley
where Encinal Creek joins the Rio San Jose (fig. 3). The well was pumped for
24 hours at an average rate of 4.5 gallons per minute, which caused 105 feet
of drawdown in the pumped well. Transmissivity estimated from the Theis
recovery method (Ferris and others, 1962, p. 100) using data from the pumped
well 1is about 290 feet squared per day (fig. 14). About a year after
conducting the aquifer test, the well was cleaned and bailed at a rate of
about 20 gallons per minute with less than 5 feet of drawdown. This
indicates that the well was not properly developed when the initial aquifer
test was conducted. Therefore, the specific capacity value estimated from
that initial test probably is less than the actual value.

Well 10.6.35.342a (Laguna Ir. 2) was drilled by the U.S. Bureau of
Indian Affairs in 1977 in the Rio San Jose valley at the mouth of Encinal
Creek (fig. 3). To test aquifer properties at this location, the well was
pumped for 24 hours at a rate that ranged from 80 to 212 gallons per minute,
which resulted in lowering the water level in the well 31 feet.
Transmissivity of the aquifer was estimated to be about 15,000 feet squared
per day from early-time water—-level recovery data measured in well
10.6.35.342 (Pueblo Test 2) located about 130 feet from the pumped well
(fig. 15). The pumping rates during each of 4 steps (80, 120, 165, and 200
gallons per minute) were used in the calculation of transmissivity by a
method described by Harrill (1970, p. C212). The late—time recovery data
appear to be affected by a hydrologic boundary of lesser permeability,
possibly the valley wall, which is less than 1/2 mile from the pumped well.

Alluvium along the Rio Puerco--The alluvium near the Rio Puerco on Montano
Grant is reported to be as much as 250 feet thick (Gene Saucier, Continental
0il Company, oral commun., 1973). Although yields of as much as 100 gallons
per minute may be possible along the Rio Puerco valley, the specific
conductance value of the water probably exceeds 6,000 micromhos at most
places, which indicates the water quality would be unacceptable for irrigation
or public supply.

Alluvium along the Rio Paguate--The alluvium is about 60 feet thick near the
two Paguate public-supply wells, 11.5.32.234a (Paguate P.S. 1) and
11.5.32.232 (Paguate P.S. 2). The wells have been pumped at rates of 90 and
75 gallons per minute, respectively. During this study, however, only the
Paguate P.S. 2 well was in use., It pumped 53,000 gallons of water per day
during August 1-8, 1979, and was estimated to produce about one-half that
quantity during winter months when demand was less (Norm Fairbanks, Indian
Health Service, written commun., 1979).

Additional development of ground water in the alluvium along the Rio
Paguate is possible. Presently, as much as 250 gallons per minute of water
is lost to evapotranspiration in the swamp area in the vicinity of the
public-supply wells.
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Figure 14.--Water-level recovery from test of well 9.6.2.123

(Laguna 76-7).
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Alluvium in Encinal Canyon—-Two wells were drilled in alluvium in Encinal
Canyon about 2 miles up the canyon from the village of Encinal (fig. 3 and
table 3). The drilling was performed to determine if the springflow at the
head of Encinal Canyon that seeps into the alluvium could be salvaged by
pumpage.

Well 11.6.27.334 (Encinal Canyon 1) penetrated 35 feet of alluvium and
75 feet of Mancos Shale. The well produced water containing 1,570 milligrams
per liter of dissolved solids from a 3- to 5-foot zone at the base of the
alluvium. The well was dry after 100 minutes of bailing at an average rate
of 5.3 gallons per minute. Of the 530 gallons of water bailed from the hole,
about 300 gallons were provided from water stored in the borehole. The water
level in the well rose 4.3 feet from July 1978 to June 1979, probably as a
result of recharge from stormflow and snowmelt runoff in Encinal Creek.

