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CONVERSION FACTORS

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

Multiply inch-pound units By To obtain metric units

inch 25.40 millimeter

foot 0.3048 meter

mile 1.609 kilometer

acre 4,047 square meter

acre-foot 1,233 cubic meter

gallon 0.003785 cubic meter

pound per acre per year 0.1836 kilogram per hectare per
year

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

°C = 5/9 (°F - 32)

Sea level: In this report "sea level” refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929) =-- a geodetic datum derived from a

general adjustment of the first-order level nets of both the United States and
Canada, formerly called "Mean Sea Level of 1929."



RECONNAISSANCE OF HYDROLOGY, LAND USE,
GROUND-WATER CHEMISTRY, AND EFFECTS OF LAND USE ON
GROUND-WATER CHEMISTRY IN THE ALBUQUERQUE-BELEN
BASIN, NEW MEXICO

By Scott K. Anderholm

ABSTRACT

In 1984, the U.S. Geological Survey began regional assessments of ground-
water contamination in 14 areas, one of which was the Albuquerque-Belen
basin, The purpose of this reconnaissance study is to provide information
about hydrology, land use, ground-water chemistry, and the effects of land use
on ground-water chemistry in the basin,

Ground-water recharge occurs along the basin margins. Ground water flows
from the basin margins toward the basin axis and then southward. Ground-water
discharge occurs as evapotranspiration in the Rio Grande valley, pumpage, and
ground-water flow to the Socorro basin, the alluvial basin to the south.

A map delineating land use was prepared for the entire basin. A more
detailed 1land-use map was prepared for the Rio Grande valley near
Albuquerque, Open-space land use, which primarily is used for grazing
livestock, occupies the majority of the basin. In the Rio Grande valley,
agricultural and residential land uses are predominant; in the area near
Albuquerque, the 1land also 1is wused for commercial, 1institutional, and
industrial purposes.

The Albuquerque-Belen basin was divided into seven zones on the basis of
water chemistry., These water-chemistry zones indicate that large variations
in water chemistry exist in the basin as the result of natural processes,

Ground water in the majority of the Albuquerque-Belen basin has a
relatively low susceptibility to contamination because the depth to water is
greater than 100 feet and there is virtually no natural mechanism for recharge
to the ground-water system. Ground water in the Rio Grande valley has a
relatively high susceptibility to contamination because the depth to water
generally is less than 30 feet and there are many types of recharge to the
ground-water system,



On the basis of possible contaminants associated with types of land use,
the basin was divided into areas with low or high susceptibility to
contamination resulting from human activities. Ground water in the majority
of the basin (open-space land use) has a relatively low susceptibility to
contamination. Ground water in the Rio Grande valley has a relatively high
susceptibility to contamination.

Changes in land use may cause changes in the chemical composition of
recharge to the ground-water system., Dissolved-iron concentrations in the Rio
Grande valley near Albuquerque are greater than dissolved-iron concentrations
in areas adjacent to the Rio Grande valley near Albuquerque. These relatively
large concentrations may result from the change from agricultural land use to
residential land use. Recharge associated with agricultural land use is
relatively oxidized because the water is in equilibrium with the atmosphere,
whereas recharge associated with residential land use (onsite waste-disposal
effluent) 1is relatively reduced and has larger concentrations of organic
carbon, biological oxygen demand, and <chemical oxygen demand. The
constituents in the onsite waste~disposal effluent could cause reducing
conditions in the aquifer and the subsequent dissolution of iron and manganese
oxides. Trace metals adsorbed to these iron and manganese oxides could be
remobilized in ground water after dissolution of the oxides.

INTRODUCTION

Relatively rapid 1increases in population in the southwestern United
States have resulted in increases in urban areas and increases in demand for
ground water for public supply. Ground-water contamination has become a topic
for public concern in the arid Southwest because of the limited supplies of
surface and ground water.

The alluvial-basins ground-water region occupies a large area in the
western and southwestern United States and is the driest region in the United
States (Heath, 1984, p. 24). The Albuquerque-Belen basin is representative of
the alluvial-basins ground-water region defined by Heath (1984). The mean
annual precipitation at the Albuquerque airport 1is 8.61 inches, although
annual precipitation in the mountainous areas adjacent to the basin is as much
as three times greater (Gabin and Lesperance, 1977).

The basin-fill aquifer 1in the Albuquerque-Belen basin consists of
interbedded gravel, sand, silt, and clay and is part of a complex stream-
aquifer system that has been extensively developed in parts of the basin for
irrigation, domestic, and municipal water supply. In order for State and
local officials to make sound planning decisions related to the water
resources in the basin, it is important to understand the effects of increased
population and the effects of human activity on the hydrologic system and on
ground-water chemistry.



