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Key Terms
Groundwater level Refers to the elevation to which water rises in a properly constructed
well. In an unconfined aquifer, this is the elevation of the water table; in a confined aquifer,
this is the elevation of the potentiometric surface (Carter and others, 2002). The groundwater
level is a measurement of hydraulic head, which is the sum of the elevation head and pressure
head and is proportional to the energy available for flow (Schwartz and Zhang, 2003). Previous
publications (Bexfield and Anderholm, 2002a; Falk and others, 2011; Powell and McKean, 2014)
used various terms to describe the groundwater level, including potentiometric surface and
hydraulic head. For simplicity, the term “groundwater level” is used throughout this Scientific
Investigations Map and should be thought of as synonymous with the previously used
terminology. The groundwater-level surface refers to the grid (or raster) of the groundwater
level, and the groundwater-level contours represent that surface.
Predevelopment conditions In this report, predevelopment conditions are defined as pre1961. This time period was chosen in order to include enough data to represent regional
trends while still representing a groundwater-level surface that has not been influenced by
significant withdrawals (Bexfield and Anderholm, 2000). Note that the New Mexico Office of the
State Engineer and the Albuquerque Bernalillo County Water Utility Authority (ABCWUA) use
a different definition for predevelopment conditions, which is simulated from a groundwater
model (McAda and Barroll, 2002) and based on an earlier time (ABCWUA, 2016).
Production zone The interval of the Santa Fe Group aquifer system where production wells
are screened, generally between 200 and 900 feet or more below the water table (Thiros and
others, 2010).
Water year The 12-month period, October 1 through September 30, that is designated by the
calendar year in which it ends (Carter and others, 2002).
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Estimated 2016 Groundwater Level and Drawdown from
Predevelopment to 2016 in the Santa Fe Group Aquifer
System in the Albuquerque Area, Central New Mexico
By Amy E. Galanter and Lucas T.S. Curry

Abstract

Introduction

The U.S. Geological Survey, in cooperation with the
Albuquerque Bernalillo County Water Utility Authority
(ABCWUA), has developed a series of maps and associated
reports to document changes in the groundwater level in the
production zone of the Santa Fe Group aquifer system in
the Albuquerque, New Mexico, area. The current map and
associated report document the construction of contours
representing the groundwater-level surface of winter
(November to March) conditions for water year 2016 and
estimated net groundwater-level declines (called drawdown)
since widespread groundwater pumping began in the early
1960s (called predevelopment conditions).
Prior to 2008, groundwater withdrawal from the Santa
Fe Group aquifer system was the principal water supply for
the study area. The large quantity of withdrawal relative to
recharge resulted in drawdown throughout the Albuquerque
area. In response, the ABCWUA implemented a strategy for
sustainable development of its water resources, including
the diversion of surface water as part of the San Juan-Chama
Drinking Water Project in 2008. The 2016 groundwater-level
contours indicate that the general direction of groundwater
flow is towards clusters of production wells in the eastern
and northwestern parts of the study area. Drawdown from
predevelopment to 2016 is greatest along the eastern margin of
the study area and in the northwestern part of the study area,
likely correlated with groundwater withdrawals and potentially
compounded by proximity to faults. Comparing drawdown in
water year 2016 to that of water years 2002, 2008, and 2012
shows a reduction in drawdown (groundwater-level rebound)
in the study area since 2008, which corresponds with the
timing of reductions in groundwater withdrawals as a result
of the ABCWUA’s San Juan-Chama Drinking Water Project.
Time-series analysis of groundwater-level measurements in
piezometers within the study area also indicates the recent
groundwater-level rebound since 2008.