Well 11.6.34.134 (Encinal Canyon 2) penetrated 31 feet of alluvium and 4
feet of Mancos Shale. Less than ! foot of alluvium appeared to be saturated
at the contact with the Mancos Shale. The well was bailed dry after removing
only 10 to 15 gallons of water, most of which probably came from borehole
storage. Specific conductance of the water was 950 micromhos.

Alluvium in Seco and Castillo Canyons—-Wells were drilled in Seco and
Castillo Canyons on the Mount Taylor area of Laguna lands to test the quality
and yields of the unconsolidated valley fill (fig. 3). These valleys were
investigated because springflow and storm runoff could provide recharge to
the alluvium.

Well 10.7.10.122 (Seco Canyon 1) penetrated 35 feet of alluvium near the
mouth of Seco Canyon. The well produced only 10 gallons of water in about 12
hours. The specific conductance of water from the well was 3,000 micromhos.

Well 11.7.35.243 (Castillo Canyon 1) penetrated alluvium to a depth of

40 feet, Gallup Sandstone from 40 to 60 feet, and Mancos Shale from 60 to 75
feet. The alluvium did not produce water at this site.

Movement, recharge and discharge

Aquifers on the Pueblo of Laguna are recharged by precipitation,
streamflow and leakage from adjacent geologic units. Water moves through the
aquifers to discharge as springflow, evapotranspiration, leakage to adjacent
units, and ground-water withdrawals. An understanding of the ground-water
flow system is necessary to determine areas on the pueblo where adequate
supplies of potable water may be found.
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Bedrock aquifers

The general horizontal direction of ground-water movement can be
determined from potentiometric-surface maps of the Chinle Formation, Entrada
Sandstone, Bluff Sandstone, and Morrison Formation shown in figures 16
through 19. It can be assumed that water flows at right angles to the
potentiometric contours. Flow directions illustrated by arrows on the
potentiometric maps show that the shallow water moves toward the Rio San Jose
in most areas. Flow directions in the Puerco fault =zone generally are
eastward into the Rio Grande trough.

The flow directions shown in figures 16 through 19 illustrate only the
horizontal component of ground-water movement. In the study area, the
vertical component (upward or downward movement) also is important,
especially as it affects water quality. Possible directions of ground-water
movement in two geologic sections are shown on plate 3.

Bedrock aquifers of Permian age beneath the pueblo probably are
recharged by streamflow and precipitation on outcrop areas in the Grants
area, about 20 miles west of the Pueblo of Laguna. Based on water levels in
that area and in wells 11,5.14.241 (L-Bar 2) and 9.5.12.442 (Mesita Test),
ground water moves southeast across the pueblo with an average gradient of
about 20 feet per mile. Discharge to overlying units takes place mainly in
the Puerco fault zone where fractures allow upward movement of water from the
Permian units. The excessively mineralized springflow in the Montallo and
Sedillo Grants is due to this discharge. Ground water also is probably
discharged to the Santa Fe Group, which fills the Rio Grande trough.

The Chinle Formation, of Triassic age, 1is recharged mainly by
precipitation on outcrop areas along Arroyo Colorado. Inflow of water to the
formation also occurs by upward leakage from Permian rocks. Water movement
probably is mostly in the vertical direction in the Petrified Forest Member.
The Correo Sandstone Bed in the Petrified Forest Member probably is recharged
by precipitation on outcrops and discharges to the alluvium along the Rio San
Jose.

Jurassic aquifers south of the Rio San Jose probably are recharged for
the most part on and to the southwest of the pueblo where the units crop out.
Ground-water flows northeast and discharges into the alluvium along the Rio
San Jose. Jurassic aquifers north of the Rio San Jose probably are recharged
west of Mount Taylor by precipitation on outcrops and by leakage from the
overlying Cretaceous sandstones. Some discharge is to the Rio Paguate and
Rio Moquino where they join in the Jackpile-Paguate Mine and to the Rio San
Jose valley west of Mesita. Discharge from the Jurassic units also occurs
where ground water is withdrawn by the Anaconda Company to operate the
Jackpile—-Paguate Mine. These withdrawals averaged about 250,000 gallons per
day during 1978.
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Figure 16.--Potentiometric surface and specific conductance of water

in the Chinle Formation.
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Figure 17.--Potentiometric surface and specific conductance of water in

the Entrada Sandstone.
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EXPLANATION FOR FIGURE 18

e WELL--Derives water mainly from the Bluff Sandstone
. SPRING--Derives water mainly from the Bluff Sandstone