This study is one of 14 studies that 1is part of the U.S. Geological
Survey's Toxic Waste--Ground-Water Contamination Program. The national
program 1s being conducted to develop methods that will help to assess the
quality of the Nation's ground-water reserves and the nature and extent of the
ground-water contamination problem (Helsel and Ragone, 1984).

Purpose and Scope

This report presents the results of a reconnaissance study 1in the
Albuquerque-Belen basin to provide information about the hydrologic system,
land use, and ground-water chemistry, and to explain water chemistry in terms
of local hydrology and human activities, Included in the report are maps
showing the delineation of areas where ground water has a relatively high or
low susceptibility to contamination on the basis of hydrologic and land-use
factors. Results presented in the report primarily are based on existing data
compiled from the U.S. Geological Survey and the New Mexico Environmental
Improvement Division.

Methods

The hydrologic system and distribution of different water chemistries
must be understood prior to analysis of the effects of human activities on
water chemistry. The Albuquerque-Belen basin is a large area (approximately
100 miles long by 25 to 40 miles wide). The hydrologic system of the area is
complex and has a considerable range in ground-water chemistry. Therefore,
the ground-water chemistry must be examined in the context of the hydrologic
system prior to examining the variations in the context of human activities.
For example, differences in hydrologic factors, such as type of recharge, can
have significant effects on the distribution of water chemistry. If a
recharge type corresponds to a change in land use, the resulting water
chemistry might be attributed to land use when the actual cause for the
different chemistry is a difference in recharge type, not human activity.

Examination of the hydrologic system also can aid in delineating areas
that have a relatively high or 1low susceptibility to ground-water
contamination on the basis of hydrologic factors. Hydrologic factors that are
useful in delineating areas of susceptibility to ground-water contamination in
the Albuquerque-Belen basin may be transferable to similar areas 1in the
alluvial-basins ground-water region as defined by Heath (1984).

Hydrologic and land-use factors used to classify the susceptibility of
the aquifer to contamination indicate that whereas much of the basin has a
relatively low susceptibility, one area has a relatively high susceptibility
to contamination. This area, which is characterized by varied and changing
land-use patterns, was studied more intensively. The relation between land
use and susceptibility to contamination may be transferable to other similar
alluvial basins.
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HYDROLOGIC SYSTEM

The following descriptions of the physiography and geology of the basin
and adjacent areas are presented as an aid to understanding the processes that
affect the hydrologic system., For a more detailed description of the geology,
the reader is referred to Bryan and McCann (1937), Wright (1946), Lambert
(1968), and Kelley (1977). For a more detailed description of the hydrologic
system, the reader is referred to Theis (1938), Bjorklund and Maxwell (1961),
Titus (1961), U.S. Army Corps of Engineers (1979), Kelly (1982), and Kernodle
and Scott (1986).

The Albuquerque-Belen basin 1is a structural basin that contains the
through-flowing Rio Grande in central New Mexico (fig. 1). The basin 1is
bounded on the east by the Sandia, Manzanita, Manzano, and Los Pinos Mountains
(fig. 1), which have topographic relief of as much as 5,000 feet above the
basin floor. The mountains are fault-block mountains that generally consist
of a Precambrian igneous and metamorphic core that is capped by eastward-
dipping Paleozoic limestone, sandstone, evaporite deposits, and shale
(fig. 2). The Joyita Hills, Socorro basin, and Ladron Peak border the basin
on the south (fig. 1). The Joyita Hills have low topographic relief and
consist of Paleozoic and Mesozoic evaporite deposits, sandstone, shale, and
limestone. The Socorro basin is the adjacent alluvial basin to the south,
Ladron Peak has significant topographic relief and is composed of Precambrian

igneous and metamorphic rock, The western basin boundary consists of the
Lucero uplift and the Rio Puerco fault zone (fig. 1). The faults along the
western boundary juxtapose Paleozoic limestone, sandstone, shale, and

evaporite deposits with basin-fill deposits in the south and Mesozoic
sandstone and shale with basin-fill deposits in the north (fig. 2). The
Nacimiento uplift, Jemez volcanic complex, and Santo Domingo basin border the
basin on the north (fig. 1). The Nacimiento uplift consists of Precambrian
igneous and metamorphic rock, Paleozoic limestone, sandstone, shale, and
evaporite deposits, and Mesozoic sandstone and shale. The Jemez volcanic
complex, which has topographic relief of as much as 5,000 feet, consists of
interbedded volcanic and volcaniclastic sediments, The Santo Domingo basin is
the alluvial basin adjacent to the north,

