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Hydrogeologic Framework and Groundwater
Characterization in Selected Alluvial Basins in the Upper
Rio Grande Basin, Colorado, New Mexico, and Texas,
United States, and Chihuahua, Mexico, 1980 to 2015

By Natalie A. Houston, Jonathan V. Thomas, Linzy K. Foster, Diana E. Pedraza, and Toby L. Welborn

Abstract

Increasing demand for the limited water resources of the
United States continues to put pressure on resource manage-
ment agencies to balance the competing needs of ecosystem
health with municipal, agricultural, and other uses. To meet
these needs, the U.S. Geological Survey conducted a mul-
tiyear study to evaluate water resources in the upper Rio
Grande Basin in the southwestern United States. The upper
Rio Grande Basin extends from south-central Colorado,
through New Mexico, into west Texas near Fort Quitman,
including parts of Chihuahua, Mexico. The upper Rio Grande
Basin consists of a sequence of alluvial basins that formed in
the Rio Grande rift approximately 30 million years ago.

This report describes the hydrogeology of the upper
Rio Grande Basin and how the groundwater resources in the
basin have changed from 1980 to 2015. The hydrogeologic
framework includes the horizontal delineation of the alluvial
basins within the upper Rio Grande Basin from the headwaters
in Colorado to Fort Quitman, Texas, including part of Mexico.
Groundwater-level measurements from existing State and
Federal data were used to construct groundwater-level altitude
and groundwater-level change maps.

Of the 2,699 wells with groundwater-level data used in
this study, 1,055 wells had data for only a single 5-year period,
703 wells had data for 50 percent or more of the 35 years of
the study, and only 57 wells have 5-year groundwater-level
data for the entire study period. The median decline in water
levels in the upper Rio Grande Basin was 0.13 foot (ft) per
5-year period, and declines were measured in 53 percent of
the 703 wells that contained data for 50 percent or more of
the study period. Rates of groundwater-level decline greater
than 1 ft per 5-year period were measured in 17 percent of the
wells, greater than 2 ft per 5-year period, in 3 percent of the
wells, and greater than 3 ft per 5-year period, in 1 percent of
the wells. Overall, groundwater levels rose in 6 percent of the
703 wells that contained data for 50 percent or more of the
study period, and in 4 percent of the wells, groundwater levels
rose by 1 ft or more per 5-year period.

Groundwater-level changes in wells with consecu-
tive 5-year measurement periods exhibited the most vari-
ability in the Espafiola, Middle Rio Grande, and Mesilla/
Conejos-Médanos alluvial basins. The largest declines in
groundwater-level altitudes in individual wells were observed
in the Espaiola alluvial basin during 1995-2000, in the
Palomas alluvial basin during 2010-2015, and in the Jornada
del Muerto alluvial basin during 2005—10. The largest rises in
groundwater-level altitudes in individual wells were observed
in the Espaiola alluvial basin during 2005-10, in the Middle
Rio Grande alluvial basin during 1995-2000, and in the
Mesilla/Conejos-Médanos alluvial basin during 1980-85.

Changes in groundwater storage throughout the study
period varied by alluvial basin, likely based largely on changes
in groundwater withdrawals because of increased demands
during drier periods and population growth. All alluvial basins
except the Tularosa-Hueco alluvial basin were evaluated for
changes in groundwater storage from 1980 to 2015. Extremely
limited data availability in 201015 for the Tularosa-Hueco
alluvial basin led to this 5-year period being dropped from
the groundwater-level change map and storage analysis for
this basin.

In the San Luis Valley in southern Colorado, efforts to
reverse groundwater depletion in the unconfined aquifer recov-
ered approximately 250,000 acre-feet in storage between late
2013 and early 2018, following the implementation of a “pay-
to-pump” groundwater program. However, severe drought that
persists in the upper Rio Grande Basin, particularly in south-
ern Colorado, has undone some of the conservation efforts.
Within the Espafiola alluvial basin, groundwater storage varied
because municipal demand increased the demand on ground-
water resources and conservation efforts were implemented.

A groundwater-flow model evaluated for the Espafiola alluvial
basin indicated declines in groundwater storage from 1947
through 1982. Groundwater storage decreased in the Espafiola
alluvial basin in 1980-85, 1985-90, 1990-95, 1995-2000, and
2005—-10 and increased in 200005 and 2010-15 leading to
groundwater storage in 2015 about even with that in 1985.
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Based on gridded groundwater-level altitudes, ground-
water storage decreased in the Middle Rio Grande Basin from
1980 to 2015, except for during the 1980-85, 2000-05, and
2010-15 periods with an overall cumulative storage decrease
from 1980 to 2015. Groundwater-flow models evaluated
for the Middle Rio Grande alluvial basin showed ground-
water storage in the Middle Rio Grande alluvial basin has
been reduced since the mid-1950s through the end of the
study period except for a brief recovery (reduction in storage
outflow) in the mid-1980s. Simulated groundwater stor-
age has also decreased in parts of the Palomas and Mesilla/
Conejos-Médanos alluvial basins, and the northern part of the
Conejos-Médanos alluvial basin starting in 1995 (excluding
2005 and 2007) and in the Tularosa-Hueco alluvial basin from
the early 1940s to the end of the study period. Groundwater
storage increased in the Mesilla/Conejos-Médanos alluvial
basin during 1980-85 and slightly during 1990-95 and then
decreased in the other 5-year periods. Groundwater stor-
age in the Tularosa-Hueco alluvial basin increased from
1985 to 1990, but otherwise decreased, leading to an overall
net groundwater-level decline in this part of the basin from
1980 to 2010.

Introduction

Increasing demand for water resources of the United
States continues to put pressure on resource management
agencies to balance the competing needs of ecosystem
health with municipal, agricultural, and other uses. The
U.S. Geological Survey (USGS) National Water Census is
a research program focused on water availability and use,
authorized by subtitle F (Secure Water; 42 U.S.C. 10361 et
seq.) of title IX of the Omnibus Public Land Management Act
0f 2009 (Public Law 111-11; 123 Stat. 991) and implemented
through the U.S. Department of the Interior’s WaterSMART
initiative (U.S. Department of the Interior, 2021). The over-
arching purpose of WaterSMART is to develop data and tools
needed by resource managers to meet challenges arising from
increasingly scarce water availability caused by population
growth, groundwater depletion, impaired water quality, aging
infrastructure, climate variability and change, and the need to

sustain environmental flows sufficient for a healthy ecosystem.

The USGS is tasked with the technical aspects of providing
information and tools to stakeholders so that they can make
informed decisions on water availability; this effort requires
the USGS to advance the science needed by stakeholders

to assess ecological outcomes of management actions that
change streamflow regimes and to forecast ecological condi-
tions under future scenarios of water availability and manage-
ment (Evenson and others, 2018).

As part of the WaterSMART initiative, the USGS com-
pleted a multiyear assessment to evaluate water resources in
the upper Rio Grande Basin. This report focuses on selected
aspects of the groundwater resources of the upper Rio Grande

Basin, which was defined as the part of the Rio Grande Basin
that begins at the headwaters of the Rio Grande in south-
central Colorado and extends through New Mexico and
northern Mexico before terminating in west Texas, near Fort
Quitman, Tex. The focus of this report is on the alluvial basins
in the upper Rio Grande Basin.

The upper Rio Grande Basin provides water resources
for irrigation, municipal, environmental, and recreational
uses in Colorado, New Mexico, and Texas, United States,
and in Mexico. The amount of available water in the upper
Rio Grande Basin has decreased as a result of decreased
precipitation (primarily as snow), decreased reservoir stor-
age, increased agricultural demands, and population growth
(Bureau of Reclamation, 2016; Ivahnenko and others, 2021).
The upper Rio Grande Basin either contains or is adjacent to
several large cities that rely on groundwater resources from
the basin or relied primarily on groundwater resources from
the basin from 1980 to 2015, including Santa Fe, Albuquerque,
and Las Cruces, N. Mex., El Paso, Tex., and Ciudad Juarez,
Mexico. El Paso depends on the Rio Grande for approximately
half of its water supply (Bureau of Reclamation, 2016).

The groundwater resource in the upper Rio Grande Basin
is primarily the Santa Fe Group aquifer system. Groundwater
enters the Santa Fe Group aquifer system from mountain-front
recharge, seepage from the Rio Grande and its tributaries,
transmission losses from conveyance structures, and irriga-
tion return flow. Groundwater discharges from the Santa Fe
Group aquifer system as well withdrawals, seepage into the
Rio Grande and riverside drains, springs, evapotranspira-
tion, and outflow to adjacent basins. When groundwater
discharge from an aquifer exceeds recharge into the ground-
water, groundwater-level altitudes in the aquifer decline, as
is observed throughout the upper Rio Grande Basin. These
declining groundwater-level altitudes can have adverse effects
on long-term groundwater availability and sustainability,
groundwater quality, and land subsidence.

Purpose and Scope

The purpose of this report is to document selected aspects
of the groundwater resources of the upper Rio Grande Basin,
such as the hydrogeologic framework of the alluvial basins
as well as groundwater-level measurements and changes
in estimated storage in the alluvial basins that compose the
groundwater system of the upper Rio Grande Basin, and
describe changes in groundwater resources from 1980 to 2015.
The hydrogeologic framework includes the delineation of the
horizontal extent of the interconnected alluvial basins within
the upper Rio Grande Basin from the headwaters of the Rio
Grande in Colorado to Fort Quitman in Texas, including a
large part of New Mexico and part of Chihuahua in north-
ern Mexico. Groundwater-level measurements were com-
piled from existing database resources and used to evaluate
groundwater storage changes and construct groundwater-level
altitude and groundwater-level change maps.



Description of the Study Area

The upper Rio Grande Basin, as defined for this assess-
ment, covers an area of about 32,000 square miles (miz)
that extends from the headwaters of the Rio Grande in
Colorado to Fort Quitman. The Rio Grande flows approxi-
mately 1,900 miles (mi) from its headwaters in the San Juan
Mountains to the Gulf of Mexico; a reach of about 670 mi
of the Rio Grande is in the study area. The Rio Grande is
known in Mexico as Rio Bravo del Norte (fig. 1). Land surface
altitudes in the study area range from approximately 3,400 to
12,000 feet (ft) above the North American Vertical Datum
of 1988 (NAVD 88). The four major U.S. cities in the basin
(Santa Fe, Albuquerque, Las Cruces, and El Paso) are at alti-
tudes of about 6,800, 5,000, 3,900 and 3,900 ft, respectively
(U.S. Geological Survey, 2020). Adjacent to El Paso, Ciudad
Juarez is the largest city in Mexico in the study and is approxi-
mately at the same altitude as El Paso.

The upper Rio Grande Basin is primarily in the Southern
Rocky Mountains and Basin and Range physiographic prov-
inces. According to Evenson and others (2018, p. 21), “the
upper Rio Grande Basin is an arid to semiarid region where
disputes over water shortages have been taking place for more
than 100 years.” There are several closed basins on either side
of the main drainage that were not included in the study area.
Basin topography varies from the forested mountains and river
gorges of the headwaters to the riparian vegetation (referred
to locally as bosque, the Spanish word for woodlands) of the
broad valleys and high desert of central New Mexico to des-
erts along the boundary between Texas and Mexico (Llewellyn
and Vaddey, 2013). Precipitation in the Rio Grande is highly
variable, depending on latitude and land-surface altitude
(Kunkel and others, 2013). Precipitation in the northern areas
of the upper Rio Grande Basin is biseasonal, falling as snow
in the mountains in winter and monsoonal rain in the summer.
Mean annual precipitation ranges from more than 40 inches in
the mountainous regions to about 10 inches in the valley along
the Rio Grande (New Mexico Office of the State Engineer,
2016a-c). The initial years of the study period were character-
ized by warm, wet winters and erratic summer precipitation
(Swetnam and Betancourt, 1998; Sheppard and others, 2002;
Gutzler, 2003), but since 2001, droughts have been common
in much of the southwestern United States, with particularly
widespread and severe droughts in 2002, 2003, 2007, 2009,
2011, and 2012 (Llewellyn and Vaddey, 2013). Mean annual
precipitation across the region from 1980 to 2015 was 22 to
25 percent less than the historical mean annual precipitation
for the 20th century (MacDonald, 2010; Woodhouse and oth-
ers, 2010; Macdonald and others, 2019).

In the water use component of the focus area study for
the upper Rio Grande Basin, Ivahnenko and others (2021)
discuss water use, sources of water supply, population change,
and public and self-supplied household per-capita water use
in the upper Rio Grande Basin. Total withdrawals for all the
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water use categories (including hydroelectric) in 2015, was
estimated to be about 3,150 million gallons per day (Mgal/d).
Nearly all withdrawals were from freshwater sources, and sur-
face water was the dominant source of water used in the upper
Rio Grande Basin, at about 71 percent of total withdraw-

als. Although the population in the upper Rio Grande Basin
increased during the study period, groundwater withdrawals as
a percentage of total municipal supply decreased from 92 per-
cent in 1985 to 70 percent during in 2015. Although domestic
deliveries from public suppliers in the upper Rio Grande Basin
increased from 1985 to 1995, they have declined since 2005.
The per-capita daily use for the entire upper Rio Grande Basin
fluctuated between the reporting years, but overall, domestic
per-capita use across the basin has declined by 46 percent
from 145 gallons per capita per day (gal/cap/d) in 1985 to

78 gal/cap/d in 2015.

Geologic Setting

The Rio Grande Basin consists of a series of intercon-
nected alluvial basins that formed in the Rio Grande rift
approximately 30 million years ago (Moyer and others,
2013). The Rio Grande rift is a north-south trending structural
feature that developed during a period of extension where the
Earth’s crust was pulled apart and faulted, creating alternat-
ing mountain ranges and basins. The Rio Grande rift extends
from Colorado to Texas and includes the following notewor-
thy basins in the study area: San Luis, Espafiola, Middle Rio
Grande, La Jencia, Socorro, San Agustin, Jornada del Muerto,
Palomas, Mesilla/Conejos-Médanos, and Tularosa-Hueco
(Keller and Cather, 1994; Grauch and Connell, 2013). Basins
that formed along the Rio Grande rift subsequently filled with
sediments eroded from the adjacent mountain ranges, dune
deposits of windblown sand, and volcanic deposits from local
volcanic areas (Grauch and others, 2017, Bartolino and Cole,
2002). The resulting alluvial basins compose the Santa Fe
Group aquifer system, the primary aquifer in the upper Rio
Grande Basin. The Santa Fe Group aquifer system is typically
divided into three parts: upper, middle, and lower. Much of
the lower part tends to have low permeability and poor water
chemistry; thus, groundwater is mostly withdrawn from the
upper and middle parts of the aquifer system. The depths of
the alluvial basins vary considerably.

The Rincon basin between Las Cruces and Truth or
Consequences, N. Mex., is a subbasin within the Palomas
Basin (the Rincon basin is commonly referred to as the
“Rincon Valley”). The upper Rio Grande alluvial basins
(fig. 1) primarily consist of Tertiary- and Quaternary-age rocks
composed of gravel, sand, silt, and some clay. Some of the
alluvial basins also consist of volcanic terranes. Although they
are part of the Rio Grande rift, the Upper Arkansas, Mimbres,
and Salt alluvial basins are outside the study area and are not
discussed in this report. For this report, only the geologic units
younger than Eocene Epoch are considered.
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Figure 1.
and Chihuahua, Mexico.

Map showing extent of alluvial basins and locations of selected cross-section profiles in the upper Rio Grande Basin in Colorado, New Mexico, and Texas, United States,



Methods of Investigation

To help improve the understanding of the hydrogeo-
logic framework and groundwater system, readily available
hydrogeologic and groundwater-level data were compiled,
and a literature review of previous studies including published
literature of local, State, and Federal agencies pertaining to the
upper Rio Grande Basin was reviewed to obtain information
that was used in this study. Data from previous USGS stud-
ies and other sources were compiled and evaluated to remove
obvious recording errors or spurious values and interpreted to
assess hydrogeology, quantify groundwater-level changes, and
estimate groundwater storage changes.