_—~POTENTIOMETRIC CONTOUR--Shows altitude at which water level
58007 would have stood in tightly cased wells, 1973-79. Dashed
vhere approximately located. Contour interval 100 feet.
Datum is sea level.

> APPROXIMATE DIRECTION OF GROUND-WATER FLOW

SPECIFIC CONDUCTANCE OF WATER, IN MICROMHOS PER CENTIMETER
AT 25° CELSIUS

7
<1000 7724 1000-3000 ///’:>3ooo
IDENTIFIER NAME OF WELL LOCATION SPECIFIC
OR SPRING NUMBER CONDUCTANCE
IN_MICROMHOS
1 KEMP SANTIAGO
SPRING 8.6.3.243 460
2 DRIPPING SPRING 8.6.18.232 340
3 - 9.5.8.121 2800
4 TEST HOLE 2 9.5.19.234 510
5 TEST HOLE 3 9.5.19.421 370
6 MOONEY 9.6.4.243 2590
7 STANDARD 9.6.4.433 4200
8 TRANSWESTERN 2 9.6.13.322 1110
9 TRANSWESTERN 1 9.6.13.343 1150
10 - 9.6.16.122 4000
1" RWP-24 9.6.26.233 460
12 TURQUOISE SPRING | 9.6.28.122 440
13 COYOTE SPRING 9.6.36.144 900
14 ECW-3 9.3.29.414 4000
15 RWP-32 10.4.36.224 2810
16 SINKHOLE 10.5.14.234 2310
17 RWP-1 10.5.33.333 650
18 GOYEA SPRING 10.5.36.331 180
19 RWP-17 10.6.29.244 —
20 ECW-12 10.6.33.213 2810
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Figure 19.--Potentiometric surface and specific conductance of water in

the Morrison Formation.
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EXPLANATION FOR_FIGURE

19

® WELL--Derives water mainly from the Morrison Formation

o SPRING--Derives water mainly from the Morrison Formation

__ —6000— POTENTIOMETRIC CONTOUR--Shows altitude at which water level

would have stood in tightly cased wells, 1973-79.

Dashed

where approximately located. Contour interval 100 feet.
Datum is sea level.

SPECIFIC CONDUCTANCE OF WATER,

AT 25° CELSIUS

APPROXIMATE DIRECTION OF GROUND-WATER FLOW

IN MICROMHOS PER CENTIMETER

‘g V.
<2000 F222] 2000-3000 4?;2 >3000
IDENTIFIER | NAME OF WELL, SPRING | LOCATION | SPECIFIC
OR MINE NUMBER CONDUCTANCE
IN MICROMHOS

S CHEROMIAH SPRING 10.4.12.342 | 4,000
2 HOUS ING- 1 10.5.2.134 2,200
3 HOUS ING-2 10.5.2,143 2,250
i P-10 10.5.4.323 1,650
5 MDH-771 10.5.5.142 1,350
6 PAGUATE SHOP 10.5.9.223 1,900
7 SPRING 15 10.5.28.332 | 1,500
8 FROG POND SPRING 10.6.25.2k2 | 1,670
9 LAGUNA 79-1 10.7.10.213 | 2,000
10 ECW-4 11.4.26 444 | 2,500