The basin 1is drained by two main streams, the Rio Grande and the Rio
Puerco (fig. 1). The streams are entrenched 200 to 500 feet below a large
pediment surface (Kelley, 1977) that extends from the base of the mountains
along the eastern border of the basin to the Rio Grande (East Mesa) and
between the Rio Grande and the Rio Puerco in a large part of the basin (West
Mesa) (fig. 1). The discharge of the Rio Grande 1s approximately 834,000
acre-feet per year at San Felipe and 669,000 acre-feet per year at San Acacia
(Kernodle and Scott, 1986) (fig. 1). The Rio Puerco conveys approximately
35,900 acre-feet of water per year to the Rio Grande (Kernodle and Scott,
1986).

















































































Table 1. Spearman correlation coefficients for selected dissolved constituents

[Top number = Spearman correlation coefficient;
bottom number = number of analyses used in calculation]

Constituent Manganese Iron Boron Zinc Selenium Nitrate Arsenic
Manganese 0.82184 -0.02574  -0.49293 0.07501
24 2 23 23 0 24

Iron 0.39763 3 0.07785  0.08568  0.03260  -0.50270  -0.02014
29 4> 7 27 27 12 28
0@@ .
Boron 0.06303  0.00636 Y2y 0.17150  0.95486  -0.36037  0.73529

25 2% 6 6 7 6
Zinc -0.03880 0.31041  0.26209 0.25791 0.00000  -0.49167

22 19 26 & 4 27
Selenium 0.57145 0.56365 0.21229  0.72123 0.25820  0.07325

9 8 13 8 4 27

Nitrate 0.21687 -0.05809 0.41947  0.07522  0.33144 0.94868

2 22 7] 25 18 4
Arsenic 0.08349 -0.27001  0.24285 -0.05676  0.20233 -0.02366

19 14 27 19 19 32
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PRELIMINARY EVALUATION OF RELATION BETWEEN LAND USE AND
GROUND-WATER CHEMISTRY

Recharge to the ground-water system needs to coincide with a particular
land use for the ground-water chemistry to be affected by that land use. 1In a
large part of the Albuquerque-Belen basin, the depth to water is greater than
100 feet, and there is virtually no natural recharge. In these areas, there
is not any natural mechanism for land use to have an effect on ground-water
chemistry. Unnatural recharge to the regional ground-water system as the
result of leakage from storage tanks or infiltration from storage or waste
pits possibly could affect ground-water chemistry in these areas, although
large volumes of recharge and a significant amount of time would be necessary
before ground-water chemistry is affected,

Ground water 1in areas corresponding to open-space land use, which
occupies a majority of the basin, also has a relatively low susceptibility to
effects from 1land use. Livestock grazing 1is the major activity on land
classified as open space and the density of livestock is low, so effects on
ground-water chemistry from this land use are expected to be minimal.

Human activities are expected to have a greater effect on ground-water
chemistry 1in the Rio Grande valley on the basis of hydrologic and land-use
factors. The depth to water generally is less than 30 feet in the Rio Grande
valley. Recharge to the ground-water system occurs as the result of
infiltration of excess applied irrigation water. Infiltration of effluent
from onsite waste-disposal systems also could recharge the system. There is a
variety of types of land use 1in the Rio Grande valley, and many of the land
uses could have effects on ground-water chemistry.

Agricultural land use probably affects the ground-water chemistry in the
Rio Grande valley because of the large amount of evapotranspiration that
occurs., Assuming an irrigation efficiency of 50 percent and an average
specific conductance of irrigation water of 463 microsiemens per centimeter,
the specific conductance of excess applied irrigation water would be 926
microsiemens per centimeter., The specific conductance of this recharge and of
ground water 1in the Rio Grande valley generally is larger than in areas
adjacent to the wvalley (fig. 9). This difference may indicate that
agricultural 1land wuse has affected ground-water chemistry. Although
fertilizers and organic compounds used for weed and pest control also might be
expected to affect ground-water chemistry in the valley, presently (1985) few
or no organic-compound analyses exist 1n agricultural land-use areas to
document this- possibility.

Urbanization in the Rio Grande valley has resulted in a change in land
use from agricultural to residential; the change in land use has resulted in a
change in the chemical composition of recharge water. Recharge associated
with agricultural 1land wuse 1is surface water that has had dissolved
constituents concentrated by evaporation., This water 1is relatively oxidized
or contains dissolved oxygen because the water is initially in equilibrium
with oxygen in the atmosphere. In some areas in the valley, a municipal sewer
system is not available or houses are not connected to the system. In these
areas, residents have onsite waste-disposal systems. The major form of
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recharge associated with residential land use is infiltration of water from
onsite waste-disposal systems. This recharge contains TOC, BOD, and COD.
Loading of the ground-water system with significant TOC, BOD, and COD occurs
in areas that have a relatively high density of onsite waste~disposal
systems. The loadings of carbon and oxygen demand in the ground-water system
could result in reducing conditions in the aquifer. Iron and manganese are
relatively 1insoluble in oxidizing conditions, but are soluble in reducing
conditions (Hem and Cropper, 1959). Furthermore, trace metals are adsorbed on
iron and manganese oxides, and dissolution of these oxides can result in
increases of dissolved trace-element concentrations (Suarez and Langmuir,
1976; and Hem, 1977).