Development of Alluvial Basin Boundaries

To evaluate the alluvial basins in the upper Rio Grande
Basin, the horizontal extents of each alluvial basin boundary
are needed to constrain other types of data (groundwater-level
altitude and groundwater-level change maps, for example).
Although there were many versions of alluvial basin boundar-
ies in the literature, there were [as of 2020] no digital versions
of all the alluvial basin boundaries delineated individually. The
boundaries of the alluvial basins that were available digitally
were primarily in the northern part of the basin in Colorado
and New Mexico and included the San Luis, Espaiola, and
Middle Rio Grande alluvial basins. The most comprehensive
study of the alluvial basins in the upper Rio Grande Basin
was completed by Wilkins (1986). Detailed boundaries of the
overall basins that contain the alluvial basins were not avail-
able for the following basins: San Agustin, Socorro, La Jencia,
San Marcial, Alamosa Creek, Engle, Palomas, Jornada del
Muerto, Mesilla/Conejos-Médanos, and Tularosa-Hueco. For
this reason, only the extents of the alluvial basins are included
in this report.

The literature was reviewed to obtain the existing
delineations of each alluvial basin, and then those features
from each delineation were converted to a digital format.
Next, the literature was reviewed to identify the key features
that researchers typically used to define the boundaries that
separate one alluvial basin from another (faults, constrictions,
mountain ranges). In the upper Rio Grande Basin, a constric-
tion is defined as a narrowing of an area in the Rio Grande
rift as a result of a deformational process, such as faulting
(Chapin, 1971). Constrictions referred to in this report follow
naming conventions used in previous publications, as noted
during the literature review. Boundaries of the 13 alluvial
basins evaluated for this study were further refined by taking
into consideration alternate interpretations of alluvial basin
boundary delineations identified during the literature review.
More information on the data sources used to refine each of
the alluvial basins can be found in the companion data release
(Houston and others, 2020).
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Data Compilation and Refinement

Groundwater-level measurements used to construct the
groundwater-level altitude and groundwater-level change
maps were acquired from data from wells in the study area
(fig. 2) from existing local, State, and Federal agency data,
including the Texas Water Development Board groundwa-
ter database (Texas Water Development Board, 2019a); the
USGS National Water Information System (U.S. Geological
Survey, 2017); the San Luis Valley well and water-level
database (Davis Engineering Service, Inc., and Principia
Mathematica, Inc., 2017); and the New Mexico Bureau of
Geology and Mineral Resources (2020). Additional data for
New Mexico were obtained from the City of Santa Fe (2020a)
for the Buckman well field wells. Data for wells in Mexico
were obtained from Ritchie and others (2018). Groundwater-
level data acquired and synthesized for the study and support-
ing documentation are available in a companion data release
(Houston and others, 2020).

The final dataset used for this report was constructed
from the compiled groundwater-level data by removing well
data from confined aquifers, selecting well data from only one
well that was part of a group of nested wells, identifying and
removing duplicate values, and identifying and removing data
from wells that were not representative of the aquifer system
for various reasons (Houston and others, 2020). Confined
aquifers have layers of impermeable material above and below
them, causing the groundwater to be under appreciably greater
pressure than atmospheric pressure; as a result, the water rises
above the top of the aquifer in a well that penetrates a con-
fined aquifer (Jacob, 1940; Alley and others, 1999). Wells that
were classified as confined by the data source because they
were screened (completed) in the confined aquifer system and
wells more than 1,500 ft deep were removed from the final
dataset. The depth of 1,500 ft was chosen as the cutoff by
visually inspecting the water-level records of the nested wells.
Hydrographs of water-level measurements for many of the
wells deeper than 1,500 ft indicated that the wells behaved as
if they were confined wells.

There were approximately 200 nested piezometers in
the study area in the San Luis, Espafiola, Middle Rio Grande,
Socorro, Palomas, Jornada del Muerto, Mesilla/Conejos-
M¢édanos, and Tularosa-Hueco alluvial basins. Piezometers
are a special type of well that generally are designed to allow
measurement of groundwater levels over short depth inter-
vals within the aquifer. Piezometers screened over different
intervals are often grouped within the same borehole (nested)
to provide information on how groundwater-level altitudes
differ with depth at a single geographic location. For nested
piezometers where all the piezometers were less than 1,500 ft
deep, the deepest unconfined piezometer with the longest
period of record was selected as the representative piezom-
eter. Piezometers that were deeper than 1,500 ft and classified
as unconfined were not selected to represent a given nest of
piezometers; rather, the deepest piezometers in the nest that
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Figure 2. Maps showing wells (organized by alluvial basin) with groundwater-level measurements made from 1980 to 2015 in
A, the northern part and B, the southern part of the upper Rio Grande Basin in Colorado, New Mexico, and Texas, United States, and
Chihuahua, Mexico.
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was less than 1,500 ft deep was selected. If all the piezometers
in the nest were completed to depths greater than 1,500 ft, then
data from the entire nest were removed.

Groundwater-level data were checked for duplicate
groundwater-level measurements by comparing measure-
ment values, collection dates, site locations, site names, and
groundwater level measurement data sources. Springs, sites
without groundwater-level measurements, and groundwater-
level measurements flagged as influenced by local or regional
groundwater withdrawals were removed. Prioritization of
retention for duplicate groundwater-level measurements com-
piled from the four source databases was as follows: USGS
National Water Information System, New Mexico Bureau of
Geology and Mineral Resources groundwater monitoring net-
work, Texas Water Development Board groundwater database,
and Principia Mathematica water-level database. Many of the
duplicated groundwater-level measurements were a result of
different agencies reporting the same data but rounding the
resulting values differently. Occasionally errors were discov-
ered where decimal locations were entered incorrectly. These
groundwater-level measurements were either verified with
multiple sources or removed from the analysis if the measure-
ment could not be verified with some degree of confidence.

The resulting dataset of groundwater-level measurements
was evaluated for outliers using the R-based (R Development
Core Team, 2019) visGWDB program and the specialized
addon packages of kernlab (Karatzoglou and others, 2016) and
mgcv (Wood, 2017). The evaluation focused on visualization
of time-series data and metadata for individual wells (well
hydrographs) in conjunction with temporal overlap of data
from nearby wells. visGWDB provides generalized additive
and support vector machine models of groundwater-level
altitude data for each well from nearby groundwater-level
altitudes that help to evaluate the compiled groundwater-level
data for potential outliers. Residuals from these models were
computed, and potential outliers (residuals 4 ft or more that
also exceed the 99th percentile of the predicted standard error
of fit) were identified and not used for this study. Additional
information about this method is provided by Asquith and oth-
ers (2019).

Groundwater-level measurements were then grouped by
site in 5-year periods starting in November 1977 and ending
in March 2017. The groundwater-level measurements were
only from the nonirrigation season in each 12-month period
when groundwater-withdrawals are at their annual minimum
amounts. The nonirrigation season is from November of the
year indicated through March of the following year. For the
5-year periods from 1980 through 2015, the 1980 data refer
to a 5-year median of groundwater-level measurements from
November 1977 through March 1982. The subsequent 5-year
periods are defined in the same manner. For example, the 1985
data refer to a 5-year median of groundwater-level measure-
ments from November 1982 through March 1987, and the
1990 data refer to a 5-year median of groundwater-level mea-
surements from November 1987 through March 1992.

Groundwater Level Analysis

Groundwater-level altitude maps can be used to evalu-
ate spatial and temporal groundwater-level altitude changes.
Groundwater-level data were compiled for the unconfined
alluvial basins within the study area and gridded as described
in this section of the report to evaluate groundwater-level
changes for each basin across multiple 5-year periods.

Kriging algorithms in Oasis montaj (Seequent Ltd.,
2020) were used to determine the most probable value at each
grid node 200-by-200-meters (m; 656-by-656-ft) based on
a statistical analysis of the entire median groundwater-level
altitude dataset within the active cells for each grid (Isaaks
and Srivastava, 1989), where each alluvial basin is repre-
sented by a separate grid. This kriging method was chosen
in part because of its utility for assessing clustered data such
as the data obtained from well fields. Variance maps, auto-
matically developed during the kriging process, were used to
evaluate spatial uncertainty in the groundwater-level altitude
maps. Generally, as the distance between data points becomes
greater, correlation between points lessens, and uncertainty in
areas between points increases (Isaaks and Srivastava, 1989).
To help reduce the effects of sparsely distributed spatial and
temporal data in the alluvial basins, the variance maps were
used to clip (exclude beyond a certain spatial extent) the final
groundwater-level altitude grids such that only those areas
with an acceptable amount of uncertainty were retained, by
using the processing steps listed in Houston and others (2020).

The compiled median groundwater-level altitude data
for the upper Rio Grande alluvial basins were analyzed for
groundwater-level changes to document and characterize
changes in groundwater-level altitudes in the alluvial sys-
tem. Groundwater-level altitudes in individual wells vary in
response to natural and anthropogenic stresses at different
timescales. The focus of the analysis was to identify spatially
and temporally persistent 5-year groundwater-level changes in
the alluvial basins.

A map of groundwater-level changes for the study
period was constructed to highlight areas where groundwa-
ter levels declined or rose in the upper Rio Grande alluvial
basins. Median groundwater-level altitude data were plotted,
and change was computed as the slope of the best-fit linear-
regression line of the computed 5-year median groundwater-
level data for each well, provided that at least four 5-year
periods were available (spanned at least 50-percent of the
study period). Linear-regression line slopes were considered
indicative of rises in groundwater-level altitudes when the
slope was greater than 0.1 ft for the given period, and declines,
for slopes less than —0.1 ft. Groundwater-level altitudes were
considered essentially stable for wells with slopes of less than
a 0.1-ft rise or decline. A median linear regression slope was
then computed for all the wells within each upper Rio Grande
alluvial basin to help compare groundwater-level changes
among basins.



Groundwater Storage Estimation Methodology

Estimates of changes in groundwater storage (herein-
after referred to as “storage”) were evaluated by using two
methods. The first method used groundwater-level change
maps developed to estimate changes in storage from 1980 to
2015. Changes in storage were computed for the area com-
mon to all the individual groundwater-level change maps
(fig. 3). Because the available data usually resulted in different
locations of groundwater level information for each 5-year
time period, a continuous evaluation of storage throughout
the study area was only available for a small area within each
basin. Because few data values were available in some alluvial
basins, estimating storage changes over time was not possible
for every basin in the study area.

To estimate changes in storage based on groundwater-
level data, groundwater-level change maps were gridded
using 200-by-200-m (656-by-656-ft) cells. Groundwater-level
changes sampled at the centroids of each grid cell were multi-
plied by the area of the cell to compute a change in volume for
each cell. Cells for each basin were then summed for a total
volume change during a 5-year period for each basin. These
volume changes per basin were then multiplied by specific
yield values which were compiled from the literature for
each basin. Ranges in specific yield values were used, where
available, to provide a range of storage changes over time
rather than reporting one storage value estimated from a single
specific yield value. Storage changes were computed for the
same S5-year periods as the groundwater-level change maps.
Furthermore, cumulative storage changes over time were also
computed to visualize overall changes from 1980 to 2015 for
most of the basins. Storage changes over time for the Tularosa-
Hueco alluvial basin were only estimated from 1980 to 2010
because few data values were collected during 2010-15 in
this basin. The second method for computing storage was
based on information from previously published groundwater-
flow models for the San Luis, Espafiola, Middle Rio Grande,
Mesilla/Conejos-Médanos, and Tularosa-Hueco alluvial basins
(fig. 3) to determine simulated changes in storage.

Changes in storage represent the net summed values of
the individual components that affect storage in an aquifer,
which could include withdrawals from wells or groundwater
discharge to streams that forms the base-flow component of
streamflow. In all cases, simulated storage changes obtained
from historical and recent groundwater-flow models were
representative of more spatially extensive areas (both laterally
and at depth) than storage simulated by using groundwater-
level change maps.
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Limitations

Existing information on the extent, geologic setting,
groundwater-level altitudes, and storage varied spatially and
temporally by alluvial basin. Groundwater-level measurements
used in this study were assumed to be representative of the
groundwater altitudes within the alluvial aquifers of the upper
Rio Grande Basin. The temporal and spatial variance in the
distribution of groundwater-level altitude measurements could
be a source of measurement bias. Differences in localized
conditions and stresses and differences in well construction
and groundwater use could also potentially bias individual
measurements. For example, the clustering of wells in a given
area, an overrepresentation of wells in areas that are known to
have undergone groundwater-level declines, and groundwater
measurements from areas where there has been focused (inten-
sive) monitoring are all possible sources of measurement bias.

Additional data used to assess groundwater resources
such as depths of unconfined groundwater, hydraulic prop-
erties, and areas of groundwater discontinuity were more
readily available in more developed alluvial basins or in
areas with more groundwater use compared to less developed
alluvial basins and areas where less groundwater is used.

For example, the eastern and western margins of the Middle
Rio Grande alluvial basin are known to be areas of ground-
water discontinuity (that is, abrupt changes in groundwater-
level altitudes) associated with a fault or fracture-dominated
groundwater-flow system (Bexfield and Anderholm, 2000).
Groundwater-level altitudes at individual wells in fault or
fracture-dominated groundwater-flow areas were not represen-
tative of the alluvial basin as a whole and were removed from
the analyses (Bexfield, 2010). Similar conditions may exist in
other alluvial basins in the upper Rio Grande Basin where no
additional data are available to highlight or explain potential
groundwater-level altitudes that are not representative of the
larger area.

Differences in geographic and temporal distribu-
tion of groundwater-level altitudes can affect the interpo-
lated groundwater-level altitude surfaces used to compute
groundwater-level and storage changes. The scarcity of spatial
and temporal groundwater data coverage across the alluvial
basins allowed only small parts of each alluvial basin to be
evaluated for groundwater-level and storage changes, and in
some alluvial basins, it was not possible to compute storage
changes because of insufficient data. In all basins where stor-
age changes were computed by using groundwater-level alti-
tude data, the estimated changes in storage from groundwater-
level changes were representative of smaller areas and
shallower depths compared with the areas and depths of the
estimated changes in storage that could be simulated by using
published groundwater-flow models.
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Hydrogeologic Framework

Although all 13 alluvial basins in the study area (San
Luis, Espafola, Middle Rio Grande, Socorro, La Jencia, San
Marcial, Alamosa Creek, Engle, San Agustin, Jornada del
Muerto, Palomas, Mesilla/Conejos-Médanos, and Tularosa-
Hueco; listed from north to south) are part of the Rio Grande
rift, each alluvial basin has a different set of challenges with
respect to groundwater use and depletion. The alluvial basins
contain one or more aquifers, most of which have not been
delineated horizontally and vertically over their full extent.
Typically, information for each basin is only available for
areas with high groundwater use. This study focuses on
aquifers consisting of geologic units younger than the Eocene
Epoch. The spatial extents of the alluvial basins developed
for this study range in size from the La Jencia alluvial basin,
which covers a little more than 200 miz, to the Tularosa-Hueco
alluvial basin, which covers a little more than 5,390 mi’. To
assist in describing the hydrogeologic framework of the upper

Table 1.
Texas, and Mexico.
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Rio Grande Basin in the study area, representative cross-
sections (fig. 1) for each of the alluvial basins were identified
during the literature review (table 1).