1 LJ-205 11.5.13.112 590 %
12 ANACONDA- 1 11.5.2k.213| 1,750
13 ANACONDA- 11.5.27.322 | 1,200
1h - 11.5.29. k44 1,900
15 PUEBLO TEST 3 11.5.30.422 670
16 JACKPILE SHOP 11.5.35.442 | 1,950
17 CONOCO 65-A 12.1.30.324 | 12,900
18 CONOCO WQ-7 12.1.31.3314 11,800
19 CONOCO OW-192 12.2.36.521 | 12,800
20 CONOCO W-101 12.2.36.442 | 11,000
21 RI0 PUERCO MINE 12.3.18.000 1,770
22 MARQUEZ MINE 13.5.36.000 1,650

% Milligrams per liter of dissolved solids
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Cretaceous units cap high mesas on the pueblo. Recharge to these units
mainly is from precipitation and streamflow on outcrops and from leakage
through overlying basalts. These units discharge to the Rio Moquino upstream
from the Jackpile-Paguate Mine, to the Rio Paguate upstream from Paguate, as
springflow around mesas, and to underlying geologic units.

Valley-fill aquifers

Rio San Jose Valley--Movement of water in the valley-fill deposits of
alluvium and basalt is predominantly down the wvalley. 1In the Rio San Jose
valley, between the western boundary of the pueblo and New Laguna,
ground water flows down valley at a gradient of about 18 feet per mile (fig.
20). Cross-valley components also exist where ground water is recharged from
or discharged to the Rio San Jose. Flow is toward the Rio San Jose at the
western end of the valley where ground water discharges to the stream. East
of Casa Blanca, where the stream recharges the aquifer, ground water moves
cross—valley away from the stream.

Water in the wvalley f£ill is recharged by infiltration through the
streambed of the Rio San Jose, seepage from tributary streams, and to a
smaller extent from irrigation return flows, upward discharge of water from
bedrock units, and downward percolation of precipitation.

Recharge to the valley fill aquifer takes place along several reaches of
the Rio San Jose (fig. 21). The major recharge areas are from Casa Blanca
diversion to New Laguna (average loss in streamflow of 0.26 cubic foot per
second per mile), Mesita diversion to Correo (average loss 0.23 cubic foot
per second per mile), and from Dipping Vat Spring to the Rio Puerco (average
loss 0.35 cubic foot per second per mile).

Seepage from tributary streams also is an important source of recharge
to the valley fill along the Rio San Jose because of the potability of the
tributary flow. Cubero Creek, for example, loses an average of 0.30 cubic
foot per second of water containing 450 to 520 milligrams per liter of
dissolved solids to the valley fill near New York. An unknown volume of
stormflow runoff in Cubero Creek also recharges the alluvium. Average yearly
runoff in Cubero Creek is estimated to be 1.0 cubic foot per second based on
physical characteristics of the drainage basin as described by Borland
(1970). Stormflows in Encinal Creek also recharge the valley fill at the
mouth of the creek with potable water. Mean annual flow in Encinal Creek
estimated from basin characteristics is about 0.89 cubic foot per second.
The volume of recharge to the valley fill is not known but is eXpected to
vary considerably from year to year.
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DISTANCE DOWNSTREAM FROM HORACE SPRINGS, IN RIVER MILES
Figure 21.--Average winter discharge in the Rio San Jose calculated from
miscellaneous measurements at selected sites between Horace

Springs and Rio Puerco (1974-79).

Water in the valley fill discharges to the Rio San Jose and directly to
the atmosphere through evapotranspiration. The gaining reaches of the Rio
San Jose, between the western pueblo boundary and Casa Blanca diversion (0.02
cubic foot per second per mile) and between Correo and Dipping Vat Spring
(0.52 cubic foot per second per mile), are discharge areas for the valley
fi1l (fig. 21). Large volumes of ground water also are lost to
evapotranspiraton although exact quantities are difficult to estimate. The
volume of water transpired by plants probably is greatest along the channel
of the Rio San Jose where phreatophytes are abundant. The annual consumptive
use calculated for salt cedar for an area with climatic conditions similar to
Laguna is 51.4 inches (Blaney and Hanson, 1965, p. 47). Using this rate and
assuming that salt cedars cover an area about 200 feet on each side of the
stream, ground-water losses to transpiration in the wvalley west of the
village of Laguna would be about 3.4 cubic feet per second.