The study area (fig. 1, available at https://doi.
org/10.3133/sim3433) is located within the Middle Rio
Grande Basin (MRGB) in central New Mexico and is largely
within the city of Albuquerque, but also includes areas
within the city of Rio Rancho and Kirtland Air Force Base.
The Albuquerque Bernalillo County Water Utility Authority
(ABCWUA) provides water and wastewater services to the
greater Albuquerque area within the MRGB, serving more
than 600,000 water users with a combination of surface water
(San Juan-Chama Drinking Water Project [SJCDWP]) and
groundwater (ABCWUA, 2016).
Prior to 2008, groundwater withdrawal from the
production zone of the Santa Fe Group aquifer system was
the principal water supply for the study area (ABCWUA,
2016). The large quantity of groundwater withdrawal relative
to recharge resulted in net groundwater-level declines
(drawdown, relative to predevelopment conditions) throughout
the study area (Thiros and others, 2010; Rice and others,
2014). From 1950 to 1995, increased demand for water in
the area was largely driven by population growth (fig. 2).
Despite an increasing population (fig. 2), water-conservation
measures beginning in 1995 led to a decline in water demand
(ABCWUA, 2016). Groundwater levels, however, continued
to decline, prompting the ABCWUA to implement a strategy
for the sustainable development of its water resources that
included the use of surface water as the primary municipal
supply, establishment of a groundwater reserve for times of
drought, increased implementation of water-conservation
measures, and regional water-resource planning and
management (ABCWUA, 2007). As part of this strategy,
beginning in December 2008, the ABCWUA implemented an
infrastructural change in water management with the SJCDWP
by diverting surface water from the Rio Grande for treatment
and use. This strategy reduced groundwater withdrawals by
67 percent from 2008 to 2016 (Katherine Yuhas, ABCWUA,
written commun., 2018).

Figure 1. Estimated 2016 groundwater level and drawdown, predevelopment (prior to 1961) to 2016, Albuquerque area, central New
Mexico.
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Since 2008, in response to the SJCDWP, which shifted
approximately two-thirds of municipal water supply from
groundwater withdrawal to surface water, the groundwater
level in the Santa Fe Group aquifer system has rebounded.
Definitions of the following key terms are provided on page v
of this report: groundwater level, predevelopment conditions,
production zone, and water year.

Purpose and Scope
The U.S. Geological Survey (USGS), in cooperation with
the ABCWUA, has developed a series of maps documenting
the groundwater level in the production zone of the Santa Fe
Group aquifer system within the study area and the estimated
drawdown since predevelopment (pre-1961) for water years
2002, 2008, and 2012 (Bexfield and Anderholm, 2002a; Falk
and others, 2011; Powell and McKean, 2014). This Scientific
Investigations Map is the latest in this series and presents the
estimation of the 2016 groundwater level and the drawdown
since predevelopment.

Groundwater-level contours represent the estimated
groundwater-level surface for water year 2016 and can be used
to provide a “snapshot” of the conditions in the Santa Fe Group
aquifer system within the study area. Comparing the water year
2016 groundwater-level contours to predevelopment conditions
allows for analysis of the magnitude and spatial distribution of
groundwater-level change. This analysis can help to improve
the understanding of how the groundwater system responds to
withdrawals and (or) to changes in water-resource management.
Results of this analysis can support the efforts of watermanagement agencies to minimize future groundwater-level
declines, to sustainably develop groundwater resources, and to
plan for the future.
Analysis of groundwater-flow directions and hydraulic
gradients can provide an understanding of recharge and the
hydraulic connection between the Santa Fe Group aquifer
system and the Rio Grande, as well as the relation between
the groundwater level and the underlying geology. Finally,
temporal trends in individual hydrographs within the study area

Methods for Map Construction and Time-Series Analysis   3
can place the 2016 groundwater level in historical context as
well as provide more localized data to assist in understanding
regional trends.