San Luis Alluvial Basin

The San Luis alluvial basin is the northernmost allu-
vial basin included in the focus area study for the upper Rio
Grande Basin (fig. 1). The San Luis alluvial basin is in the
San Luis Valley that extends from southwestern Colorado
into northern New Mexico (Bexfield and Anderholm, 2011,
fig. 3). The northern part of the San Luis Valley north and
east of the Rio Grande is a closed basin, and the southern part
of the San Luis Valley is open, meaning that surface water
flows through from one basin to the next (Wilkins, 1998).
The San Luis Valley is rimmed on the west by the San Juan
Mountains and on the east by the Sangre de Cristo Mountains
and the Culebra Range. The San Juan volcanic field on the
western side of the San Luis Valley is the subbasin where the

Selected cross sections representing one or more alluvial basins in the upper Rio Grande Basin, in Colorado, New Mexico,

Section
identifier Alluvial basin Cross section name and source
(fig. 1)
1 San Luis Cross section A—A'" in Brister and Gries (1994, fig. 2)
2 San Luis Cross section 4—A' in Drenth and others (2013, fig. 13)
3 San Luis Cross section G—G' in Johnson and Bauer (2012, fig. 13B)
4 Espafiola Cross section Pojoaque profile in Grauch and others (2009, fig. 20)
5 Espafiola Cross section Seton Village profile in Grauch and others (2009, fig. 30)
6 Middle Rio Grande Cross section C—C" in Minor (2006)
7 Middle Rio Grande Cross section A—A4' in Connell and others (2013, fig. 4)
8 Middle Rio Grande Cross section C—C" in Grauch and Connell (2013, fig. 12)
9 San Agustin Cross section C—C" in Koning and Rinehart (2015)
10 San Agustin Cross section A—A4' in Koning and Rinehart (2015)
11 San Agustin Cross section C—C" in Roybal (1991, fig. 4)
12 Socorro, San Marcial, Alamosa Creek, Jornada del Cross section E—E' in Roybal (1991, fig. 4)
Muerto
13 Socorro, Jornada del Muerto Cross section D-D' in Roybal (1991, fig. 4)
14 Jornada del Muerto, Engle Cross section in Lozinsky (1987, fig. 2)
15 Jornada del Muerto Cross section B—B' in Keyes (1905, pl. )
16 Palomas Cross section RA-RA' in Hawley and Kennedy (2004, pl. 4)
17 Jornada del Muerto Cross section A—A4" in Hawley and Kennedy (2004, pl. 3)
18 Tularosa-Hueco Cross section A—-A' in Huff (2004, fig. 2)
19 Palomas, Jornada del Muerto Cross section RF—A" in Hawley and Kennedy (2004, pl. 4)
20 Jornada del Muerto, Mesilla/Conejos-Médanos Cross section C—C" in Keyes (1905, pl. II)
21 Mesilla/Conejos-Médanos, Tularosa-Hueco Cross section 4—A' in Texas Water Development Board (2019b)
22 Mesilla/Conejos-Médanos Cross section L—L' in Hawley and Kennedy (2004, pl. 4)
23 Tularosa-Hueco Cross section B—B' in Texas Water Development Board (2019b)
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Rio Grande headwaters originate (Wilkins, 1998). There are
three primary regions in the San Luis Valley: the Alamosa
Valley area of Colorado, the Sunshine Valley-Costilla Plain
area north of Questa, N. Mex., and the Taos Plateau in New
Mexico (fig. 24). Although detailed spatial extents for these
regions have not been published to date [2021], several stud-
ies have been completed on these regions and describe their
general extents (Wilkins, 1998; Thompson and McMillan,
1992; Brister and Gries, 1994; Bexfield and Anderholm, 2011;
Ruleman and others, 2013). The Alamosa basin is north of
the San Luis Hills in Colorado (Brister and Gries, 1994). In
New Mexico, the San Luis Valley is subdivided into the Taos
Plateau and Sunshine Valley-Costilla Plain areas (Bexfield and
Anderholm, 2011).

The Taos Plateau is primarily underlain by volcanic
deposits, lava flows, and ash; below the volcanic deposits
are units of the Santa Fe Group. Thompson and McMillan
(1992) state that the volcanism in the Taos Plateau volcanic
field is of three distinct ages: early-rift (late Oligocene to early
Miocene), postmagmatic lull (Miocene), and late-rift (Pliocene
to Pleistocene).

The San Luis Valley includes metamorphic and sedi-
mentary rocks, volcanic fields, and alluvial fill that forms
the San Luis alluvial basin (fig. 1; Bexfield and Anderholm,
2011). In Colorado, the San Luis alluvial basin contains an
unconfined aquifer, which includes most of the Quaternary
deposits, including stream deposits, eolian sands, and allu-
vial fans. Within the San Luis Valley, the shallow unconfined
groundwater is at 50 to 200 ft beneath the land surface and
is underlain by a local confining unit that consists of clay
layers in the upper part of the Alamosa Formation (Sangre de
Cristo National Heritage Area, 2019). The confined aquifer
consists of the lower part of the Alamosa Formation of both
Pleistocene (Quaternary) and Pliocene (Tertiary) age and the
Vallejo and Santa Fe Formations of Pliocene and Miocene
(Tertiary) age.

In New Mexico, the San Luis alluvial basin contains a
shallow basin fill aquifer consisting of Quaternary alluvium
and the Servilleta Basalt and a deeper basin fill aquifer consist-
ing of the Chamita Formation and the Tesuque Formation of
the Santa Fe Group (Johnson and Bauer, 2012). The Tesuque
Formation composes the primary aquifer in the basin that has
two distinct parts: an upper part, which is unconfined and as
much as 800 ft thick, and a confined part, which is as much as
1,200 ft thick (McAda and Wasiolek, 1988).

The San Luis alluvial basin is the second largest alluvial
basin in the study area and covers approximately 4,980 mi’
in the northern part of the upper Rio Grande Basin. The San
Luis alluvial basin includes the highest peaks, highest median
land-surface altitude, and largest range in topography of all
the alluvial basins. Within the alluvial basin the median land-
surface altitude is about 7,670 ft above NAVD 88, and land-
surface altitudes range from about 5,870 to nearly 12,600 ft
above NAVD 8§8.

Espaiiola Alluvial Basin

The Espafiola alluvial basin (fig. 1) is in the Espafiola
Basin in northern New Mexico (Grauch and others, 2009,
fig. 1). The Espaiola Basin is connected to the San Luis
Valley to the north at the Embudo constriction and connected
to the Middle Rio Grande Basin to the south at the La Bajada
constriction (Kelley, 1952). The Espafiola Basin is rimmed on
the east by the Sangre de Cristo Mountains (Wilkins, 1986).
The Espafiola Basin contains volcanic fields, sedimentary
rocks, intrusive and extrusive rocks, Precambrian rocks, and
the Espaiiola alluvial basin (Johnson and others, 2013, fig. 1).
The Jemez volcanic field is included in the depiction of the
Espaiiola alluvial basin (fig. 1) because it was deposited when
the alluvial basin was being filled and because it is underlain
by thick alluvial deposits.

The primary geologic units in the Espafiola alluvial basin
are the Tesuque, Puye, and Ancha Formations of the Santa Fe
Group. The primary aquifer in the alluvial basin is composed
of the Tesuque Formation (McAda and Wasiolek, 1988). The
Espaiiola alluvial basin is approximately 2,350 mi’ and has the
second highest topographic relief of the 13 alluvial basins in
this study where land-surface altitudes in the Espafiola alluvial
basin range from about 5,330 to 11,570 ft above NAVD 88
and has the third highest median land-surface altitude, at
about 6,870 ft above NAVD 88. Santa Fe is the largest city
in the basin and since 1972 has maintained a well field in
the Espaiiola alluvial basin, near Buckman, N. Mex., for
municipal use.

The Buckman well field historically was suspected
of causing streamflow depletion in the Rio Grande and in
selected tributaries to the Rio Grande, namely the Pojoaque
River and Rio Tesuque (McAda and Wasiolek, 1988).
Beginning in the mid-1980s, researchers began studying the
link between groundwater withdrawals from the Buckman
well field and reduced streamflow in the Rio Grande.
According to McAda and Wasiolek (1988), 23,700 acre-feet
(ac-ft; 29.2 million cubic meters [Mm3]) of groundwater was
withdrawn from the Buckman well field from 1972 through
1986. Although the City of Santa Fe currently [2021] is
permitted to annually withdraw 10,000 acre-feet per year
(ac-ft/yr; 12.3 million cubic meters per year [Mm3/yr]) of
groundwater from the Buckman well field, in the past 6 years,
pumping under permit has been less than 1,000 ac-ft/yr
(1.23 Mm3/yr; City of Santa Fe, 2020b). To assess the effects
of groundwater withdrawals in this area, a monitoring pro-
gram is in place, and several agencies, including the USGS
and the City of Santa Fe, monitor groundwater-level altitudes.
In May 2011, the City of Santa Fe began direct diversion of
water from the Rio Grande under the Bureau of Reclamation’s
San Juan-Chama Project to help reduce reliance on ground-
water for municipal supply (Glaser, 2011). Within the basin, a
coordinated water conservation strategy has also reduced per
capita water use in Santa Fe by approximately 30 percent since
1995 (Chavez, 2020).



Middle Rio Grande Alluvial Basin

The Middle Rio Grande alluvial basin (fig. 1) is in the
Middle Rio Grande Basin in northern New Mexico (Grauch
and Connell, 2013, fig. 1). The Middle Rio Grande Basin
includes Albuquerque and is sometimes referred to as the
Albuquerque basin (Connell and others, 2013; Grauch and
Connell, 2013). The Middle Rio Grande Basin is rimmed to
the north by the Espafiola Basin and the Jemez Mountains
and to the east by the Sandia, Manzanita, Manzano, and Los
Pinos Mountains. The constriction at San Acacia, N. Mex.,
is the southern boundary of the Middle Rio Grande Basin
(Wilkins, 1986). The Middle Rio Grande Basin includes
carbonate rocks, evaporite rocks, metamorphic rocks, sedi-
mentary rocks, volcanic rocks, and the Middle Rio Grande
alluvial basin (Bexfield, 2010, fig. 1). The hydrology of the
Middle Rio Grande alluvial basin is complex because of fault-
ing and the heterogeneous composition of different sediment
deposits in the basin, the combination of which result in large
variances in hydraulic properties (Bartolino and Cole, 2002).
Multiple studies have identified and mapped fault zones that
run parallel to the Middle Rio Grande alluvial basin along the
basin’s east and west margins (Bexfield and Anderholm, 2000;
Connell and others, 2013; Grauch and Connell, 2013).

The Middle Rio Grande alluvial basin extends from
the Cochiti Dam to San Acacia and covers approximately
3,020 mi’. The Middle Rio Grande alluvial basin is not only
one of the larger basins in the upper Rio Grande Basin but also
one of the deepest, with thicknesses of basin-fill deposits in
the Santa Fe Group ranging from about 1,400 ft at the basin
margins to approximately 14,000 ft in the deepest parts of the
Middle Rio Grande alluvial basin (Bartolino and Cole, 2002).
The basin has the sixth highest median land-surface altitude
(5,360 ft above NAVD 88) among the 13 alluvial basins
that compose the study area and ranges from about 4,670 to
7,840 ft above NAVD 88.

Groundwater in the basin is primarily unconfined and
semiconfined. There are some areas of the basin that are
locally confined systems, such as the area around Kirtland
Air Force Base (fig. 24). Predevelopment groundwater flow
(before 1961) from north to south through the basin and from
east to west along the mountain front (Bexfield, 2010) has
been modified by intensive groundwater withdrawals used for
municipal supply. Albuquerque, the largest city in the Middle
Rio Grande alluvial basin, historically obtained its municipal
water supply from groundwater in the Santa Fe Group aquifer
system. By the 1990s, it was determined that withdrawals from
the Santa Fe Group aquifer system near Albuquerque were
depleting groundwater in storage and capturing water from
the Rio Grande (Kernodle and others, 1995). Following these
studies, Albuquerque revised its water-use strategy to actively
encourage water-use conservation and move toward the direct
use of native Rio Grande water and water diverted from the
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San Juan River by the San Juan-Chama Project (Bartolino and
Cole, 2002); direct diversion of surface water for municipal
supply started in December 2008 (Bexfield, 2010).

San Agustin Alluvial Basin

The San Agustin alluvial basin (fig. 1) is in the San
Agustin Basin in New Mexico (Myers and others, 1994,
fig. 1). The San Agustin Basin is a closed basin and does not
drain to the Rio Grande (Basabilvazo, 1997). The San Agustin
Basin is bounded to the north by the Datil and Gallinas
Mountains, to the south and west by the Great Continental
Divide, and to the east by the Gallinas and San Mateo
Mountains (Myers and others, 1994, fig. 1). Groundwater
in the plains of San Agustin in the part of the San Agustin
alluvial basin west of the Gallinas Mountains is unconfined
(Basabilvazo, 1997). The San Agustin Basin includes both
prerift volcanic deposits and the San Agustin alluvial basin
(fig. 1). The San Agustin alluvial basin covers approximately
1,010 miz, has the second highest median land-surface altitude
of the 13 alluvial basins described in this report at about
7,000 ft above NAVD 88, and ranges from about 6,030 to
8,000 ft above NAVD 88.

Groundwater in the San Agustin alluvial basin is used
primarily for agriculture, livestock, and municipal supply,
primarily by Magdalena and Datil, N. Mex. Groundwater
withdrawals by the Village of Magdalena are from the alluvial
sediments and from fractured bedrock (Timmons, 2013). As
a result of a sustained drought in the study area in 2012 and
2013, the Village of Magdalena’s main production well went
dry. In response, the New Mexico Bureau of Geology and
Mineral Resources collected groundwater-level measurements
from 37 wells and compared the groundwater-level measure-
ments to values reported when the wells were drilled (if avail-
able) and to a previous study by Summers (1975). Recharge to
the aquifers in the San Agustin alluvial basin near Magdalena
is primarily from precipitation (Timmons, 2013). Decreased
precipitation and increased withdrawals have caused
groundwater-level altitudes to decline by as much as 100 ft in
some locations. Local groundwater-level maps developed for
the Timmons (2013) study show the local groundwater flow
as north toward the Village of Magdalena and then to the east,
which deviates from the regional flow direction of the San
Agustin alluvial basin.

Concerns over water supply near Datil began in 2008
when a local rancher applied for a permit to drill 37 wells and
export as much as 54,000 ac-ft (66.6 Mm3) of groundwater
to Albuquerque. Residents and ranchers were concerned the
export would dry up their water supply (Utton Transboundary
Resources Center, 2015). To date [2021], the permit to pump
and export groundwater has been denied by the New Mexico
Office of the State Engineer (Bravo, 2018; Turner, 2019).
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Socorro Alluvial Basin

The Socorro alluvial basin is in the Socorro Basin in
central New Mexico. The Socorro Basin is connected to the
north with the Middle Rio Grande Basin and to the south with
the San Marcial and the Jornada del Muerto Basins (Wilkins,
1986). A detailed map of the extent of the Socorro Basin
has not been published to date [2021]. The Socorro Basin
includes volcanic rocks, sedimentary rocks, and fill associ-
ated with the Socorro alluvial basin (fig. 1; Newton, 2004).
The major geologic units in the Socorro alluvial basin include
Quaternary alluvium and the Sierra Ladrones and Popotosa
Formations of the Santa Fe Group. The Quaternary alluvium
and Sierra Ladrones Formation compose a shallow aquifer.
The upper part of the Popotosa Formation is considered a
confining unit, and the lower part of the Popotosa Formation
is locally referred to as the Popotosa aquifer (Anderholm,
1983; S.S. Papadopulos & Associates, Inc., 2002). According
to Anderholm (1983, p. 308), “on a local scale in the irrigated
part of the river valley, groundwater flow is dominated by the
river, conveyance channels, laterals, and drains.” The Socorro
alluvial basin is the third smallest alluvial basin in the upper
Rio Grande Basin, covering a little more than 390 mi’ in the
central part of the basin. With land-surface altitudes ranging
from about 4,460 to 5,710 ft above NAVD 88, the Socorro
alluvial basin has the smallest amount of topographic relief in
the alluvial basins and a median land-surface altitude of about
4,810 ft above NAVD 88.

La Jencia Alluvial Basin

The La Jencia alluvial basin is part of the La Jencia
Basin in central New Mexico. The La Jencia Basin is bounded
on the east and separated from the Socorro Basin by the
Socorro Mountains, on the west by the Bear and Magdalena
Mountains, on the south by the Magdalena Mountains, and on
the north by the Colorado Plateau and the Ladron Mountains
(Anderholm, 1987). A detailed map of the extent of the
La Jencia Basin has not been published to date [2021]. The
La Jencia Basin is east of Magdalena and defines where the
Rio Grande rift system broadens into a series of parallel basins
separated by intrarift horst blocks (Chapin, 1971; Land, 2016).

The major aquifer system in the Socorro alluvial basin
extends west to the La Jencia alluvial basin and consists of a
shallow aquifer that includes the Quaternary alluvium and the
Sierra Ladrones Formation of the Santa Fe Group and a deep
aquifer consisting of the Popotosa Formation of the Santa Fe
Group (Anderholm, 1983; S.S. Papadopulos & Associates,
Inc., 2002). Anderholm (1987) discussed how limestone,
dolomite, and gypsum substantially affect the groundwater
quality and how sandstones, conglomerates, and limestones
(where fractured) also act as aquifers in the basin. The
La Jencia Basin includes minor amounts of volcanic and sedi-
mentary rocks in addition to La Jencia alluvial basin (fig. 1;
Anderholm, 1983). As the smallest alluvial basin in the upper

Rio Grande Basin, the La Jencia alluvial basin covers a little
more than 200 mi” in the central part of the upper Rio Grande
Basin. The median land-surface altitude in the La Jencia allu-
vial basin of about 5,900 ft above NAVD 88 is the fifth highest
in the alluvial basins, and land-surface altitudes range from
about 5,130 to 8,310 ft above NAVD 88.