Large volumes of surface water also are evapotranspired from New Laguna
Reservoir and the surrounding swampy area. Evapotranspiration from this
400-acre area may be as much as 2.4 cubic feet per second.

Ground-water withdrawals also account for a small volume of discharge
from the wvalley fill. During summer months, wells near New York and Seama
withdraw about 370 gallons of water per minute for public supply. During the
irrigation season, two wells near New Laguna withdraw a combined total of as
much as 575 gallons per minute.
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Water levels in wells completed in the valley fill fluctuate in response
to recharge and discharge. Water levels in wells 10.6.35.322 (Pueblo Test 1)
and 10.6.35.342 (Pueblo Test 2) rose from 1966 to 1968, probably in response
to recharge from stormflows in Encinal Creek (fig. 22). The larger increase
measured in Pueblo Test 1 was probably because the well is nearer the creek.
The discontinuation of pumpage from well 10.6.35.324 (New Laguna P. S.) in
1974 may have stopped the water-level declines in Pueblo Test 1. Water
levels in well 10.7.35.232 (Ir.Test 6), located near the western pueblo
boundary, showed no apparent trend from 1960 to 1979.

Water—-level fluctuations for wells in the New York-Seama area are shown
in figure 22. Steady declines have been recorded in wells 10.7.36.322
(Laguna 76-2), 10.7.36.424 (Laguna 76-1), 10.7.25.432 (Abandoned New York),
and 10.7.36.221 (New York 1) since 1976. The declines are probably in
response to ground-water withdrawals for the Laguna public supply from wells
10.7.36.221 (New York 1), 10.7.36.212 (New York 2) and 10.6.31.434 (Seama
P.S.). Water levels in well 9.6.6.211 (Seama-Mesita) show no apparent
downward trend despite its location less than 1/4 mile southwest of the Seama
P.S. well. Possibly, pumpage from Seama P.S. well is derived to a large
extent from induced infiltration from the Rio San Jose.

Water levels in well 9.6.5.222 (Laguna 76-6), 9.6.2.123 (Laguna 76-7)
and 10.7.36.322 (Laguna 76-2) illustrate the seasonal fluctuations that exist
to some extent everywhere in the valley (fig. 22). The fluctuations probably
are due to changes in pumping and evapotranspiraton rates, changes in the
stream stages in the Rio San Jose, and changes in the amount of recharge from
Encinal Creek.

Rio Paguate valley--Ground water in the alluvium along the Rio Paguate is
hydraulically connected to streamflow in the Rio Paguate and the bedrock
aquifers that bound the valley fill. Upstream from the village of Paguate,
the stream recharges the alluvium with potable water containing between 190
and 590 milligrams per liter of dissolved solids. Measurements of winter
streamflow, when irrigation withdrawals were not taking place, indicate an
average streamflow loss of about 300 gallons per minute from a point about 2%
miles northwest of the village of Paguate to the State Highway 279 bridge.
About 30 gallons per minute of the recharge is pumped from the alluvium near
Paguate for public supply of the village.

The remainder of the recharge from the stream probably 1is lost to
transpiration in the marshy area near the public-supply wells. Assuming a
consumptive use by grasses of about 30 inches per year (Blaney and Hanson,
1965, ©p. 62) and a marshy area of about 160 acres, water loss to
evapotranspiration is about 250 gallons per minute. In addition, ground
water is withdrawn for public supply in this area at an average rate of about
30 gallons per minute. More wells withdrawing water at a combined rate of as
much as 250 gallons per minute might lower the water table and decrease the
water lost to transpiration. This action, however, would dry up the marshy
area, which may be an important wetland habitat for wildlife. Downstream
from Paguate, water quality in the alluvium becomes more mineralized as water
from Jurassic sandstones discharge to the alluvium.
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Ground—-water use

The main water system on the Pueblo of Laguna supplies the residents
along the Rio San Jose from wells that derive water from the alluvium in the
New York—-Seama area. Production from wells 10.7.36.221 (New York 1),
10.7.36.212 (New York 2), and 10.6.31.434 (Seama P.S.) totaled about 370
gallons per minute during August 1-8, 1979 (Norm Fairbanks, Indian Health
Service Field Engineer, written commun., 1979). Water consumption by the
valley residents was approximately 100 gallons per day per person during this
period. The water use by valley residents was estimated to be about one-half
this quantity during winter months when gardens and lawns are not being
watered.