Description of Study Area
The Santa Fe Group aquifer system is composed of
unconsolidated to moderately consolidated basin-fill deposits
of the Santa Fe Group of Cenozoic age and of younger
unconsolidated to poorly consolidated deposits of Quaternary
age along the inner valley of the modern Rio Grande (the Rio
Grande alluvial aquifer) (Bartolino and Cole, 2002; Plummer
and others, 2012; Rankin and others, 2013). The Santa Fe
Group and Rio Grande alluvial aquifers are hydraulically
connected to each other and to the Rio Grande (Bartolino and
Cole, 2002; Plummer and others, 2012; Rankin and others,
2013). The Rio Grande alluvial aquifer consists of channel,
flood-plain, terrace, and tributary deposits that form a thin but
extensive aquifer that is as much as 120 feet (ft) thick beneath
the Rio Grande inner valley (Rankin and others, 2013). The
Santa Fe Group sediments range in thickness from about
3,000 to more than 14,000 ft and have been divided informally
into upper, middle, and lower units (Hawley and Haase, 1992;
Plummer and others, 2012).
Although the Santa Fe Group aquifer system throughout
the MRGB is generally considered to be unconfined, silt
and clay layers within the aquifer can create confined to
semiconfined conditions. (Kernodle and Scott, 1986; Bartolino
and Cole, 2002). The upper Santa Fe Group is the primary
water-bearing unit (Thorn and others, 1993), with some water
production yields from the middle and lower units, especially
west of the Rio Grande (Bexfield and others, 2011).
Hydraulic gradients (horizontal and vertical) are a
measure of change in groundwater level divided by the
distance; groundwater flows from higher potential to lower
potential along hydraulic gradients. Generally, there is a
downward vertical hydraulic gradient in the central and
western parts of the study area and an upward vertical
hydraulic gradient in the eastern part of the study area
(Bexfield and Anderholm, 2002b). Regionally, groundwater
in the Santa Fe Group aquifer system flows from the MRGB
basin margins inward and southward towards the Rio Grande
inner valley (McAda and Barroll, 2002). Locally within the
study area, the direction of groundwater flow has changed
from predevelopment directions because of drawdown in the
production zone. In east Albuquerque, groundwater flows from
the Rio Grande towards production wells; in Rio Rancho,
groundwater flows from the east and west towards production
wells (Bexfield and Anderholm, 2002a; McAda and Barroll,
2002; Falk and others, 2011; Powell and McKean, 2014).
Most faults in the MRGB have a north-south trend
(Bartolino and Cole, 2002; Connell, 2006). Faulting can affect
groundwater flow by displacement and (or) by altering the
local environment of the fault zone (Bartolino and Cole, 2002).
A highly permeable deposit faulted against a deposit with

lower permeability can cause large differences in groundwater
levels across the fault (Bartolino and Cole, 2002). While
numerous faults have been delineated within the study area
(Connell, 2006; Minor and Hudson, 2006), for the purposes
of this study, only the major basin-bounding faults are shown
(fig. 1).

Methods for Map Construction and
Time-Series Analysis
Discrete groundwater-level measurements for wells
screened in the production zone and interpolated groundwater
levels in the production zone under the Rio Grande were used
to create groundwater-level contours for the winter of water
year 2016. To compare the 2016 groundwater level to the
predevelopment groundwater level, the 2016 groundwaterlevel contours and predevelopment groundwater-level
contours were interpolated to grids and the 2016 groundwaterlevel grid was subtracted from the predevelopment grid. At
nine piezometers, continuous groundwater-level data from
water year 1997 to water year 2016 were analyzed by plotting
the daily mean value and the annual highest groundwater
levels (AHGWLs) in order to examine the maximum amount
of recovery in the Santa Fe Group aquifer system.