San Marcial Alluvial Basin

The San Marcial alluvial basin is in the San Marcial
Basin and is in central New Mexico. The main axis of the
San Marcial Basin trends from northwest to southeast and
coincides with the Rio Grande. The San Marcial Basin is
linked axially to the Engle Basin to the south, the Socorro
Basin to the north, and Jornada del Muerto Basin to the east
and is bounded to the west by the Magdalena and San Mateo
Mountains, to the southeast by the constriction of the Fra
Cristobal Mountains, and to the southwest by the San Mateo
Mountains (Wilkins, 1986). A detailed map of the extent of
the San Marcial Basin has not been published to date [2021].
The San Marcial Basin includes Tertiary volcanic rocks and
the San Marcial alluvial basin (fig. 1; Kelley, 1952). Although
the San Marcial alluvial basin covers approximately 470 mi”,
there is minimal development in the alluvial basin and rela-
tively little detailed hydrogeologic information. Land-surface
altitudes in the San Marcial alluvial basin range from about
4,420 to 7,400 ft above NAVD 88, and the alluvial basin has
the seventh highest median land-surface altitude in the upper
Rio Grande Basin at about 5,250 ft above NAVD 8&8.

Alamosa Creek Alluvial Basin

The Alamosa Creek alluvial basin (fig. 1) is in the
Alamosa Creek Basin in west-central New Mexico (Myers and
others, 1994, fig. 1). The Alamosa Creek Basin is bounded to
the northwest by the San Agustin Basin, to the northeast by
the San Mateo Mountains, and to the southwest by the Great
Continental Divide (Myers and others, 1994). The Alamosa
Creek Basin includes volcanic rocks, pre-Tertiary sedimentary
rocks, and the Alamosa Creek alluvial basin (fig. 1; Myers and
others, 1994). The Alamosa Creek alluvial basin is the second
smallest alluvial basin discussed in this report; it covers a
little less than 300 mi® along the western side of the upper
Rio Grande Basin. The Alamosa Creek alluvial basin has the
fourth highest median land-surface altitude at about 6,730 ft
above NAVD 88, and the topography ranges from about
5,310 to 7,910 ft above NAVD 88.

Engle Alluvial Basin

The Engle alluvial basin is in the Engle Basin in south-
central New Mexico. It is considered a half graben that
is axially linked to the San Marcial Basin of the southern
Rio Grande rift system, and together, these two basins connect



the Socorro Basin with the Palomas Basin (Connell and oth-
ers, 2013; Land, 2016). A detailed map of the extent of the
Engle Basin has not been published to date [2021]. The Engle
Basin includes volcanic rocks and the Engle alluvial basin
(fig. 1). The Engle alluvial basin is thickest in depth on the
eastern extent, along the Hot Springs fault, where the thick-
ness of the fill material is believed to be more than 2,300 ft
thick (Lozinsky, 1987). The Engle alluvial basin covers a little
more than 410 mi” and contains the Elephant Butte Reservoir.
Truth or Consequences, N. Mex., is the largest city in the
Engle alluvial basin and is about 12 mi south of the Elephant
Butte Reservoir, which coincides with the southern part of the
Socorro Basin. Within the Engle alluvial basin, land-surface
altitudes range from about 4,230 to 7,840 ft above NAVD 88,
and the alluvial basin has the eighth highest median land-
surface altitude of the alluvial basins in the upper Rio Grande
Basin at about 4,930 ft above NAVD 88.

Palomas Alluvial Basin

The Palomas alluvial basin is in the Palomas Basin in
south-central New Mexico. The Palomas Basin is connected
to the Engle Basin on the northern side by a structural trough
west of the Mud Spring Mountains (Kelley, 1952, pl. 1,

p- 99). The Palomas Basin is constrained on the east by the
Caballo Mountains, to the south by a constriction near Radium
Springs, and to the west by downfaulted Precambrian units
(Wilkins, 1986). The Palomas Basin includes Tertiary volcanic
and intrusive rocks, Paleozoic rocks, and the Palomas allu-
vial basin (fig. 1; Kelley, 1952). Along the eastern side of the
Palomas alluvial basin, fill consists of mostly poorly sorted,
coarse- to fine-grained sand with minor silt and clay interbeds
and reaches depths greater than 6,500 ft (Lozinsky, 1987). A
detailed map of the extent of the Palomas Basin has not been
published to date [2021]. Covering approximately 890 mi’ in
the central part of the study area, the Palomas alluvial basin is
the eighth largest alluvial basin in the upper Rio Grande Basin.
The Palomas alluvial basin has the second lowest amount of
topographic relief, and with groundwater-level altitudes rang-
ing from about 3,970 to 5,660 ft above NAVD 88, has the third
lowest median land-surface altitude in the alluvial basins at
about 4,560 ft above NAVD 88. Hatch is the largest city in the
Palomas alluvial basin and coincides with an area of intense
agriculture use along the Rio Grande.

Jornada del Muerto Alluvial Basin

The Jornada del Muerto alluvial basin (fig. 1) is in the
Jornada del Muerto Basin in south-central New Mexico
(Sheng, 2013, fig. 1). It is bounded by the Caballo and
Fra Cristobal Mountains to the west and the San Andres
Mountains to the east. Located in an extension-dominated
terrace, this basin is unique among the alluvial basins of the
upper Rio Grande Basin, exhibiting minimal faulting and
extension (Lozinsky, 1987). Because of the eastward tilt-
ing of the Caballo uplift and westward tilting of San Andres

Hydrogeologic Framework 15

uplift, the north-south trending Jornada del Muerto alluvial
basin is structurally a syncline (trough) that plunges to the
south-southeast (Seager, 2005; Newton and others, 2015). The
Jornada Draw fault zone, which runs approximately paral-
lel to the syncline from north to south with downthrow to the
east, substantially affects the groundwater system by creating
groundwater divides in some areas and connecting erosional
features in others (Newton and other, 2015). Hydraulic con-
ductivity is highly variable because the lithology primarily
consists of sandstones, siltstones, and conglomerates, which
have resulted in erosional features as less-resistant rocks
eroded (Newton and others, 2015). The Jornada del Muerto
Basin includes volcanic deposits, Paleozoic and Triassic
sedimentary rocks, and the Jornada del Muerto alluvial basin
(fig. 1). Kelley (1952, p. 6) states that “the sub-alluvial bench
of Santa Fe Group sediments probably does not connect

with deep Pliocene basins in the Jornada del Muerto Basin.”
The Jornada del Muerto alluvial basin extends more than
2,250 mi’. Land-surface altitudes in the Jornada del Muerto
alluvial basin range from about 4,080 to 6,430 ft above
NAVD 88, and the basin has the fourth lowest median land-
surface altitude at about 4,750 ft above NAVD 88.

Mesilla/Conejos-Médanos Alluvial Basin

The Mesilla/Conejos-Médanos alluvial basin (fig. 1) is
in the Mesilla/Conejos-Médanos Basin in south-central New
Mexico and far western Texas and extends south into Mexico
(Sheng, 2013, fig. 1). The Mesilla/Conejos-Médanos Basin
is bounded on the east by the Organ, Franklin, and Juarez
Mountains and to the north by the Robledo and Dofia Ana
Mountains (Wilkins, 1998; Hawley and others, 2001; Sheng,
2013). The Mesilla/Conejos-Médanos Basin is linked to the
north with the Palomas Basin and to the east with the Jornada
del Muerto Basin. The units of the Santa Fe Group, includ-
ing the Camp Rice Formation, Rincon Valley Formation,
and the Hayner Ranch Formation, make up the principal
aquifer system in the Mesilla/Conejos-Médanos Basin and
separate the Santa Fe Group into upper, middle, and lower
parts of the Santa Fe aquifer, respectively (Sweetkind, 2017,
Teeple, 2017).

The Mesilla/Conejos-Médanos Basin is an open basin,
and the Rio Grande passes through from Selden Canyon near
Radium Springs to the El Paso Narrows (Wilkins, 1998). The
Mesilla/Conejos-Médanos Basin includes exposed bedrock
formations of the mountain ranges, uplifted areas from volca-
nic activity, and the Mesilla/Conejos-Médanos alluvial basin
(fig. 1; Hoffer, 1976). The Mesilla/Conejos-Médanos alluvial
basin is the third largest alluvial basin the upper Rio Grande
Basin, covering nearly 3,150 mi’. Although it is one of the
largest basins in the upper Rio Grande Basin, it has the fourth
smallest topographic relief, with land-surface altitudes ranging
from about 3,720 to 5,790 ft above NAVD 88. The Mesilla/
Conejos-Médanos alluvial basin has the lowest median
land-surface altitude in the upper Rio Grande Basin at about
4,020 ft above NAVD 88.
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Tularosa-Hueco Alluvial Basin

The Tularosa-Hueco alluvial basin (fig. 1) is in the
Tularosa-Hueco Basin in the southern part of the upper
Rio Grande Basin in southern New Mexico and far western
Texas and extends southwest into Mexico (Sheng, 2013,
fig. 1). The Tularosa-Hueco Basin also includes White Sands
National Park, a gypsum sand dune field. The Tularosa-Hueco
Basin includes igneous rocks of Precambrian age, sedimen-
tary rocks, and the Tularosa-Hueco alluvial basin (fig. 1;
Heywood and Yager, 2003; Huff, 2004). The Texas Water
Development Board defines the aquifer contained within the
Mesilla/Conejos-Médanos and Tularosa-Hueco Basins as the
Hueco-Mesilla Bolsons aquifer (Texas Water Development
Board, 2019b). Although defined as a single major aquifer in
Texas, the Tularosa-Hueco alluvial basin and Mesilla/Conejos-
M¢édanos alluvial basin are structurally separate basins.

In published reports, the Tularosa and Hueco basins are
generally split arbitrarily about 7 mi north of the Texas border
into two basins (with the Tularosa basin to the north and the
Hueco basin to the south), although there are no structural or
groundwater divides that define a boundary between these
two basins (Wilkins, 1986). For this study, the Tularosa
and Hueco alluvial basins are defined as one alluvial basin;
however, only the Hueco part of the alluvial basin is within
the upper Rio Grande Basin study area, and the discussion
about groundwater-level altitudes and storage is focused on
the Hueco alluvial basin. The major geologic units in the
Hueco alluvial basin include Quaternary alluvium and the
Camp Rice and Fort Hancock Formations of the Santa Fe
Group. These geologic units compose the principal aquifer
system in the basin (Heywood and Yager, 2003; Petrossian
and others, 2017). Although the Tularosa-Hueco alluvial basin
is the largest alluvial basin of the 13 alluvial basins in this
study at a little more than 5,390 miz, only the Hueco part of
the alluvial basin is in the upper Rio Grande Basin, and its
area is about 2,390 mi’. At about 4,030 ft above NAVD 88, the
Tularosa-Hueco alluvial basin has the second lowest median
land-surface altitude in the upper Rio Grande Basin. Land-
surface altitudes range from a high of 6,070 ft to the lowest
land-surface altitude in the upper Rio Grande Basin at about
2,120 ft above NAVD 88.

Groundwater Level and Estimated
Groundwater Storage Change Analysis

Of the 2,699 wells with groundwater-level altitude data
used in this study, there were 1,055 wells with data for only a
single 5-year period during the study period, 703 wells with
data for 50 percent or more of the 5-year periods during the
study period, and only 57 wells with data for all 5-year periods
during the study period (Houston and others, 2020). The
temporal and geographic distribution of groundwater-level
measurements potentially introduces bias, limiting the analysis

to areas or well clusters that were known to have recorded
groundwater-level declines and where there has been focused
monitoring.

The median slope of groundwater-level altitudes (the
linear regression line of the 5-year median groundwater-level
altitudes) was computed to help evaluate groundwater-level
changes from 1980 to 2015 (table 2). The median slope
(median of all linear regression slopes computed for all wells
with 50 percent or more of the 5-year periods represented by
the years from 1980 to 2015) for the upper Rio Grande Basin
was a decline of 0.13 ft per 5-year period; declines were mea-
sured in 53 percent of the 703 wells. Computed median slopes
indicating declines in groundwater-level altitudes of 1.00 to
1.99 ft per 5-year period were measured in 17 percent of the
wells, of 2.00 to 2.99 ft per 5-year period in 3 percent of the
wells, and of more than 3.00 ft per 5-year period in 1 percent
of the wells (Houston and others, 2020). Overall, groundwater
levels rose in 6 percent of the 703 wells that contained data

Table 2. Median slope of 5-year median groundwater-level
altitudes for alluvial basins in the upper Rio Grande Basin in
Colorado, New Mexico, and Texas, United States, and in Mexico,
from 1980 to 2015.

[Groundwater-level measurements were grouped by site for each alluvial
basin in 5-year periods starting in November 1977 and ending in March 2017;
the groundwater-level measurements were only from the nonirrigation season
in each 12-month period when groundwater-withdrawals are at their annual
minimum amounts. The nonirrigation season is from November of the preced-
ing year through March of the following year. For the 5-year periods from
1980 through 2015, 1980 refers to a 5-year median of groundwater-level mea-
surements from November 1977 through March 1982; the subsequent 5-year
periods are defined in the same manner. The number of wells is for wells
where groundwater-level measurements were collected during 50 percent or
more of the study period. The median slope is the median linear regression
slope in feet (ft) per S-year period for the best-fit linear regression lines for
5-year median groundwater levels at sites with groundwater-level measure-
ments in 50 percent or more of the 5-year periods from 1980 to 2015; negative
median slope values indicate a decline in groundwater-level altitude (that is,
an increase in depth to groundwater) over the study period. —, insufficient
data]

Alluvial basin Number of wells Median slope (ft)
San Luis 55 0.01
Espafiola 66 -0.17
Middle Rio Grande 131 —-0.01
San Agustin 23 —0.03
Socorro 10 —
La Jencia — —
San Marcial 4 —
Alamosa Creek 2 —
Engle 7 —
Palomas 61 —-0.10
Jornada del Muerto 21 -0.01
Mesilla/Conejos-Médanos 169 -0.10
Tularosa-Hueco 154 -1.09
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for 50 percent or more of the study period, and in 4 percent of
the wells, groundwater levels rose by 1 ft or more per 5-year
period (Houston and others, 2020). The slope of groundwater-
level change for any single well may not represent condi-
tions for the entire alluvial basin, but the general pattern of
groundwater-level declines or rises in multiple wells may help
illustrate persistent patterns in the upper Rio Grande Basin.

The San Luis, Espafiola, Middle Rio Grande, and
Palomas alluvial basins each had seven wells with
groundwater-level data for the study period. In the Mesilla/
Conejos-Médanos and Tularosa-Hueco alluvial basins, there
were 25 and 4 wells, respectively, with groundwater-level data
for each 5-year period from 1980 to 2015. Of the 57 wells
with groundwater-level data for the entire study period, only
24 were completed in the Santa Fe Group in New Mexico and
Colorado or its equivalent in Texas and Mexico; the remaining
33 wells were completed in the alluvium or basin-fill deposits.
The 33 wells completed in the alluvium or basin-fill deposits
at depths of less than 150 ft exhibited numerous fluctuations
(rises and declines) in groundwater-level altitudes during the
study period. Compared with the fluctuating groundwater-
level altitudes in the 33 wells completed in the shallower allu-
vium or basin-fill deposits, the groundwater-level altitudes in
remaining 24 wells completed in the Santa Fe Group at depths
of more than 150 ft did not fluctuate appreciably but instead
tended to steadily decline during the study period.

Because there were few groundwater-level data spanning
the entire study period, grid-to-grid comparisons were used to
assess groundwater-level changes between the 5-year periods.
Using grid-to-grid comparisons may lead to high variance
in areas of low data density where data are not temporally
available for the entire period. This, in part, is why variance
grids were used to clip the data and why groundwater-level
change maps were developed only for areas that had accept-
able variance values for each 5-year period used in a grid-to-
grid comparison (Houston and others, 2020). The minimum,
median, and maximum groundwater-level changes by alluvial
basin (table 3) were computed from actual groundwater-level
measurements as opposed to median slopes derived from the

linear regression of median 5-year groundwater-level altitudes.