The village of Encinal obtains about 100 gallons per minute of water for
public supply from Encinal Spring, which issues from basalt flows near Mount
Taylor. Water use at Encinal has not been measured, but based upon per
capita consumption by valley residents, the residents of Encinal probably
only use 15 to 30 gallons per minute of the springflow for domestic purposes.
The remaining 70 to 85 gallons per minute is either used for other purposes,
such as irrigation, or allowed to seep into the alluvium along Encinal Creek.

The wvillage of Paguate obtains water from public—-supply wells
11.5.32.234a (Paguate P.S. 1) and 11.5.32.232 (Paguate P.S. 2), which are
completed in the alluvium along the Rio Paguate. In August 1979, the Paguate
P.S. 2 well was pumped 12 hours per day at an average rate of 73 gallons per
minute. Water use during August for the Paguate residents averaged 54 gallons
per day per person. The Paguate P.S. 1 well was pumped only occasionally
during this study.

The old village of Mesita obtains water from well 9.5.13.233 (Mesita
P.S.), which produces from the Entrada Sandstone and Correo Sandstone Bed of
the Petrified Forest Member of the Chinle Formation. On the average, the
well is pumped for 2 days every 2 weeks at a rate of 10 gallons per minute to
fill a 30,000-gallon storage tank. Per capita consumption measured during
August 1-8, 1979, averaged 20 gallons per day.

The E1 Paso Natural Gas Company uses water for domestic and industrial
purposes from wells 9.5.24.414 (El Paso Natural Gas 2) and 9.5.24.413 (El
Paso Natural Gas 3), which produce from the Correo .Sandstone Bed of the Chinle
Formation. ©Pumpage from the two wells ranges from less than 1 gallon per
minute during winter to as much as 25 gallons per minute during summer (Pat
Adkins, E1 Paso Natural Gas Co., oral commun., 1979).
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Water is pumped from sandstone units of the Brushy Basin Member of the
Morrison Formation for industrial and domestic uses by the Anaconda Copper
Company near Paquate. Water also is pumped to dewater the P-10 underground
uranium mine. Approximate total pumpage for 1978 by Anaconda is summarized
below (U.S. Geological Survey, 1978; Meade Stirland, The Anaconda Company,
written commun., 1978):

Source of pumpage Discharge rate (gallons per day)
P-10 Mine 200,000
Well (Paguate Shop) 12,400
Well (P-10 well) 17,800
Well (Jackpile Shop) 400
Well (Anaconda 4) 15,500
Total 246,100

Water for irrigation is pumped during summer months from the alluvium
along the Rio San Jose at wells 10.7.36.424a (Laguna Ir. 1) and 10.6.35.342a
(Laguna Ir. 2). During the irrigation season, Laguna Ir. 1 pumps about 25
hours per week at 400 gallons per minute, and Laguna Ir. 2 pumps about
25 hours per week at 175 gallons per minute (Denny Fic, Pueblo of Laguna,
oral commun., 1981).

SURFACE WATER

Nearly all Laguna lands are drained by the Rio San Jose, which flows
eastward through the center of the pueblo and joins the Rio Puerco about
24 miles east of Correo. Major tributaries of the Rio San Jose on the Pueblo
of Laguna are Cubero Creek, Seama Creek, Encinal Creek, Acoma Creek, Rio
Paguate, Arroyo Conchas, and Arroyo Colorado. Cubero Creek, Encinal Creek,
and Rio Paguate, which drain the southeastern flank of Mount Taylor are
sustained by spring flow and are perennial in their wupper reaches. Other
tributary streams flow only in response to storms or snowmelt.