The relatively large dissolved-iron concentrations in ground water in the
Rio Grande valley near Albuquerque (pl. 3) could be the result of the change

in land wuse from agricultural to residential. Iron in the aquifer or
unsaturated zone 1is expected to be oxidized or relatively 1insoluble in
agricultural areas because of infiltration of oxidized water. Iron 1is

expected to be reduced or soluble in unsewered residential areas because of
the inflow of septic-tank effluent., The degree to which ground water in an
unsewered residential area is affected by septic-tank effluent depends on the
quantity of effluent, composition of the effluent, length of time effluent has
recharged the aquifer, mineralogy of the aquifer, flow rate in the aquifer,
and density of septic tanks. The random distribution and considerable range
of dissolved-iron and dissolved-manganese concentrations in the Rio Grande
valley probably are due to the interaction of these factors. If the change in
land use has resulted in the large iron concentrations 1in the Rio Grande
valley, the same process could be occurring throughout the Southwest alluvial-
basins ground-water region because of the increasing urbanization that is
occurring in the region.

Ground-water contamination as the result of industrial land use has been
documented in the San Jose area in the Rio Grande valley near Albuquerque
(fig. 13, pl. 3) (McQuillan, 1982). Other areas of organic contamination that
coincide with industrial land use also may exist in the valley. Presently
(1985) few organic analyses of ground water from the valley exist; the
Environmental Improvement Division currently (1985) is collecting such data.

Institutional or commercial land use is not expected to affect ground-
water chemistry with the possible exceptions of infiltration of storm runoff,
infiltration of waste products from laundry facilities, or infiltration of
gasoline from leaking storage tanks. Leaking storage tanks have been found in
several areas of the Rio Grande valley near Albuquerque. In these areas,
commercial land use coincides with this contamination.
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SUMMARY

In 1984, the U.S. Geological Survey began regional assessments of ground-
water contamination in 14 areas, one of which was the Albuquerque-Belen
basin. The purpose of this reconnaissance study is to provide information
about hydrology, land use, ground-water chemistry, and the effects of land use
on ground-water chemistry in the basin.

Ground-water recharge occurs along the basin margins. Ground water flows
from the basin margins toward the basin axis and then southward. Ground-water
discharge occurs as evapotranspiration in the Rio Grande valley, pumpage, and
ground-water flow to the Socorro basin, the alluvial basin to the south.

Maps delineating land use were prepared for the entire basin and for the
Rio Grande valley near Albuquerque. Open-space land use, which primarily is
used for grazing livestock, occupies the majority of the basin. 1In the Rio
Grande valley, agricultural and residential land uses are predominant; in the
area near Albuquerque, the land also is used for commercial, institutional,
and industrial purposes.

The Albuquerque~Belen basin was divided into seven zones on the basis of
water chemistry. These water-chemistry zones indicate that large variations
in water chemistry exist in the basin as the result of natural processes.

Ground water 1in the majority of the Albuquerque-Belen basin has a
relatively low susceptibility to ground-water contamination on the basis of
hydrologic and land-use factors. Ground water in the Rio Grande valley has a
relatively high susceptibility to ground-water contamination.

Dissolved-iron concentrations in water in the Rio Grande valley near
Albuquerque are greater than dissolved-iron concentrations in areas adjacent
to the valley. These relatively large dissolved~iron concentrations may be
due to the change from agricultural land use to residential land use. This
change results in a change in the chemical composition of recharge to the
ground~water system, Recharge associated with agricultural land use 1is
relatively oxidized because the water is in equilibrium with the atmosphere.
Recharge associated with residential land use (onsite waste-disposal effluent)
is relatively reduced and contains organic carbon, biological oxygen demand,
and chemical oxygen demand. The constituents in the onsite waste-disposal
effluent cause reducing conditions in the aquifer and dissolution of iron and
manganese oxides., Trace elements adsorbed to iron and manganese oxides could
be remobilized in ground water after dissolution of the oxides. If the change
in land use has caused the relatively large dissolved-iron concentrations, the
process could be occurring in many areas of the southwestern United States.
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