Maps depicting the median 5-year groundwater-level
altitudes from 1980 to 2015 were prepared for the upper
Rio Grande Basin (figs. 4-11). For the 5-year periods
from 1980 through 2015, 1980 refers to a 5-year median
of groundwater-level measurements from November 1977
through March 1982; 1985 refers to a 5-year median of
groundwater-level measurements from November 1982
through March 1987 (“Data Compilation and Refinement”
section of this report). The subsequent 5-year periods are
defined in the same manner. In addition to the median
groundwater-level altitude maps prepared at 5-year intervals,
median groundwater-level change maps were also prepared
for the overall study period (fig. 12). The process outlined
in the “Data Compilation and Refinement” section of this
report was used to minimize the effects that changes in the
spatial distribution of groundwater-level data could have on

the groundwater-level altitude and groundwater-level change
maps. Differences between median groundwater-level altitude
maps were then assessed to determine median groundwater-
level altitude changes between each 5-year period from 1980
to 2015.

San Luis Alluvial Basin

There are three primary regions in the San Luis Valley
that use groundwater obtained from the San Luis alluvial
basin: the Alamosa Valley area of Colorado, the Sunshine
Valley-Costilla Plain area north of Questa, N. Mex., and the
Taos Plateau in New Mexico (fig. 24). The Rio Grande Water
Conservation District monitors groundwater-level altitudes in
Colorado and has been producing groundwater-level altitude
and groundwater-level change maps of the unconfined aquifer
since 1942 (Davis Engineering Service, Inc., and Principia
Mathematica, Inc., 2017).

Groundwater-level data compiled for wells with measure-
ments during two consecutive 5-year time periods indicated
that the largest decline in groundwater-level altitudes in the
San Luis alluvial basin was approximately 28 ft between 2000
and 2005 (table 3). The largest rise in groundwater-level alti-
tude was approximately 32 ft between 1990 and 1995. Median
groundwater-level altitudes were essentially stable in the San
Luis alluvial basin, increasing at a rate of 0.01 ft per 5-year
period for wells from which groundwater-level measurements
were collected during 50 percent or more of the 5-year periods
from 1980 to 2015 (table 2). Wells used to assess the rate of
groundwater-level change are clustered in the Alamosa Valley
area east of Del Norte, Colo., and in the Sunshine Valley-
Costilla Plain area north of Questa (fig. 12), with both areas
showing a slight increase in water levels. No change (less
than a 0.1-ft rise or decline) was measured in 36 percent of the
wells in the San Luis alluvial basin. A median groundwater-
level decline of 0.1 ft or greater was measured in 33 percent of
the wells in the San Luis alluvial basin.

Within the San Luis alluvial basin, sufficient
groundwater-level data to develop grids representing the
time periods evaluated for this study (1980-2015) primarily
existed in areas with higher groundwater use in the northern
part of the basin and in areas along and east of the Rio Grande
(figs. 13—16). These areas of higher groundwater use cor-
respond to the Alamosa basin in Colorado and the Sunshine
Valley-Costilla Plain area in New Mexico that are described
in the “Hydrogeologic Framework™ section of this report. In
general, groundwater-level change maps show larger temporal
changes in the Sunshine Valley-Costilla Plain and Taos Plateau
areas (fig. 24). Specifically, data in an area west of Questa
indicated there were variations in groundwater-level changes
at the local scale.

Storage changes in the San Luis alluvial basin were
determined for an area of approximately 574 mi’ (12 per-
cent of the total basin) distributed in five different areas in
the basin (fig. 3). Changes in storage were based on specific



Table 3. Minimum, median, and maximum groundwater-level altitude change for wells that have groundwater-level data for both time periods being evaluated for alluvial basins
in the upper Rio Grande Basin, in Colorado, New Mexico, Texas, and Mexico.

[Groundwater levels altitude are measured in feet. Negative values indicate a decline in groundwater-level altitude (alternatively, an increase in depth to groundwater) during the study period. Count, number of
wells with measurements used for computations; —, insufficient data]

8l

Jornada  Mesilla/

Date range Parameter SanLuis Espaiiola Middle Rio San_ Socorro La_ San_ Alamosa Engle Palomas del Conejos- Tularosa-
Grande Agustin Jencia Marcial Creek . Hueco
Muerto  Medanos

1980 to 1985  Count 67 29 43 — — — — — 1 36 — 107 131
Minimum =5.13 —58.92 —49.00 — — — — — —0.85 -11.92 — —27.79 —39.06
Median 0.30 —-1.67 -3.00 — — — — — -0.85 0.07 — 0.78 -7.92
Maximum 15.72 23.70 18.08 — — — — — —-0.85 63.62 — 188.30 13.16

1985 to 1990 Count 70 62 64 — 9 — 3 — 7 37 25 154 158
Minimum -9.67  —183.00 —40.57 — —4.00 — -0.22 — 0.33 —22.79 -6.22 —19.63 -36.06
Median 1.27 -0.72 -0.94 — 0.09 — 0.42 — 3.50 1.38 0.75 0.11 -6.29
Maximum 15.42 51.61 11.50 — 3.56 — 10.14 — 28.31 44.25 84.13 9.51 16.26

1990 to 1995  Count 60 51 66 21 10 — 2 2 7 32 13 163 174
Minimum -16.40  —198.50 —-15.00 —13.26 —4.95 — —7.80 —-1.35 -2.75 —29.49 —38.62 —13.66 —33.49
Median 0.83 -0.97 —0.95 0.35 0.19 — —4.87 —0.74 0.22 0.32 —1.31 0.11 —4.84
Maximum 31.82 4.14 3.03 3.15 18.10 — -1.93 -0.12 3.55 24.38 4.00 31.10 7.86

1995 t0 2000  Count 69 33 113 11 3 — 1 — 1 66 11 148 129
Minimum —5.30 —294.38 —14.39 -1.73 -1.21 — 1.08 — —2.08 —8.79 —13.38 —7.64 —21.68
Median -0.29 -2.10 —-1.00 0.03 —-0.18 — 1.08 — -2.08 —-0.53 0.05 -0.20 -2.92
Maximum 16.18 3.13 172.15 14.12 -0.12 — 1.08 — -2.08 10.47 39.65 14.47 40.87

2000 to 2005 Count 37 43 111 — 3 — 1 — 1 55 11 137 99
Minimum —27.69  —163.45 —60.86 — —0.64 — 0.47 — 1.79 —10.31 -9.01 —-16.70 —21.23
Median —-1.66 -0.91 -1.07 — -0.17 — 0.47 — 1.79 -2.02 -0.38 —-1.65 -3.60
Maximum 13.21 274.94 8.33 — 1.84 — 0.47 — 1.79 11.61 4.36 5.44 17.50

2005t02010  Count 291 73 163 — 7 — 4 — 1 29 10 123 33
Minimum -16.75 -21.19 -22.19 — —5.43 — -1.78 — -1.83 =29.70 —40.49 —14.25 —-13.30
Median 1.34 -0.49 0.39 — 0.36 — -0.93 — —1.83 0.02 -1.20 —0.36 -1.10
Maximum 17.98 277.07 40.45 — 3.38 — 1.25 — —-1.83 56.90 71.12 8.85 5.65

2010t0 2015  Count 336 56 120 50 11 2 6 14 5 32 10 109 4
Minimum -19.25 —12.80 —18.50 -3.92 —6.08 —6.75 —2.48 —6.05 =7.77 —87.37 —6.29 —14.40 —2.30
Median —2.78 —0.07 1.36 —-0.13 —-1.25 -598 -0.36 -0.60 —4.17 —-1.60 2.46 -3.30 -1.85
Maximum 11.84 224.73 129.02 8.06 7.03 =5.21 13.22 0.56 4.37 8.24 7.65 17.96 —-0.61

1980 to 2015 Count 10 9 15 11 1 — — 2 1 18 — 40 4
Minimum —9.46  —162.64 —65.26 -34.00 —60.89 — — -0.09 3.36 -20.27 — -16.77 -1.97
Median -1.00 -37.05 —6.68 -1.33 —60.89 — — 1.36 3.36 -1.93 — -5.14 0.69

Maximum 7.87 6.74 29.84 —0.58 —60.89 — — 2.81 3.36 106.84 — 50.03 3.11
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Figure 4.

Map showing median 1980 groundwater-level altitude for the upper Rio Grande alluvial basins in Colorado, New Mexico, and
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Figure 9. Map showing median 2005 groundwater-level altitude for the upper Rio Grande alluvial basins in Colorado, New Mexico, and
Texas, United States, and Chihuahua, Mexico, for the 5-year period from November 2002 through March 2007.
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Figure 10. Map showing median 2010 groundwater-level altitude for the upper Rio Grande alluvial basins in Colorado, New Mexico,
and Texas, United States, and Chihuahua, Mexico, for the 5-year period from November 2007 through March 2012.
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Colorado, New Mexico, and Texas, United States, and Chihuahua, Mexico.
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Figure 13. Maps showing median groundwater-level changes for the San Luis alluvial basin during A, 1980-85 and B, 1985-90 in Colorado and New Mexico.
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Figure 14. Maps showing median groundwater-level changes for the San Luis alluvial basin during A, 1990-95 and B, 1995-2000 in Colorado and New Mexico.
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Figure 15. Maps showing median groundwater-level changes for the San Luis alluvial basin during A, 2000-05 and B, 2005-10 in Colorado and New Mexico.
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Figure 16. Maps showing median groundwater-level changes for the San Luis alluvial basin during A, 2010-15 and B, 1980-2015 in Colorado and New Mexico.
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yield estimates ranging from 0.05 to 0.24 (Powell and Mutz,
1958; Leonard and Watts, 1988). Smaller specific yield values
contribute to more subdued changes in storage, and larger
specific yield values contribute to larger changes in storage.
In the first two 5-year periods from 1980 to 1990 the amount
of groundwater in storage increased before decreasing in the
subsequent 5-year periods from 1990 to 2015. Overall, the
cumulative amount of groundwater in storage decreased by
as much as —1.05 million acre-feet from 1980 to 2015 when
an upper limit for specific yield of 0.24 was used to compute
storage (fig. 17).

The current [2021] San Luis alluvial basin groundwater-
flow model is the Rio Grande Decision Support System
(RGDSS) model (Harmon and others, 2016), which is used to
simulate groundwater in the unconfined and confined aqui-
fers in the part of the San Luis Valley in Colorado. Model
results indicate periods of both increases and decreases in
storage (fig. 18), with a recent period of cumulative increases
from about 2005 to about 2010 (figs. 18—19). Changes in
storage in the RGDSS model are caused by a combination
of changes in simulated inflows and outflows to the aquifer
system, mainly recharge (primarily from surface water and
irrigation return flow), evapotranspiration, and groundwater
withdrawals (fig. 20). Cumulative changes in storage from

the RGDSS model during the study period indicate the largest
decreases occurred after 2000 (fig. 19), which were offset
somewhat by increases in storage during 2005—10. Larger sim-
ulated decreases in storage from the RGDSS model (fig. 17)
correspond with larger parts of the gridded groundwater-
level change maps showing declines (figs. 1458, 154, and
164). Direct comparisons between the groundwater-flow
model results obtained from Harmon and others [2016] and
the storage computations from the water-level change maps
(figs. 13—16) cannot be made because they cover different
lateral spatial extents and different depths.

The RGDSS model simulates a thickness for the Santa Fe
aquifer system of as much as almost 9,000 ft. The depth of the
deepest groundwater well used for the storage computation is
1,080 ft, and the mean depth is about 55 ft. Although the mod-
eling results cover different spatial extents, a general pattern
of decreasing amounts of groundwater in storage is evident
from 1987 through 2005 (figs. 17 and 19). In the San Luis
Valley in southern Colorado, groundwater depletion in the
unconfined aquifer north and east of the Rio Grande in parts
of Rio Grande, Saguache, and Alamosa Counties between
1987 and 2005 was followed by a recovery of approximately
250,000 ac-ft (308 Mm3) in storage between late 2013 and
early 2018, following the implementation of a pay-to-pump
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Graph showing ranges of groundwater-storage changes for the San Luis alluvial basin for 5-year periods (blue) and

cumulative storage change from 1980 to 2015 (red); the black line represents cumulative storage change determined by using specific
yield of 0.05, and the red line represents cumulative storage change determined by using specific yield of 0.24. Blue bars represent the
range of storage volume change with one end representing the lower value of specific yield and the other end representing the upper

value of specific yield.
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Figure 18. Graph showing simulated changes in groundwater storage in the San Luis Basin, Colorado; data are from Harmon and

others (2016).
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others (2016).

groundwater program (Rio Grande Water Conservation
District, 2018). However, a severe drought that began in
2002 in the upper Rio Grande Valley and has persisted almost
uninterrupted to the present [2021], particularly in southern
Colorado, has undone some of the effects of the conservation
efforts (Bowlin, 2019).

The Sunshine Valley-Costilla Plain area is a small agri-
cultural area north of Questa that has been using groundwater
from the water-bearing units of the Santa Fe Group for farm-
ing since the 1950s. Between the 1950s and 1970s, there were
groundwater-level declines of as much as 50 ft in the area

(Garrabrant, 1993). Since 1980, groundwater-level altitudes
have recovered because groundwater withdrawals for irriga-
tion have decreased; however, increases in municipal demand,
particularly in and near Espafiola and Santa Fe, have offset
some of the decreases in groundwater withdrawals for irriga-
tion. In 2006, Santa Fe County purchased the land and water
rights from one of the last remaining farms in the Sunshine
Valley-Costilla Plain area. The farm owned approximately
1,750 ac-ft (2.16 Mm3) of water rights that were transferred to
Santa Fe County and the Nambé, Pojoaque, Tesuque, and San
Ildefonso Pueblos (Logan, 2015).
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Espaiiola Alluvial Basin

In the Espafiola alluvial basin, groundwater is used
primarily near Santa Fe in the southeastern part of the basin.
Similar to most areas in the upper Rio Grande Basin, more
groundwater-level data are available for areas of extensive
groundwater use than areas with little use. Because of the
concentration of groundwater data in the southeastern part
of the basin, groundwater-level change maps could only be
completed for part of the Espanola alluvial basin (figs. 21-24).
To help fully understand the effects of extensive groundwater
withdrawals in localized areas in the Espafiola alluvial basin,
groundwater-level data were included from production wells
for periods when the wells were not actively being pumped.
Groundwater-level data measured in the Buckman well field
generally displayed characteristics of groundwater-level data
typical of data collected from unconfined wells. However,
near the end of the study period, groundwater-level data from
wells in the Buckman well field displayed characteristics of
groundwater-level data typical of data collected from confined
wells. During these times, the groundwater altitude was above
land surface (that is, altitude at which the groundwater level
would have stood in tightly cased well extending above the
land-surface altitude).

Large rises in groundwater-level altitudes of approxi-
mately 275, 277, and 225 ft were observed during 200005,
2005-10, and 2010-15, respectively (table 3). Median
groundwater-level altitudes in the Espafiola alluvial basin
declined slightly at a rate of —0.17 ft per 5-year period in wells
from which groundwater-level measurements were collected
during 50 percent or more of the S-year periods from 1980 to

2015 (table 2). The largest 5-year declines in groundwater-
level altitudes were approximately 183, 199, 294, and 163 ft
during 1985-90, 1990-95, 1995-2000, and 200005, respec-
tively, when most of the groundwater-level altitude data
were obtained from wells in the Buckman well field or from
other wells clustered around Santa Fe (figs. 24 and 22B). The
majority of the wells in the Espafiola alluvial basin (71 per-
cent) showed declines (with the largest rate of change in

the Buckman well field), and groundwater-level altitudes in
25 percent of those wells declined at rates in excess of 1 ft per
S-year period.

Within the Espafiola alluvial basin, the amount of ground-
water in storage varied as municipal demand increased the
demand on groundwater resources and as conservation efforts
were implemented. Storage changes for the Espafola alluvial
basin were estimated for an area of approximately 386 mi’
(16 percent of the basin). Changes in storage were based on
specific yield estimates of 0.1 to 0.2 (Hearne, 1985; McAda
and Wasiolek, 1988; Frenzel, 1995). Smaller specific yield val-
ues contributed to more subdued changes, and larger specific
yield values contributed to larger changes in storage. During
2000-05 and 2010-15, the amount of groundwater in stor-
age increased; in the remaining 5-year periods, the amount
of groundwater in storage decreased, resulting in an overall
similar amount of storage in 2015 when compared with 1985
(fig. 25).