Data Sources and Data Uncertainty Assessment
Groundwater-level measurements used for constructing
the 2016 groundwater-level contours were compiled from
various sources and have been published in an accompanying
USGS data release (Galanter and Curry, 2019). Although
much of the data used are available on the USGS National
Water Information System (NWIS) website (https://waterdata.
usgs.gov/nwis), for completeness and reproducibility
purposes, these data are also available in the data release
(Galanter and Curry, 2019). In addition to NWIS data,
groundwater-level measurements and well infrastructure
data were compiled from various sources (Copland, 2017;
Pat Gallegos, Rio Rancho Utilities Department, written
commun., 2017; Jim Reisterer, Glorieta Geoscience, Inc.,
written commun., 2017; Richard Wells, AECOM, written
commun., 2017). Depth to water in wells was measured by
using a steel tape, an electric tape, or an air line. Because of
a lack of detailed information about air-line equipment and
measurement accuracy, air-line measurements were used
only if steel-tape or electric-tape measurements were not
available and only when air-line measurements were deemed
to be reliable. Air-line measurements were only used for Rio
Rancho production wells.
Data collected by the USGS include measurements
from the monitoring network maintained by the USGS in
cooperation with the ABCWUA (Beman and others, 2019),
as well as groundwater-level measurements at ABCWUA
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production wells generally during a period of decreased
seasonal water use (winter) and specifically during a 2-week
period without pumping (at least). Among the wells in the
USGS-ABCWUA groundwater-monitoring network are
piezometer nests (usually three piezometers per nest) that
generally are located at least 1 mile (mi) from production
wells to reduce the short-term effects of pumping on measured
groundwater levels. Typically, one piezometer is near the
water table, one is near the middle of the production zone,
and one is near the bottom of or below the production
zone (Bexfield and Anderholm, 2002a). Groundwater-level
measurements from wells and piezometers screened in
the middle of the production zone were considered to best
represent the groundwater level in the production zone.
For areas near the Rio Grande, few groundwater-level
measurements from the production zone were available;
however, because the Rio Grande is in partial hydraulic
connection with the aquifer system (Bartolino and Cole,
2002), the groundwater level in the production zone under
the Rio Grande was estimated for map construction. The
groundwater level in the production zone at the Rio Grande
was estimated in two steps: (1) estimation of the vertical
groundwater-level difference between the Rio Grande alluvial
aquifer and the deeper Santa Fe Group aquifer system; and
(2) estimation of the groundwater level beneath the Rio
Grande in the production zone by subtracting the estimated
vertical groundwater-level difference from the water level in
the Rio Grande.
First, six sites were selected to estimate the groundwater
level in the production zone beneath the Rio Grande at which
both a piezometer screened across the Rio Grande alluvial
aquifer and another screened across the production zone
were located within 1 mi of the river (only five are shown
on the map because the farthest north is in Bernalillo; see
Galanter and Curry [2019] for locations and groundwater-level
differences at all six sites). Winter 2016 (November to March)
groundwater-level measurements in each pair of piezometers
were subtracted (deeper piezometer groundwater level minus
shallow piezometer groundwater level) to calculate the
vertical groundwater-level difference between the Rio Grande
alluvial aquifer and the production zone. Groundwater levels
in the Rio Grande alluvial aquifer were higher than those in
the production zone, indicating downward flow (a negative
groundwater-level difference). These differences were then
linearly interpolated between adjacent sites from north to
south at 1-mi intervals along the Rio Grande within the study
area (shown as production zone interpolation points along
the Rio Grande in fig. 1). The difference calculated at the
southernmost site (Isleta) was used at 1-mi interval points
along the Rio Grande south of this site.
The second step was to estimate the groundwater level
in the production zone beneath the Rio Grande. The surfacewater level in the Rio Grande was estimated from light
detection and ranging (lidar) data collected in 2010 (Caerllion
Thomas, Middle Rio Grande Council of Governments, written
commun., 2017). The lidar data were referenced to the North