Locations of water—quality and streamflow—gaging sites are shown in

figure 23, Streamflow measurements and water—quality data for these sites
are listed in tables 9 through 13.

44



*$911S BulJO} jUOW J2IBM_2DB4INS JO UO|1IED0T--"¢Z 24nby4

T I
~—— 1 SY3IL3IWOTUN Ol S o o>J3ng ofy 18 02304 O1Y /|
. - a1 4 i . 024103 je asof ueg ojy ‘g9
Ll S3ITIW Ol (o] : .. (9L-GL61 Saedh iaiem *spiodal
AWy, . MO{ JwedJls SNONUIIUOD) UOISUIA|Q B3 |SaW G
- ‘& %a weq 23enbeyd 1e azenbeg o1y ‘4|
& } duilw 3enbed-a||dyder wody weasisumop 3enbeyd o
Y d oly g}
K3 (\) auiw ajenbed.a|1dyoer wosy weasysdn ouinboy o1y ‘7t
:Aﬁ O d/ aulw a3enbeg.a|dyser EOC»Emo._umn: a3enfeq o1y ‘1
< 0 M - Q- (1y-L€61 s1eak sazem ‘spiodas mo[y
CEMY m xv/ INJNOm.m._' \.:\om -weau3s snonujluod) @3enbey aaoqe aienbeyg oly ‘Qf
VS3IW = . oo oy \ Ap weq eunbe may *§
= e O lom gy hw,u (6€-LEGL SIeDA 123EM ‘SPJIODBU MO JWEIJIS
B 3 o o SNONU}JUOD) edue|g ese) Jeau %aal) [eujosuy -
<« * 0 ) 8
TR Im...\ﬁ\,rm 3L1Nn8 Uo|suaAlQ eOUB|g Ese) ‘/
HO013d freou ﬁumu oJ43gn) .m
4epunog eunfeq.ewooy °
- Uo|SIaA|Q BWEIS ‘4
.UEQQ?. UOIS4aA|Q B3 lwody °f

uoysiaaig sAjse)on g
Sjuedn JeayN S50P URS OfY ‘i

IWYN 39914
NOI1V1S NO
o
aqw\\\ ECLILL
110A2353Y v JLIS ONIDYD MOT4WVIWLS QIANILNOGISIO W'
ounbo7 MIN 311S ONIYNSYIW ALITVAD-YILYM 31001433 A

\\Q\_kMu.mm\ 311S ONTYNSYIW-MOTIWYIYLS J1001¥3d 7
owods 311S ONIDVI-MOTIWYIULS SNONNIINGD W

NOILVYNY Td X3

muu.t%%
39010/

o
19p14 uos

J101Ao{ junoiN
»*

St
ob€

00
oS¢

1

,000201

S¥0l0l

45



Flow in the Rio San Jose

The majority of flow in the Rio San Jose is sustained by Horace Springs,
which have an average discharge of about 5 cubic feet per second from the
valley fill about 16 miles west of Seama. The ephemeral runoff upstream from
Horace Springs contributed about 80 acre-feet per year (or less than 2
percent of the total streamflow) from 1969 through 1978 at the gaging station
near Grants (08343500). Runoff, however, may have been greater prior to
surface- and ground-water use in the Grants—Bluewater area, which began in
the 1870's (Risser, 1982).

An additional component of the total flow is the wastewater effluent
discharged by the city of Grants into the channel of the Rio San Jose. The
effluent travels about 8 miles between Grants and Horace Springs. About 1 to
2 cubic feet per second of wastewater reaches Horace Springs. The streamflow
downstream from Horace Springs consists of a mixture that 1is about 60 to
90 percent springflow and 10 to 40 percent wastewater.