McAda and Wasiolek (1988) developed a groundwater-
flow model for the Tesuque aquifer in the Espafola Basin
that simulated groundwater conditions during 1947-82 by
primarily using a specific yield of 0.15, although a smaller
specific yield of 0.05 was used in a small inset area. Based on
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Figure 21. Maps showing median groundwater-level changes for the Espafiola alluvial basin during A, 1980-85 and B, 1985-90 in New Mexico.
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Figure 22. Maps showing median groundwater-level changes for the Espafiola alluvial basin during A, 1990-95 and B, 1995-2000 in New Mexico.
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Figure 23. Maps showing median groundwater-level changes for the Espafiola alluvial basin during A, 2000-05 and B, 2005-10 in New Mexico.
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Figure 24. Maps showing median groundwater-level changes for the Espafiola alluvial basin during A, 2010-15 and B, 1980-2015 in New Mexico.
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Figure 25. Graph showing ranges of groundwater storage changes for the Espafiola alluvial basin for 5-year periods (blue) and

cumulative storage change from 1980 to 2015 (red); the black line represents cumulative storage change using specific yield of 0.10,
and the red line represents cumulative storage change using specific yield of 0.20. Blue bars represent the range of storage volume
change with one end representing the lower value of specific yield and the other end representing the upper value of specific yield.

groundwater-level changes, simulated declines in storage in
the Tesuque aquifer during 1947-82 (fig. 26) are representa-
tive of a larger area within the Espanola basin (fig. 3) than
the area where storage changes were computed. Furthermore,
the groundwater-flow model simulates both the unconfined
(shallow) and confined (deep) aquifers within this basin,
whereas the storage computation based on groundwater-level
changes focuses on the unconfined system. The upper layer of
the model represents the top 800 ft of the aquifer. The layers
below layer 1 represent the confined units. The deepest well
for the storage computation from groundwater-level change
maps was completed to about 700 ft below land surface; the
mean well depth of the wells used to compute storage was
about 155 ft below land surface. The groundwater-flow model
does not indicate any net gaining periods of storage, whereas
storage computed by using the 5-year median groundwater-
level altitudes from 1980 to 2015 indicates actual net gains in
storage for 2000—05 and for 201015 (although these com-
puted values represent a smaller area; fig. 3).

Monthly measurements of groundwater-level altitudes
from the Buckman well field production wells are avail-
able from 1982 to 2019; groundwater-level altitudes from
these wells for the nonirrigation season were included in
the data compilation if the measurements were obtained
when the pumps were off. Because the Buckman well field
is one Santa Fe’s groundwater sources, in the mid-1980s,
researchers began studying the link between groundwater

withdrawals from the Buckman well field and reduced
streamflow in the Rio Grande (“Hydrogeologic Framework™
section of this report). The USGS installed monitoring

wells in the mid-1980s to help with this assessment. USGS
site number 355000106092802 (fig. 24) was completed

to a depth of 840 ft in the Santa Fe Group aquifer system

and began recording groundwater-level altitudes in 1986
(U.S. Geological Survey, 2017). The largest groundwater-
level decline in this well since installation was nearly 380 ft
in 2000, but groundwater levels have since recovered to their
highest altitudes for the period of record. Hydrographs from
the Buckman well field when wells were not pumping show
that the greatest declines in groundwater-level altitudes were
during 1999-2000; wells 1 to 8 (fig. 24 inset) show declines
of more than 400 ft in that period (Houston and others, 2020).
Groundwater-level altitudes in wells 1, 2, 7, and 8 have
returned to altitudes similar to or above those observed at

the start of the period of record (1986); however, as of 2019,
wells 3, 4, 5, and 6 continued to exhibit groundwater level
deficits between 35 and 80 ft relative to 1986. Groundwater
level-change maps developed for this study show comparable
groundwater-level declines in this area, with large declines
around the well field between each 5-year period from 1980
to 2000 and large recoveries after 2000, which corresponds
with the implementation of comprehensive water conservation
efforts and increased use of surface water diversions to help
meet the municipal demands in Santa Fe (figs. 21-24).
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Figure 26. Graph showing simulated annual outflows from groundwater storage in the Tesuque aquifer in the Espafiola Basin for the

McAda and Wasiolek (1988) groundwater-flow model.

Middle Rio Grande Alluvial Basin

Within the Middle Rio Grande alluvial basin, there were
43 or more wells with measurements during consecutive
S-year periods (table 3). Median groundwater-level changes
measured in individual wells declined during each 5-year
period from 1980 to 2005 (table 3). The largest decline in
groundwater-level altitude of approximately 61 ft was dur-
ing 2000-05, and the largest rise of approximately 172 ft was
observed during 1995-2000 (table 3). For the entire study
period, the largest decline in groundwater-level altitudes
was approximately 65 ft, and the largest rise was approxi-
mately 30 ft.

Wells with groundwater-level measurements for at least
50 percent of the 5-year periods from 1980 to 2015 were clus-
tered around the greater Albuquerque area (fig. 12). Although
considered essentially stable, the median rate of change for
five-year medians in the Middle Rio Grande alluvial basin
declined by —0.01 ft per 5-year period during the study period
(table 2), with flat (less than 0.1 ft rise or decline) linear-
regression slopes in 34 percent of wells, negative linear-
regression slopes in 34 percent of wells, and positive linear-
regression slopes in 31 percent of wells.

The Middle Rio Grande regional water plan
(New Mexico Office of the State Engineer, 2017) dis-
cussed the effects of the San Juan-Chama Project, which
was designed to supplement groundwater withdrawals by
an interbasin diversion of some of New Mexico’s allocated
surface water from the San Juan River into the Rio Chama.
The water plan stated that, although some areas with moni-
toring wells near old production wells in the Middle Rio
Grande alluvial basin have exhibited groundwater-level rises
(figs. 27-29) since withdrawals in some areas have been
replaced by the San Juan-Chama Project in 2010, other areas
continue to exhibit groundwater-level declines. Similarly, the
groundwater-level change map for 201015 shows localized

areas with groundwater-level altitude rises and declines near
Albuquerque (fig. 304). Groundwater-level change maps show
larger areas of groundwater declines in the earlier periods of
the study (1980-2005) along the boundaries of the mapped
extents and smaller areas of declines near the Rio Grande
(figs. 27, 28, and 294). Overall, the groundwater-level change
map for the entire study period shows the largest decline
around Albuquerque and Algodones, N. Mex., with smaller
declines along the Rio Grande (fig. 30B). Falk and others
(2011) stated that groundwater-level changes from predevel-
opment to 2008 are variable across the Middle Rio Grande
alluvial basin, with the smallest changes observed to the
southwest and along the Rio Grande, and the largest changes
observed east of Albuquerque.

Storage changes for the Middle Rio Grande alluvial
basin were estimated for an area of approximately 511 miz, or
17 percent of basin (fig. 3). Changes in storage were based on
specific yield estimates of 0.12 to 0.20 (Kernodle and others,
1995; Tiedeman and others, 1998; Barroll, 2001; McAda and
Barroll, 2002; S.S. Papadopulos & Associates, 2006; Bexfield
and others, 2011; Heywood, 2013). Smaller specific yield
values contribute to more subdued changes, and larger specific
yield values contribute to larger changes in storage. In most of
the 5-year periods, with the exceptions of 1980-85, 200005,
and 2010-15, the amount of groundwater in storage decreased
(fig. 31).

The McAda and Barroll (2002) model (1900-2000) was
updated by Bexfield and others (2011) to simulate ground-
water conditions in the Middle Rio Grande alluvial basin
during 19002008 (fig. 3), using a specific yield value of
0.20 uniformly throughout the modeled area. Storage reduc-
tions in the Middle Rio Grande alluvial basin began in the
mid-1950s and have continued ever since, except for a brief
period of recovery (or reductions in storage outflows) in the
mid-1980s, as seen in simulated outflows of groundwater from
storage (fig. 32). The simulated storage results and storage
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Figure 27. Maps showing median groundwater-level changes for the Middle Rio Grande alluvial basin during A, 1980-85 and B, 1985-90 in New Mexico.
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Figure 28. Maps showing median groundwater-level changes for the Middle Rio Grande alluvial basin during A, 1990-95 and B, 1995-2000 in New Mexico.
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Figure 30. Maps showing median groundwater-level changes for the Middle Rio Grande alluvial basin during A, 2010-15 and B, 1980-2015 New Mexico.
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Graph showing ranges of groundwater-storage changes for the Middle Rio Grande alluvial basin for 5-year periods (blue)

and cumulative storage change from 1980 to 2015 (red); the black line represents cumulative storage change using specific yield of 0.12
and the red line represents cumulative storage change using specific yield of 0.20. Blue bars represent the range of storage volume
change with one end representing the lower value of specific yield and the other end representing the upper value of specific yield.

results from groundwater-level altitudes cover different parts
and different depths of the study area of the Middle Rio
Grande alluvial basin (fig. 3). The Bexfield and others (2011)
groundwater-flow model simulates thicknesses of unconfined
and semiconfined units of as much as nearly 15,000 ft thick,
whereas the deepest well used in the storage computations
from groundwater-level changes is 935 ft deep, with mean
well depths of about 185 ft.

Even though the study areas used by McAda and Barroll
(2002) and Bexfield and others (2011) are different, the rate of
outflow of groundwater from storage slows during the early
1980s, as seen in the results from the Bexfield and others
(2011) groundwater-flow model (fig. 32), which corresponds

with the positive change in storage during 198085 as seen
in the groundwater-level altitude results (fig. 31). A similar
comparison was seen in the results with a reduction in storage
from 1985 to 2000. Ritchie and others (2019) describe how
groundwater-level altitudes are beginning to show a recovery
of about 20 to 30 ft following the addition of surface water to
the distribution system of the Albuquerque Bernalillo County
Water Utility Authority from the San Juan-Chama diversion
starting in 2008. The timing associated with the incorporation
of the additional source water from the Colorado River Basin
corresponds with increases in cumulative storage after 2008
(fig. 31) and localized rises in groundwater-level altitudes
(figs. 28, 29, and 30A4) near Albuquerque.
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Figure 32. Graph showing simulated inflows to and outflows from groundwater in storage by model stress period (of variable length) from 1900 to 2009 in the Santa Fe
Group aquifer system in the Middle Rio Grande alluvial basin for the Bexfield and others (2011) groundwater-flow model. The data before 1900 represent the predevelopment
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San Agustin Alluvial Basin

During 1980-90 and 2000-10, there were no wells with
groundwater-level measurements for consecutive 5-year
periods measured in the San Agustin alluvial basin. For 5-year
periods that have groundwater-level measurements in wells
for consecutive time periods, the largest decline of approxi-
mately 13 ft was observed during 1990-95, and during the
entire study period, a maximum groundwater-level altitude
decline of approximately 34 ft was observed at a single well.
The largest rise in groundwater-level altitude observed in a
single well for 5-year time periods was approximately 14 ft
during 1995-2000. For the entire study period, no rises in
groundwater-level altitudes in individual wells were observed
in the San Agustin alluvial basin wells (table 3).

There are 23 wells distributed relatively evenly through-
out the part of the San Agustin alluvial basin west of the
Gallinas Mountains from which groundwater-level measure-
ments were collected during 50 percent or more of the study
period. The median slopes of 5-year median groundwater-level
altitudes in the San Agustin alluvial basin are essentially stable
from 1980 to 2015 (table 2). The linear-regression slopes of
the best-fit line to the medians was relatively flat for 83 per-
cent of the wells in the basin (fig. 12).

The compiled groundwater-level data for the San Agustin
alluvial basin were insufficient to develop groundwater-
level altitude grids for the 5-year periods from 1985 to 2005.
Storage changes could not be computed for the San Agustin
alluvial basin because of insufficient data coverage for the
study period.

Socorro Alluvial Basin

Although the Socorro alluvial basin has wells that have
measurements in consecutive 5-year periods for each period
after 1980-85, each period has 11 or fewer wells. The larg-
est decline in groundwater-level altitudes for these wells
in the Socorro alluvial basin was approximately 6 ft during
2010-15, and the largest rise was approximately 18 ft during
1990-95 (table 3). Only one well had data available from 1980
to 2015, and it had a decline in groundwater-level altitude of
approximately 61 ft. The compiled groundwater-level data
for the Socorro alluvial basin were insufficient for developing
groundwater-level altitude grids for 2000—05. Storage changes
could not be computed for the Socorro alluvial basin because
of insufficient data coverage for the study period.

La Jencia Alluvial Basin

Groundwater-level data for the La Jencia alluvial basin
are of limited availability. Only two wells have groundwater-
level measurements for consecutive periods for 2010-15
(table 3) During 2010-15, there was a maximum decline in

groundwater-level altitudes of approximately 7 ft and no rises.
No wells had groundwater-level measurements represent-

ing 50 percent or more of the 5-year increments represent-

ing by the study period, and therefore the compiled median
groundwater-level measurements were insufficient to evaluate
groundwater-level change. Storage changes could not be com-
puted for the La Jencia alluvial basin because of insufficient
data coverage for the study period.

San Marcial Alluvial Basin

Similar to the La Jencia alluvial basin, there are limited
groundwater-level data available for the San Marcial allu-
vial basin, and most periods have fewer than 5 wells with
measurements for consecutive periods. The largest decline
in groundwater-level altitudes in wells with measurements in
consecutive periods was about 8 ft observed during 1990-95,
and the largest rise was about 13 ft during 2010-15 (table 3).
There are no individual wells with groundwater-level altitude
measurements for both the 1980 and 2015 5-year periods.
Groundwater-level measurements were collected from four
wells in the San Marcial alluvial basin during 50 percent
or more of the study period (table 2). With only one com-
plete record of groundwater-level altitudes and large gaps
in data collection records for the remaining wells, the com-
piled median groundwater-level measurements were insuf-
ficient to evaluate groundwater-level change. The compiled
groundwater-level data for the San Marcial alluvial basin were
insufficient for the development of groundwater-level altitude
grids for the 1990-95, 1995-2000, and 2000—05 periods.
Storage changes could not be computed for the San Marcial
alluvial basin because of insufficient data coverage for the
study period.

Alamosa Creek Alluvial Basin

The Alamosa Creek alluvial basin only had groundwater-
level data for consecutive 5-year periods for the 1990-95 and
2010-15 periods. For wells with measurements during consec-
utive 5-year periods, the largest decline (6 ft) and largest rise
(0.6 ft) in groundwater-level altitudes were observed during
2010-15. For the entire study period, the largest decline in the
two wells with groundwater measurements in the two 5-year
periods was approximately 0.1 ft, and the largest rise was
approximately 3 ft. There were insufficient data to compute a
median slope for the Alamosa Creek alluvial basin (table 2).
The compiled groundwater-level data for the Alamosa Creek
alluvial basin were insufficient for developing groundwater-
level altitude grids for the 1985-85, 1995-2000, 2000-05, and
2005-10 periods. Storage changes could not be computed for
the Alamosa Creek alluvial basin because of insufficient data
coverage for the study period.
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Engle Alluvial Basin

Groundwater in the Engle alluvial basin is used in Truth
or Consequences for domestic and agriculture purposes. Truth
or Consequences is considered a resort town and has numer-
ous hot springs from geothermal sources. Other than areas
near the towns of Truth or Consequences, Elephant Butte, and
Williamsburg in the southern side of the basin and Monticello
in the northwest, there is very little development in the
Engle Basin. Although wells are spatially distributed evenly
throughout the Engle alluvial basin, wells typically only have
measurements for one 5-year period. Within the Engle alluvial
basin, there are only three date ranges with more than one
well that have consecutive 5-year measurements (1985-90,
1990-95, and 2010-15). The largest decline in groundwater-
level altitudes observed at wells with measurements in
consecutive 5-year period was about 8 ft during 201015,
and the largest rise was about 28 ft during 1985-90 (table 3).
The groundwater-level altitude rose by about 3 ft in the only
well with groundwater-level measurements in both the 1980
and 2015 5-year periods. Because median groundwater-level
measurements for 50 percent or more of the 5-year periods
were only available from seven wells, the compiled median
groundwater-level measurements were insufficient to evaluate
groundwater-level change. The compiled groundwater-level
data for the Engle alluvial basin were insufficient for devel-
oping groundwater-level altitude grids for the 2000 5-year
period. Storage changes could not be computed for the Engle
alluvial basin because of insufficient data coverage for the
study period.