American Vertical Datum of 1988 (NAVD 88). An estimated
groundwater level in the production zone beneath the Rio
Grande was calculated by adding the interpolated vertical
groundwater-level difference to the elevation of the surface
of the river at each point. This approach assumes that the Rio
Grande and the alluvial aquifer are hydraulically connected
and that the elevation at the surface of the river is equivalent
to the groundwater-level elevation within the alluvial aquifer
throughout the study area.
The vertical groundwater-level difference, which was
used to estimate the groundwater level in the production zone
beneath the Rio Grande, is correlated to the vertical hydraulic
gradient. Dividing the vertical groundwater-level difference by
the difference in the midpoint of the screened intervals results
in the vertical hydraulic gradient. Screened intervals at each
piezometer are included in Galanter and Curry (2019).
The uncertainty of every groundwater-level measurement
used to create the groundwater-level contours was assessed.
The accuracy of the groundwater-level measurement was
provided or assigned for 124 out of 131 measurements
(Galanter and Curry, 2019); accuracies range from the nearest
hundredth of a foot to the nearest tenth of a foot. The accuracy
of the reference elevation (either the land-surface elevation or
the measuring-point elevation, depending on how the depthto-water measurement was processed) was provided for 96 out
of 131 sites (Galanter and Curry, 2019); accuracies range from
0.01 to 5 ft.

Methods for Estimating Groundwater-Level
Contours and Drawdown
The groundwater level at each well was calculated by
subtracting the measured depth to water from the reference
elevation as referenced to NAVD 88. Groundwater-level
measurements from the winter (generally November to March)
of water year 2016 were used because winter groundwater
levels are less affected by pumping due to decreased seasonal
water use (ABCWUA, 2016) and are therefore more
representative of relaxed conditions in the aquifer. If more
than one groundwater-level measurement was available for
the winter of water year 2016, the highest (or most recovered)
measurement was used. Some areas lacked data for the
winter of water year 2016, so winter groundwater-level
measurements from 2014 to 2018 were used to increase the
spatial data density. To account for possible inconsistencies
related to the date that a depth to water was measured,
measurements outside of water year 2016 were considered less
reliable than measurements from water year 2016.
The extent of both the groundwater-level contours and
drawdown shown on the map (fig. 1) were selected to focus
on areas where the most data were available. The eastern
edge of the contoured area was selected with the intent of
excluding the area east of where groundwater levels would not
be representative of the production zone due to the existence
of hydraulic discontinuities, probably associated with major
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faults (Connell, 2006; Minor and Hudson, 2006). Arrows
indicating the approximate direction of groundwater flow
in water year 2016 were included between adjacent contour
lines of 20-ft intervals in areas where contours revealed a
substantial hydraulic gradient. Short groundwater-flow lines
indicate a steep hydraulic gradient while longer groundwaterflow lines indicate a less steep hydraulic gradient.
Groundwater levels (from measurements and from
interpolated points along the Rio Grande) were interpolated
to create a gridded surface of the 2016 groundwater level by
using a thin-plate spline interpolation (Topo to Raster tool;
Esri, Inc., 2017a) in ArcMap 10.5 (Esri, Inc., 2017b). The
grid generated in ArcMap was then used to generate a set
of contours, which were manually modified by removing
physically unreasonable numerical artifacts created by the
automated contouring algorithm, to create a hydrologically
reasonable interpretation.
The final corrected 2016 groundwater-level contours
were then used as input for the thin-plate spline interpolation
and converted back to a grid. The 2016 groundwater-level

grid was subtracted from the predevelopment groundwaterlevel grid of Bexfield and Anderholm (2000) to produce a
drawdown map for 2016, showing cumulative groundwaterlevel declines since predevelopment conditions. The
grid-cell size for the 2016 groundwater-level grid and the
predevelopment groundwater-level grid was 100 ft.

Time-Series Analysis Methodology
Time-series data (daily mean values) from selected
monitoring wells (fig. 3) were extracted from the USGS
NWIS system (USGS, 2019). Continuous groundwater-level
data collected by using pressure transducers at piezometer
nests (Beman and others, 2019) were used to evaluate trends
in groundwater-level elevations. Hydrographs from selected
monitoring wells (fig. 3) were examined visually for seasonal
and long-term patterns in groundwater levels. The elevations
of the AHGWLs are shown on the hydrographs to indicate the
maximum amount of recovery of the Santa Fe Group aquifer
system from pumping stresses during the year.
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Figure 3. Daily mean groundwater-level elevations and annual highest groundwater levels (AHGWLs) from nine continuously
measured piezometers in wells in the Albuquerque area, central New Mexico (locations shown on fig. 1), for the period of
record.
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Figure 3. Daily mean groundwater-level elevations and annual highest groundwater levels (AHGWLs) from nine continuously
measured piezometers in wells in the Albuquerque area, central New Mexico (locations shown on fig. 1), for the period of
record.—Continued
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measured piezometers in wells in the Albuquerque area, central New Mexico (locations shown on fig. 1), for the period of
record.—Continued