The annual streamfiow of the Rio San Jose downstream from Horace Springs
averaged 4,710 acre-feet during water years 1937 through 1978 (fig. 24). The
constancy of the flow throughout the 52 years is due to the large springflow
contribution. Downstream, the flow in the Rio San Jose becomes quite
variable due to extensive use of the stream for irrigation during summer
months, tributary inflow, and natural gains and losses to and from the
alluvium. Gaining and losing reaches of the stream are shown for
non-irrigation and non-storm periods on figure 21. Major gains in streamflow
from ground-water discharge take place at Horace Springs (5.0 cubic feet per
second) between Horace Springs and McCartys (2.7 cubic feet per second),
between Acomita and Seama diversions (0.8 cubic foot per second), and between
Correo and Dipping Vat Springs (3.4 cubic feet per second). Losing reaches
occur from Casa Blanca diversion to New Laguna Dam (1.0 cubic foot per
second) and from Mesita diversion to Correo (3.2 cubic feet per second).

Non-storm winter streamflow entering the pueblo in the Rio San Jose
averages about 8.5 cubic feet per second. This amounts to about 3,600
acre-feet during the non-irrigation season (October through April). The
volume of non-storm runoff entering the pueblo during summer months is
difficult to estimate because of extensive use of the water for irrigation on
the Pueblo of Acoma. However, miscellaneous streamflow measurements made
where the Rio San Jose enters the Pueblo of Laguna average 2.3 cubic feet per
second frofh May through September (table 12). These measurements include
water in irrigation ditches entering the pueblo, which probably contains some
water released from Acomita Lake in addition to flow diverted from the Rio
San Jose. The average non-storm flow in the Rio San Jose available during
the growing season from May through September is about 700 acre-feet.
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Figure 24.--Average annual discharge of the Rio San Jose

and the Rio Puerco.
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Storm runoff is a large part of the total flow of the Rio San Jose on
Laguna lands. The volume of storm runoff entering the pueblo is unknown but
is at least as much as the 80 acre-feet per year measured at the gaging
station near Grants (08343500), Records for the Rio San Jose near Casa
Blanca upstream from New Laguna Dam for water years 1937 through 1941 show
that storms contributed an average of about 2,000 acre-feet per year
(U.S. Geological Survey, 1960, p. 472). Farther downstream, stormflows are
an even greater part of the total flow. For example, about 48 percent, or
5,400 acre-feet, of the annual streamflow measured at the discountinued
gaging station near Laguna (08350500) was contributed by summer stormflows
(fig. 25). At fLorreo, about 6,400 acre-feet per year, or nearly 80 percent
of the annual flow of the Rio San Jose, is contributed by storms from July
tarough October.

Duration curves illustrate the distribution of recorded streamflow of
the Rio San Jose (fig. 26). There was no flow near Laguna and at Correo as
much as 28 and 60 percent of the time. The steepness of the curves for all
stations except the one near Grants indicates the extreme variability of
streamflow.

Flow in tributaries of the Rio San Jose

All tributaries are ephemeral at their confluence with the Rio San Jose.
However, Rio Paguate, Cubero Creek, and Encinal Creek are perennial in their
upstream reaches, losing flow by seepage to streambed sands and gravels and
by evapotranspiration before reaching the Rio San Jose.

Rio Paguate

Streamflow in the wupstream reaches of the Rio Paguate mainly is
sustained by spring discharge from basalt and colluvium. Mean—-daily
streamflow gaged at the Pueblo of Laguna boundary during the 1937-41 water
years ranged from 0.2 to 174 cubic feet per second and averaged 1.6 cubic
feet per second (fig. 27). An average discharge of 1.0 cubic foot per second
calculated by excluding the abnormally wet year of 1941 probably is a more
representative value of normal streamflow. The 12 miscellaneous discharge
measurements recorded from 1975 through 1979 also average 1.0 cubic foot per
second (tables 9 and 12).

The flow of 1.0 cubic foot per second represents about 400 acre-feet of
str<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>