Palomas Alluvial Basin

In the Palomas alluvial basin, groundwater-level mea-
surements were made at 29 or more wells with measurements
in consecutive 5-year periods (table 3). The groundwater-level
altitude data indicated that, in individual wells, the maximum
groundwater-level altitude decline was about 87 ft during
201015, and the largest rise was about 64 ft during 1980-85.
The largest groundwater-level altitude decline was about 20 ft,
and the largest rise, about 107 ft for the 18 individual wells
with measurements in both 1980 and 2015 5-year periods
(table 3). Median values for 5-year change in groundwater-
level altitudes for wells with measurements in consecutive
S-year periods range from declines of about 1.8 ft to rises of
about 1.5 ft, with declines during four of the seven 5-year
change periods from 1980 to 2015. Median groundwater-level
altitudes in the Palomas alluvial basin declined by 0.1 ft per
5-year period for wells from which groundwater-level mea-
surements were collected during 50 percent or more of the
5-year periods from 1980 to 2015 (table 2). Groundwater-level
declines were observed in 49 percent of the wells, and no
change was observed in 38 percent of the wells (fig. 12).

Storage changes for the Palomas alluvial basin were
estimated for an area of approximately 325 mi’ (37 percent
of basin; fig. 3). Changes in storage were based on specific
yield estimates of 0.07 to 0.25 (Weeden and Maddock, 1999;
Hanson and others, 2020). Smaller specific yield values
contribute to more subdued changes, whereas larger specific-
yield values contribute to larger changes in storage. Using the
information from previously published groundwater models,
during 1980-90, 1995-2000, and 2005-10, the amount of
groundwater in storage increased, but similar to the amount of
storage computed by using median groundwater levels, cumu-
lative storage remained comparable in 2015 relative to 1985
(fig. 33). A groundwater-flow model developed for the Rincon
Valley within the Palomas alluvial basin simulated changes
in storage (Hanson and others, 2020). The results from this
model, which included the Rincon Valley and the Palomas
alluvial basin within its much larger study area, are discussed
in the “Mesilla/Conejos-Médanos Alluvial Basin” section of
this report.

The southern part of the Palomas alluvial basin contains
the Rincon Valley where Hatch is located. Crops grown in the
Rincon Valley near Hatch include chiles, cotton, onions, and
pecans (Driscoll and Sherson, 2016). Groundwater-level mea-
surements in the Palomas alluvial basin are clustered along
the Rio Grande from about 17 mi upstream to about 12 mi
downstream from Hatch, which corresponds to the agricultural
region of the Rincon Valley (fig. 2B). The Natural Resources
Conservation Service reported that, in each annual growing
season during periods when the Rio Grande flows through
the Rincon Valley, wells in the region generally showed a
short initial rise in groundwater-level altitudes which may be
caused by the use of surface water from the Rio Grande to
irrigate crops, reduced groundwater withdrawals, and water
from the Rio Grande seeping into the groundwater system
(Stringam and others, 2016). The initial rises in groundwater-
level altitudes are followed by declines in groundwater-level
altitudes once groundwater withdrawals resume. These cycles
of rising then declining groundwater-level altitudes are highly
variable from year to year because the annual releases from
the Caballo Dam during the irrigation season vary depending
on the amount of winter snowpack in Colorado and northern
New Mexico.

Jornada del Muerto Alluvial Basin

The largest groundwater-level altitude declines at
individual wells were about 39 and 40 ft during 1990-95
and 2005-10, respectively (table 3). The largest rises in
groundwater-level altitudes were about 84 and 71 ft during
1985-90 and 2005-10, respectively. Median groundwater-
level altitudes in the Jornada del Muerto alluvial basin were
relatively stable (less than 0.1 ft of rise or decline) for wells
from which groundwater-level measurements were collected
during 50 percent or more of the 5-year periods from 1980 to
2015 (table 2). Groundwater-level declines were observed in
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Figure 33. Graph showing ranges of groundwater-storage changes for the Palomas alluvial basin for 5-year periods (blue) and
cumulative storage change from 1980 to 2015 (red); the black line represents cumulative storage change using specific yield of 0.07 and
the red line represents cumulative storage change using specific yield of 0.25. Blue bars represent the range of storage volume change
with one end representing the lower value of specific yield and the other end representing the upper value of specific yield.

43 percent of the wells, and rises were observed in 29 percent
of the wells. Most of the 21 wells with groundwater-level
measurements available for 50 percent or more of the study
period are in the western half of the basin, primarily south of
the Caballo Reservoir (fig. 2B). There are also a few wells
with multiple measurement in the northern part of the basin.
Storage changes could not be computed for the Jornada del
Muerto alluvial basin because data coverage for the alluvial
basin was less than 10 percent.

Mesilla/Conejos-Médanos Alluvial Basin

Among the 13 alluvial basins discussed in this report,
the Mesilla/Conejos-Médanos alluvial basin had the most
wells with groundwater-level measurements in consecu-
tive 5-year periods, with groundwater-level data from at
least 107 wells in each 5-year period (table 3). The largest
decline of groundwater-level altitudes at individual wells was
about 28 ft during 1980-85, and the largest rise was about
188 ft, which was also during 1980-85. For the entire study
period, 40 wells have measurements in both 1980 and 2015,
the maximum decline measured in these wells was about
17 ft, and the maximum rise was about 50 ft. The median
5-year change in individual wells were declines after 1995.
Groundwater-level change maps developed for this study
show localized areas of declines in the area east of the Dofia
Ana Mountains and small localized rises in the north-central
parts of the basin (figs. 34—37). Because of drought conditions

in 2004, surface-water releases from the Elephant Butte Dam
were reduced, and supplemental groundwater use for irrigation
needs rose to more than 154,000 ac-ft/yr (190 Mm3/yr), more
than
double the long-term mean of about 70,000 ac-ft/yr
(86.3 Mm3/yr; Sheng, 2013). In 2010, Ciudad Juarez started
pumping groundwater from its well field that is hydraulically
connected to the Mesilla/Conejos-Médanos alluvial basin
(Sheng, 2013), which coincides with areas of groundwater-
level altitude declines to the west of Ciudad Juarez from 2005
to 2010 (fig. 36B8). Changes in storage can vary considerably
from year to year, depending on land use, groundwater with-
drawals, and climate conditions (Hanson and others, 2020).
Median groundwater-level altitudes in the Mesilla/
Conejos-Médanos alluvial basin declined by a median rate
of 0.10 ft per 5-year period for the 169 wells from which
groundwater-level measurements were collected during
50 percent or more of the 5-year periods from 1980 to 2015
(table 2). Groundwater-level altitudes declined in 51 percent
of these 169 wells, and 43 percent of wells had little to no
change during the study period. Most of the wells included in
the linear regression slope analysis are distributed along the
Rio Grande in the Mesilla/Conejos-Médanos alluvial basin.
Multiple groundwater level studies in the Mesilla/Conejos-
Meédanos alluvial basin found that trends in groundwater-level
changes vary for different layers (alluvium, upper, middle, or
lower Santa Fe Group) and that groundwater-level data in the
alluvium are more variable and relatively scarce compared
with the deeper units (Sheng, 2013).
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Figure 34. Maps showing median groundwater-level changes for the Mesilla/Conejos-Médanos alluvial basin during A, 1980-85 and
B, 1985-90 in New Mexico and Texas in the United States and Chihuahua in Mexico.
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Figure 35.

B, 1995-2000 in New Mexico and Texas in the United States and Chihuahua in Mexico.

Maps showing median groundwater-level changes for the Mesilla/Conejos-Médanos alluvial basin during A, 1990-95 and
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Figure 36. Maps showing median groundwater-level changes for the Mesilla/Conejos-Médanos alluvial basin during A, 2000-05 and

B, 2005-10 in New Mexico and Texas in the United States and Chihuahua in Mexico.
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Figure 37. Maps showing median groundwater-level changes for the Mesilla/Conejos-Médanos alluvial basin during A, 2010-15 and

B, 1980-2015 New Mexico and Texas in the United States and Chihuahua in Mexico.
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The majority of recharge in the Mesilla/Conejos-
Meédanos alluvial basin is from seepage from the Rio Grande
and its tributaries, percolation (return flow) from irrigation
water, and small amounts of groundwater inflow to the basin
and mountain-front recharge from the Franklin Mountains and
West Mesa (Sheng, 2013). Nickerson and Myers (1993, p. 20)
stated that “the net transfer of water to or from the aquifer sys-
tem by recharge and discharge mechanisms is related directly
to Rio Grande streamflow and the volume of river water used
for irrigation.” Although the combination of limited and vari-
able recharge along with drought conditions and surface water
management practices have complicated the long-term under-
standing of the groundwater system in the basin, overall, most
of the Mesilla/Conejos-Médanos alluvial basin experiences
minimal declines in groundwater-level altitudes, with some
localized areas experiencing larger declines. Seepage inves-
tigation data show that, although there were gaining reaches
early in the study period (2009—-13) along the Rio Grande
during low flow, these reaches became neutral or losing by the
end of the study period.

Storage changes for the Mesilla/Conejos-Médanos allu-

vial basin were estimated for an area of approximately 603 mi’

(19 percent of basin; fig. 3). Changes in storage were based on
specific yield estimates of 0.10 to 0.20 (Weeden and Maddock,
1999; Hawley and Kennedy, 2004). Smaller specific yield
values contribute to more subdued changes, and larger specific
yield values contribute to larger changes in storage. The

amount of groundwater in storage increased during 1980-85
and slightly in 1990-95, and decreased during 1985-90,
1995-2000, 2000-05, 200510, and 201015 (fig. 38).

The Rio Grande Transboundary Integrated Hydrologic
Model, a numerical groundwater-flow model developed for
the Rincon Valley (which spans parts of both the Mesilla/
Conejos-Médanos and Palomas basins), the Mesilla basin, and
the northern part of the Mesilla/Conejos-Médanos Basin, was
built by Hanson and others (2020) to assess the use and move-
ment of groundwater in this area. Storage declines were seen
in relatively recent years starting in 1995 (excluding 2005 and
2007) according to results from this model (fig. 39). Positive
storage inflows into the aquifer represent losses of ground-
water in storage in figure 39. Although the simulated storage
declines from the model generally agree with the cumulative
storage declines estimated using groundwater-level altitudes
and specific yield estimates, they are generally of higher
magnitude. The groundwater-flow model simulates storage in
a larger area and at greater depths than that estimated by the
storage computation based on groundwater-level changes. The
model simulates groundwater from land surface to the bed-
rock, a total thickness in the thousands of feet. In contrast, the
deepest well used in the storage computation for the Mesilla/
Conejos-Médanos alluvial basin, as determined from median
S5-year groundwater-level change maps, is 472 ft deep, and the
mean well depth was about 110 ft.
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Figure 38. Graph showing ranges of groundwater-storage changes for the Mesilla/Conejos-Médanos alluvial basin for 5-year periods
(blue) and cumulative storage change from 1980 to 2015 (red); the black line represents cumulative storage change using specific yield
of 0.10 and the red line represents cumulative storage change using specific yield of 0.20. Blue bars represent the range of storage
volume change with one end representing the lower value of specific yield and the other end representing the upper value of specific

yield.
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(2020, fig. 36A).

Tularosa-Hueco Alluvial Basin

There were more than 99 wells in the Tularosa-Hueco
alluvial basin with groundwater-level measurements for
consecutive 5-year periods in individual wells beginning from
1980 to 2005. There were only 33 wells in the Tularosa-Hueco
alluvial basin with groundwater-level measurements avail-
able for the consecutive 5-year periods from 2005 to 2010 and
only 4 wells with consecutive 5-year period measurements
from 2010 to 2015. Because few groundwater-level data were
available for the 2010-15 period, there were insufficient data
to evaluate the 2015 Tularosa-Hueco alluvial basin 5-year
period. The largest declines in groundwater-level altitudes in
the Tularosa-Hueco alluvial basin were about 39, 36, and 33 ft
for the 1980-85, 1985-90, and 1990-95 periods, respectively.
The largest rise was about 41 ft for the 1995-2000 period. The
largest decline in groundwater-level altitude in the four wells
with measurements made in 1980 and 2015 was about 2 ft, and
the largest rise was approximately 3 ft (table 3). For all 5-year
periods, median changes in groundwater altitudes declined
by about 1 to 7 ft in individual wells measured in consecutive

S-year time periods. Similarly, median groundwater-level
altitudes in the Tularosa-Hueco alluvial basin declined by
approximately 1.09 ft per 5-year period in the wells from
which groundwater-level measurements were collected during
50 percent or more of the 5-year periods from 1980 to 2015
(table 2). Groundwater-level altitudes declined in 88 percent
of the wells in Tularosa-Hueco alluvial basin used in the linear
regression slope analysis; most of these wells were clustered
around the greater El Paso area.

The small amount of groundwater recharge in the
Tularosa-Hueco alluvial basin is in the form of irrigation
percolation (return flows), seepage from the Rio Grande and
its irrigation canals, mountain-front recharge, forced injection
recharge, and reclaimed wastewater returns (Sheng, 2013). In
addition to the recharge mechanisms summarized by Sheng
(2013), Hutchison and Hibbs (2008, p. 386) reported that
“induced infiltration from the Rio Grande alluvium to the
Hueco Bolson aquifer amounts to more than 25 percent of cur-
rent [2021] municipal pumping in El Paso and Ciudad Juarez.”
Groundwater-level data for the Tularosa-Hueco alluvial basin
are primarily available for the area along the Rio Grande from
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just north of El Paso to near Fort Hancock, Tex. (figs. 40—42).
Heywood and Yager (2003, p. 5) discussed how “hydrographs
of groundwater-level altitudes measured in the United States
and Mexico during 1935-96 show that groundwater-level
altitudes have declined concurrently with increased ground-
water withdrawals.” In 1990, El Paso reached its peak annual
withdrawal to date [2021] with nearly 80,000 ac-ft (98.7 Mm3)
of groundwater withdrawn for municipal supply before reduc-
ing its withdrawals from the Tularosa-Hueco alluvial basin to
preserve fresh groundwater (Sheng and Devere, 2005; Sheng,
2013). Overall, the groundwater-level altitudes between 1980
and 2010 declined by around 50 to 80 ft, where data are avail-
able near El Paso, Tex.

Storage changes for the Tularosa-Hueco alluvial basin
were estimated for an area of approximately 401 mi’ (17 per-
cent of the Hueco Bolson part of the alluvial basin) in the
southern part of the basin (fig. 3). Changes in storage were
based on specific-yield estimates of 0.05 to 0.30 (Heywood
and Yager, 2003; Terracon and others, 2003; Montgomery &
Associates and Hutchison, 2016). Smaller specific yield values
contribute to more subdued changes, and larger specific yield
values contribute to larger changes in storage. The amount of
groundwater in storage increased during 1985-90, but other-
wise decreased during all other periods and cumulatively in
this part of the basin from 1980 to 2010 (fig. 43).