Estimated 2016 Groundwater Level and Drawdown in the Santa Fe Group Aquifer System   9

Estimated 2016 Groundwater Level
and Drawdown in the Santa Fe Group
Aquifer System
Groundwater-level contours representing the
groundwater-level surface of the production zone for
the winter of water year 2016 are shown in figure 1. The
approximate direction of groundwater flow is towards
clusters of production wells in the northwestern and eastern
parts of the study area. Drawdown of the groundwater level
from predevelopment to 2016 is greatest on the eastern
margin of the study area and in the northwestern part of
the study area and smallest in the southwestern part of
the study area and along the Rio Grande. These areas of
drawdown are likely correlated with pumping stresses and
possibly affected by proximity to faults. Compared to the
previous drawdown maps for water years 2002, 2008, and
2012 (Bexfield and Anderholm, 2002a; Falk and others,
2011; Powell and McKean, 2014), the 2016 drawdown
map indicates that groundwater levels have recovered
over much of the study area and that the magnitude of
drawdown from predevelopment to 2016 is smaller than
that of predevelopment to 2000, 2008, and 2012. This recent
groundwater-level rebound is apparent in time-series analysis
of piezometers in the study area (fig. 3) and correlates with
reduced groundwater withdrawals in the study area (fig. 2).

Groundwater-Level Contours
The 2016 groundwater-level contours in 20-ft intervals,
and in 10-ft intervals in areas where data density was
sufficient, are shown in figure 1. For all wells located within
the drawdown boundary, measured groundwater levels were
compared with calculated groundwater levels from the grid.
The resulting root mean square error (Helsel and Hirsch,
2002) value of 3.18 ft and coefficient of determination
(R-squared) value of 0.9893 indicate that there is a good
fit between the contours and the groundwater-level data.
Contours with greater uncertainty were determined by
assessing the uncertainty of the data (discussed in Data
Sources and Data Uncertainty Assessment), disagreement
of data points, and data sparsity. Disagreement of data
points refers to areas in which data points in the same area
did not follow the same trend or when the magnitude of the
residuals (the calculated groundwater level from the grid
subtracted from the measured groundwater level) was more
than one standard deviation from the mean of the residuals
of all groundwater-level measurements within the drawdown
boundary. Data were categorized as sparse when the distance
to the nearest groundwater-level measurement was greater
than 1 standard deviation from the mean of the distance
to the nearest groundwater-level measurement within the
drawdown boundary.