Two groundwater-flow models for the Tularosa-Hueco
alluvial basin area were used to further assess changes in stor-
age for this basin. The model of Heywood and Yager (2003)

simulated the Hueco basin from 1903 to 1996 by using a value
of 0.178 for specific yield. Montgomery & Associates and
Hutchison (2016) developed a model for the El Paso Water
Utility that simulated the Hueco Bolson aquifer from 1977 to
2013 by using a specific yield of 0.177. Both models indicate
declines in storage throughout the modeled periods (fig. 44),
which agrees with the storage changes estimated using
groundwater levels and specific yield estimates. Similar to the
declines in the groundwater level grids (figs. 40—42), the simu-
lated declines were in areas of groundwater withdrawals, such
as those near El Paso where surface-water resources needed
for agricultural and urban demands are dependent on deliver-
ies from the Elephant Butte and Caballo Reservoirs upstream
in New Mexico. The groundwater-flow models simulate a
larger area (fig. 3) of the Tularosa-Hueco alluvial basin than
the 401 mi” arca where storage changes were computed by
using the groundwater-level change maps. Furthermore, the
groundwater-flow models simulated the groundwater either

to a depth of nearly 2,000 ft (Heywood and Yager, 2003) or
through the top 200 ft of the middle Santa Fe Group (Mont-
gomery & Associates and Hutchison, 2016). The depth of the
deepest well used for groundwater storage computations for
the Tularosa-Hueco alluvial basin using the 5-year median
groundwater-level change maps was 506 ft, and the mean well
depth was about 235 ft.
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Figure 40. Maps showing median groundwater-level changes for the Tularosa-Hueco alluvial basin during A, 1980-85 and B, 1985-90
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58 Hydrogeologic Framework and Groundwater Characterization, Alluvial Basins, Upper Rio Grande Basin, 1980-2015
A 106°26'30" 105°41'00" B 106°26'30" 105°41'00"
% T . T % T T EXPLANATION
/ / Groundwater-level
'{ ‘{ change, in feet
f j Less than -80.00
N : . ! -80.00 to -60.01
i A 3 § ~60.00 to ~40.01
© Vs c S -40.00 to -20.01
g y g 3 -20.00 to -0.01
N ) 0.00 to 20.00
1 , 20.01 to 40.00
33°36'30" i | ! | 40.01 to 60.00
¥ 60.01 to 80.00
7 Greater than 80.00
> —-—Study area
J boundary
~ —— Tularosa-Hueco
3-' alluvial basin
E boundary
&
k)
{
32°5100" - 1 .
\2 !' .
}? 3
L 52?
= C?ices ‘
San \
Pablo v
- Y.
32°05'30" 3 =+ —
NEW MEXICO _ Anthorly A\ . %\ _ NEWMEXICO _
TEXAS 7 9 TN ANy TEXAS T
UNIT UNITED R
STAT STAT Y
- _—— El Paso .
CHIHUAH CHIHUAHU S \
MEXICO Ciudad Juarez -
3
.. \ - ——
> ) COLORADO -l
Tornillo - Tornillo Y [Studyarea |
Fort
31°20°00" — A Hancock
2
=8 °c)
[ : “cy. \
TN \
'-/\‘ . ™ i ad \‘ ) :\’ce
‘\. Ry« \ ~§ || cmmuanua v
\ \
Py o - 0
~',J | ! :'J ! ! N/ ]
Base modified from U.S. Census Bureau digital data, 1:500,000, 2015 0 10 20 30 40 MILES
Universal Transverse Mercator, zone 13 | | | | |
North American Datum of 1983 T 7 T 7
0 10 20 30 40KILOMETERS
Figure 41. Maps showing median groundwater-level changes for the Tularosa-Hueco alluvial basin during A, 1990-95 and B, 1995-2000
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Figure 43. Graph showing ranges of groundwater-storage changes for the Tularosa-Hueco alluvial basin for 5-year periods (blue) and
cumulative storage change from 1980 to 2015 (red); the black line represents cumulative storage change using specific yield of 0.05 and
the red line represents cumulative storage change using specific yield of 0.30. Blue bars represent the range of storage volume change
with one end representing the lower value of specific yield and the other end representing the upper value of specific yield.
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Figure 44. Graph showing simulated annual inflows to and outflows from groundwater storage in the Hueco Bolson aquifer for the Heywood and Yager (2003) and Montgomery
& Associates and Hutchison (2016) groundwater-flow models.
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Summary

Increasing demand for the limited water resources
of the United States continues to put pressure on resource
management agencies to balance the competing needs of
ecosystem health with municipal, agricultural, and other
uses. To assist resource managers in evaluating these needs,
the U.S. Geological Survey conducted a multiyear study to
evaluate water resources in the upper Rio Grande Basin in
the southwestern United States. The upper Rio Grande Basin
extends from south-central Colorado through New Mexico and
west Texas, into Chihuahua, Mexico. The upper Rio Grande
Basin is composed of a sequence of alluvial basins that formed
in the Rio Grande rift approximately 30 million years ago.

This report describes the hydrogeology of the upper
Rio Grande Basin and how the groundwater resources in
the basin have changed from 1980 to 2015. The hydrogeo-
logic framework includes the horizontal delineation of the
alluvial basins within the upper Rio Grande Basin from the
headwaters in Colorado to Fort Quitman, Texas, including
part of Chihuahua, Mexico. In addition to the extents and
descriptions of the alluvial basins, groundwater-level measure-
ments were compiled where available from existing database
resources and used to construct groundwater-level altitude
and groundwater-level change maps. These groundwater-level
altitude maps along with existing groundwater-flow models
were used to estimate groundwater-storage change in the
alluvial basins.

Kriging algorithms in Oasis montaj were used to deter-
mine the most probable value at each 200x200-meter (m;
656-by-656-foot [ft]) grid node based on a statistical analy-
sis of the entire dataset within the active cells for each grid.
Variance maps, automatically developed during the kriging
process, were used to evaluate the spatial uncertainty in the
groundwater-level altitude maps. These variance maps were
used to clip the final groundwater-level altitude grids such
that only those data with acceptable uncertainty values were
retained.

Median groundwater-level altitudes were plotted, and
changes were computed as the linear regression slope of the
computed median groundwater-level data for each well to
determine the rate of change, provided that there were data for
at least 50 percent of the study period. Of the 2,699 wells with
groundwater-level data used in this study, 1,055 wells had data
for only a single 5-year period, 703 wells had data for 50 per-
cent or more of the 35 years of the study, and only 57 wells
had 5-year groundwater-level data for the entire study period.
The median slope of groundwater-level altitudes was com-
puted to help evaluate median groundwater-level changes from
1980 to 2015. Rates of declines greater than 1 ft per 5-year
period were measured in 17 percent of the wells; greater than
2 ft per 5-year period, in 3 percent of the wells; and greater
than 3 ft per 5-year period, in 1 percent of the wells. Rises
were measured in 14 percent of the 703 wells that contained
data for 50 percent or more of the study period. Groundwater-
level altitudes rose by more than 1 ft per 5-year period in

4 percent of the wells. The median decline in water levels in
the upper Rio Grande Basin was 0.13 ft per 5-year period,
and declines were measured in 53 percent of the 703 wells
that contained data for 50 percent or more of the study period.
Rates of water-level decline greater than 1 ft per 5-year period
were measured in 17 percent of the wells, greater than 2 ft per
S-year period, in 3 percent of the wells, and greater than 3 ft
per 5-year period, in | percent of the wells. Overall, ground-
water levels rose in 6 percent of the 703 wells that contained
data for 50 percent or more of the study period, and in 4 per-
cent of the wells, groundwater levels rose by 1 ft or more per
S-year period.

Estimates of changes in groundwater storage were evalu-
ated using two methods. The first method used groundwater-
level change maps developed for this study and estimates of
specific yield from published studies to estimate changes in
groundwater storage from 1980 to 2015. The second method
used existing groundwater-flow models for the San Luis,
Espafiola, Middle Rio Grande, Mesilla/Conejos-Médanos, and
Tularosa-Hueco alluvial basins to quantify changes in ground-
water storage.

The San Luis alluvial basin is the second largest alluvial
basin in the upper Rio Grande Basin and covers approximately
4,980 square miles (miz). Groundwater-level data compiled
for wells with measurements during two consecutive 5-year
periods indicated that the largest decline in groundwater-level
altitudes in the San Luis alluvial basin was approximately
28 ft between 2000 and 2005, whereas the largest rise in
groundwater-level altitude was approximately 32 ft between
1990 and 1995. Median groundwater-level altitudes were
essentially stable in the San Luis alluvial basin during the
study period, increasing at a rate of 0.01 ft per 5-year period
for wells from which groundwater-level measurements were
collected during 50 percent or more of the 5-year periods
from 1980 to 2015. Groundwater storage increased from
1980 to 1990, but overall, largely decreased from 1980 to
2015. Groundwater depletion in the unconfined aquifer in the
San Luis Valley in southern Colorado recovered between late
2013 and early 2018 following conservation efforts. However,
severe drought that persisted in the upper Rio Grande Basin
well into 2020, particularly in southern Colorado, offset some
of the recovery attributed to conservation efforts.

The Espafiola alluvial basin is approximately 2,350 mi’
and is connected to the San Luis alluvial basin to the north
at the Embudo Constriction and to the Middle Rio Grande
alluvial basin to the south at the La Bajada Constriction. The
Espafiola alluvial basin has the second highest mountain
peaks of the 13 alluvial basins in this study, with topogra-
phy ranging from about 5,330 to 11,570 ft above the North
American Vertical Datum of 1988 (NAVD 88) and the third
highest median land-surface altitude at about 6,870 ft above
NAVD 88. The largest 5-year declines in the Espafiola alluvial
basin in groundwater-level altitudes were approximately 183,
199, 295, and 163 ft during 1985-90, 1990-95, 1995-2000,
and 200005, respectively. Large rises in groundwater-
level altitudes of approximately 275, 277, and 225 ft were



observed during 2000-05, 2005-10, and 2010-15, respec-
tively. Median groundwater-level altitudes in the Espafiola
alluvial basin declined slightly at a rate of —0.17 ft per 5-year
period in wells from which groundwater-level measurements
were collected during 50 percent or more of 5-year periods
from 1980 to 2015. Approximately 71 percent of these wells
showed declines (with the largest rate of change in Santa
Fe’s Buckman well field), and 25 percent of the wells with
declines declined at rates in excess of 1-ft per 5-year period.
Groundwater storage increased during 2000—-05 and 201015
and decreased in the other 5-year periods, for an overall simi-
lar amount of groundwater storage in 2015 when compared
with 1985. A groundwater-flow model for the Tesuque aquifer
in the Espailola Basin that simulated groundwater conditions
from 1947 to 1982 indicated declines in groundwater in stor-
age during that period.

The Middle Rio Grande alluvial basin extends from the
Cochiti Dam to San Acacia, N. Mex., and covers approxi-
mately 3,020 mi’. It is one of the larger basins in the upper
Rio Grande Basin and one of the deepest, with basin-fill
deposits in the Santa Fe Group ranging from about 1,400 ft
thick at the margins to about 14,000 ft at the deepest areas.
Within the Middle Rio Grande alluvial basin, at least 42 wells
have measurements in two consecutive 5-year periods for all
date ranges. Median groundwater-level changes measured
at individual wells declined during each period from 1980
to 2005. Median groundwater-level altitudes in the Middle
Rio Grande alluvial basin declined slightly (0.01 ft per 5-year
period) in wells with groundwater-level measurements for
at least 50 percent of the 1980-2015 periods. Groundwater
storage decreased for most of the study period except during
1980-85, 200005, and 2010-15. Although some monitor-
ing wells near the old municipal production wells in the
Albuquerque basin show recovery in groundwater storage
since the replacement of large volumes of groundwater with-
drawals by water from the San Juan-Chama Project in 2010,
other areas in the Middle Rio Grande alluvial basin continue
to show declines.

The San Agustin alluvial basin is approximately
1,010 mi’ and has the second highest median land-surface
altitude at about 7,000 ft above NAVD 88, with altitudes rang-
ing from about 6,030 to 8,000 ft above NAVD 88. The largest
decline in groundwater-level altitude at an individual well of
approximately 13 ft was observed during 1990-95, and the
largest rise in groundwater-level altitude was approximately
14 ft during 1995-2000. During the study period, no indi-
vidual wells with measurement in both 1980 and 2015 showed
rises, and largest decline in groundwater-level altitudes was
about 34 ft. Evaluating the 23 wells from which groundwater-
level measurements were collected during 50 percent or more
of the 5-year periods, the median groundwater-level alti-
tudes in the San Agustin alluvial basin were relatively stable,
but there were insufficient data to estimate groundwater-
storage changes.

Summary 63

The Socorro, La Jencia, San Marcial, Alamosa Creek, and
Engle alluvial basins did not have enough data to complete a
detailed assessment for the 5-year periods and provide a mean-
ingful analysis. The Socorro alluvial basin is the third small-
est alluvial basin in the central part of the upper Rio Grande
Basin, covering a little more than 390 miz, and has the small-
est amount of topographic relief of the alluvial basins. The
La Jencia alluvial basin is the smallest alluvial basin in the
study area, covering a little more than 200 mi’ in the central
part of the upper Rio Grande alluvial basin is the second
smallest alluvial basin in the upper Rio Grande basin, cover-
ing a little less than 300 mi’. The San Marcial alluvial basin
covers approximately 470 miz, but there is minimal develop-
ment in the basin and relatively little detailed hydrogeologic
information. The Engle alluvial basin covers a little more than
410 mi” and contains the Elephant Butte Reservoir.

Covering approximately 890 mi” in the central part
of the upper Rio Grande Basin, the Palomas alluvial basin
is the eighth largest alluvial basin in the upper Rio Grande
Basin. There are at least 29 wells in each 5-year period with
measurements for consecutive 5-year periods. The maxi-
mum groundwater-level altitude decline in individual wells
was about 87 ft during 201015, and the largest rise was
about 64 ft during 1980-85. The median 5-year change in
groundwater-level altitudes for wells with measurements in
consecutive 5-year periods ranged from a decrease of about
2 ft to a rise of about 1.4 ft, with declines in four of the seven
S-year periods. Median groundwater-level altitudes in the
Palomas alluvial basin are relatively stable for wells from
which groundwater-level measurements were collected during
50 percent or more of the 5-year periods from 1980 to 2015.
Groundwater-level declines were observed in 49 percent of
the wells, and no change (less than 0.1 ft or rise or decline)
was observed in 38 percent of the wells. Groundwater stor-
age increased during 1980-90, 1995-2000 and 2005-10, but
similar to median groundwater levels, cumulative groundwater
storage remained comparable in 2015 relative to 1985.

Located in an extension-dominated terrace, the Jornada
del Muerto alluvial basin is unique among the alluvial basins
of the upper Rio Grande Basin in that it exhibits minimal
faulting and extension. The Jornada del Muerto alluvial basin
extends more than 2,250 mi’ from near Socorro, N. Mex.,
south to near Las Cruces, N. Mex. Groundwater-level declines
at individual wells measured in consecutive 5-year peri-
ods were about 39 and 40 ft during 1990-95 and 2005-10,
respectively. The largest rises in groundwater-level altitudes
in these wells were about 84 and 71 ft during 1985-90 and
2005-10, respectively. Median groundwater-level altitudes in
the Jornada del Muerto alluvial basin were relatively stable
(less than 0.1 ft of rise or decline) for wells from which
groundwater-level measurements were collected during
50 percent or more of the 5-year periods from 1980 to 2015.
Groundwater-level declines were observed in 43 percent of the
wells, and rises were observed in 29 percent of the 21 wells.
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There were not enough groundwater-level measurements
either spatially or temporally to estimate changes in storage in
this alluvial basin.

The Mesilla/Conejos-Médanos alluvial basin is the
third largest alluvial basin the study area, covering nearly
3,150 miz, and although one of the largest basins in the upper
Rio Grande Basin, it has the fourth smallest topographic
relief. The Mesilla/Conejos-Médanos alluvial basin has the
most wells with measurements in consecutive 5-year peri-
ods. The largest decline in groundwater-level altitudes in a
single well was about 28 ft during 198085, and the larg-
est rise was about 188 ft during 1980-85. During the entire
study period, 40 wells had measurements in both 1980 and
2015, with a maximum decline of about 17 ft and maximum
rise of about 50 ft. The median 5-year change in single wells
showed declines after 1995. Groundwater-level altitudes in
the Mesilla/Conejos-Médanos alluvial basin declined at a
median rate of 0.10 ft per 5-year period for the 169 wells from
which groundwater-level measurements were collected during
50 percent or more of the 5-year periods from 1980 to 2015.
Groundwater-level altitudes declined in 51 percent of these
169 wells, and 43 percent had relatively no change during the
study period. Estimated groundwater storage increased dur-
ing 198085 and then mostly decreased from 1985 to 2015.
Similarly, a numerical groundwater-flow model developed
for the parts of the Palomas and Mesilla/Conejos-Médanos
alluvial basins showed groundwater storage declines starting
in 1995 (excluding 2005 and 2007).

Although the Tularosa-Hueco alluvial basin is the larg-
est alluvial basin of the 13 alluvial basins in this study at a
little more than 5,390 miz, only the Hueco part of the alluvial
basin is in the upper Rio Grande basin, and its area is about
2,390 mi’. At about 4,030 ft above NAVD 88, the Tularosa-
Hueco alluvial basin has the second lowest median land-
surface altitude of the alluvial basins. The largest decline in
groundwater-level altitudes was about 39 ft during 198085,
and the largest rise was about 41 ft during 1995-2000. Median
groundwater-level altitudes declined by approximately 1.09 ft
per 5-year period in the Tularosa-Hueco alluvial basin for
wells from which groundwater-level measurements were col-
lected during 50 percent or more of the 5-year periods from
1980 to 2015. The wells that were used in the linear regression
slope analysis were generally clustered around the greater
El Paso area; 88 percent of these wells showed groundwater-
level declines. Groundwater storage increased during
1985-1990, but otherwise decreased for an overall decrease
in this part of the basin from 1980 to 2010. Two groundwater-
flow models for the Tularosa-Hueco alluvial basin were used
to assess changes in groundwater storage for this basin. Both
models indicate decreases in groundwater storage during their
modeled periods.
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