Near the Rio Grande, the vertical groundwater-level
difference is negative (indicating downward flow) as the
groundwater level in the Rio Grande alluvial aquifer is
higher than the groundwater level in the Santa Fe Group
aquifer system. The groundwater-level differences have a
larger magnitude in the northern part of the study area than
in the southern part of the study area (fig. 1). The vertical
groundwater-level difference (gray triangles in fig. 1)
correlates with the vertical hydraulic gradient (calculated
by dividing the vertical groundwater-level difference by the
difference in the midpoint of the screened intervals). Positive
gradients indicate potential upward groundwater flow, and
negative gradients indicate potential downward groundwater
flow. From north to south, the vertical hydraulic gradients
(in feet of change in groundwater level per vertical length
of the production zone that is open to the well in feet) are
as follows: –0.04 at Bernalillo (not shown on the map, sites
351900106325701 and 351821106333901 [Galanter and
Curry, 2019]; –0.05 at IMW B; –0.06 at Paseo; –0.02 at
Montaño; –0.01 at Rio Bravo; and 0.00 at Isleta.
The 4,930-ft and 4,950-ft groundwater-level contours
in the Rio Rancho area near the Arroyo de las Calabacillas
exhibit a different shape than previous groundwater-level
contours (Bexfield and Anderholm, 2002a; Falk and others,
2011; Powell and McKean, 2014). This area has historically
been considered a region of uncertainty when generating
groundwater-level contours; the well network is sparse, and
groundwater-level measurements are unreliable at production
wells because of faulty air lines and pumping influence.
Motivated to better constrain this uncertainty, the USGS,
in cooperation with the Rio Rancho Utilities Department,
began a project in July 2018 to study the hydrogeology and
groundwater levels in this area.
The 2016 groundwater-level contours indicate that the
approximate direction of groundwater flow is from the Rio
Grande towards clusters of production wells in the eastern
and northern parts of the study area (fig. 1), which is a
change since predevelopment when groundwater flow in the
Santa Fe Group aquifer system was from north to south with
components of east to west flow from the Sandia Mountains
(McAda and Barroll, 2002). The approximate direction of
groundwater flow in 2016 is similar to the approximate
general direction of groundwater flow in 2008 and 2012 (Falk
and others, 2011; Powell and McKean, 2014).

Drawdown
Drawdown is largest along the eastern margin of
the study area (decline of more than 120 ft) and in the
northwestern part of the study area (decline of 101 to 120 ft)
and smallest in the southwestern part of the study area, where
groundwater withdrawals are minimal, and along the Rio
Grande, where the river recharges the groundwater. Drawdown
in the eastern margin of the study area is likely correlated to
pumping stresses and amplified by the proximity of clusters
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of production wells to basin-bounding faults; faulting and
the resulting juxtaposition of lithologic units with different
hydrologic properties likely increases the drawdown resulting
from withdrawals (Heywood and others, 2002; McAda and
Barroll, 2002; Connell, 2006). Pumping stresses likely cause
drawdown in the western and northwestern parts of the study
area. The effects of the numerous faults in the northwestern
and western parts of the study area (Connell, 2006) on
groundwater levels and drawdown have not been analyzed.
Comparing the 2016 groundwater-level contours and
drawdown to those of 2002, 2008, and 2012 (Bexfield and
Anderholm, 2002a; Falk and others, 2011; Powell and
McKean, 2014) shows similar spatial trends, with a reduction
in drawdown since 2008 (groundwater-level rebound) in the
eastern part of the study area and west of the Rio Grande north
of the Westgate piezometer. This groundwater-level rebound is
likely because of reduced groundwater withdrawals since 2008
(fig. 2). The extension of the 0–20 ft of drawdown extending
north of the Arroyo de las Calabacillas is most likely not a
result of groundwater-level rebound, but instead is likely the
result of poor data quality in the Rio Rancho area resulting
in groundwater-level contours that reflect artificially low
groundwater levels in 2008 and 2012 (Falk and others, 2011;
Powell and McKean, 2014).
The cause of the drawdown along the Rio Grande north
of the Arroyo de las Calabacillas has not been determined.
This area of 41-60 ft of drawdown is consistent with the 2008
and 2012 maps (Falk and others, 2011; Powell and McKean,
2014) but not the 2002 map (Bexfield and Anderholm, 2002a),
indicating that this localized area of drawdown may be caused
by recent groundwater withdrawals or other conditions.

Use of the Map and Limitations
Additional uncertainty is associated with comparing the
specific differences in mapped groundwater conditions from
the previous maps (Bexfield and Anderholm, 2002a; Falk
and others, 2011; Powell and McKean, 2014) to the 2016
map. Because the 2016 map is a comparative tool, effort to
maintain consistency with previous methods of contouring
and calculating drawdown was attempted; however, several
methods and data points were updated that may affect the
consistency from the previous groundwater-level maps and
may result in apparent changes in drawdown that are not
representative of actual changes. These updates include
changes to the methods for interpolation of the groundwater
levels associated with the Rio Grande, updated coordinates
and (or) land-surface elevations of approximately 80 percent
of the wells used, the availability and use of different wells for
interpolation of the contours, and changes to the methods used
to estimate the drawdown since predevelopment. To promote
reproducibility and to create consistent methods for future
groundwater-level contour generation, data and metadata used
to generate contours have been published in Galanter and
Curry (2019).

The areas of drawdown presented in figure 1 are intended
to provide only reasonable estimates of the general magnitude,
extent, and spatial distribution of groundwater-level changes in
the production zone. Because of the degree of variability and
accuracy of the data, as well as the uncertainty introduced by
the comparison of interpolated values on a grid, the boundaries
shown between intervals of drawdown are not precisely located.
It is not appropriate to use this map to estimate the exact
drawdown at a specific location.

Historical Response of Groundwater Levels
Groundwater-level data from nine piezometers (fig. 3)
indicate seasonal variations that are related to withdrawals
from nearby production wells; in general, groundwater levels
decline during summer when withdrawals are larger and
rise during winter when withdrawals are smaller. Trends in
groundwater levels reflect the response in the Santa Fe Group
aquifer system to regional pumping patterns across the study
area with recovery in piezometers near production wells that
have reduced pumping since 2008 (Nor Este, Matheson,
Montessa, Del Sol, Garfield, Sierra Vista, and Westgate), with
little groundwater-level change over time in the piezometer
near the river (West Bluff), and with groundwater-level declines
in the piezometer near production wells with no reductions in
pumping (Lincoln).
The AHGWLs at piezometers east of the Rio Grande (Nor
Este, Matheson, Montessa, Del Sol, and Garfield) increased
beginning in water year 2009 (fig. 3). These piezometers are
close to clusters of ABCWUA production wells in the eastern
part of the study area, and this rise in AHGWL correlates with
the decrease in groundwater withdrawals beginning in late 2008
(fig. 2). AHGWLs are more variable in the northwestern part
of the study area (West Bluff, Lincoln, and Sierra Vista). The
AHGWL at the Lincoln piezometer steadily decreases from
1998 to 2013 with a recent increase from 2014 to 2016. The
AHGWL increases at Sierra Vista from 2009 to 2011, and the
AHWGL at West Bluff has little change, despite major temporal
variation throughout the period of record. At the Westgate
piezometer, located in the southwest part of the study area, the
AHGWL increases for the period of record (except for 2005
and 2008). The groundwater-level rebound signal seems to
overshadow seasonal variation at the Westgate piezometer.
The groundwater-level rebound near the Westgate piezometer
is also likely related to post-2008 decreases in groundwater
withdrawals at nearby production wells (fig. 2).

Summary
The estimated groundwater-level contours for winter
(November to March) of water year 2016 and the estimated
drawdown in groundwater level between predevelopment
and water year 2016 for the production zone of the
Santa Fe Group aquifer system are shown in figure 1. The
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2016 groundwater-level contours indicate that the general
direction of groundwater flow is from the Rio Grande towards
clusters of production wells in the eastern and northwestern
parts of the study area. Drawdown from predevelopment to
2016 is greatest along the eastern margin of the study area and
in the northwestern part of the study area, likely correlated
with groundwater withdrawals and potentially compounded
by proximity to faults. Comparing drawdown in water year
2016 to that of water years 2002, 2008, and 2012 reveals a
reduction in drawdown (recent groundwater-level rebound) in
the study area since 2008, which corresponds with reductions
in groundwater withdrawals as a result of the San Juan-Chama
Drinking Water Project. Time-series analysis of groundwaterlevel measurements in piezometers within the study area also
show the recent groundwater-level rebound since 2008. Future
work to reduce areas of greater uncertainty, especially in the
Rio Rancho area, is needed. Thorough analysis of faulting
and its effects on groundwater levels and drawdown, as
well as hydraulic discontinuities resulting from faults, could
further enhance the understanding of the hydrogeology of the
study area and potential responses to withdrawals and water
management decisions.
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