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Water-Table Elevation Maps for 2008 and 2016 and 
Water-Table Elevation Changes in the Aquifer System 
Underlying Eastern Albuquerque, New Mexico

By Allison K. Flickinger and Aurelia C. Mitchell

Abstract
The addition of surface water from the San Juan-Chama 

Drinking Water Project to the Albuquerque water supply and 
the reduction in per capita water use has led to decreased 
groundwater withdrawals. This decrease in withdrawals has 
resulted in rising groundwater levels since 2008 in portions of 
the aquifer underlying Albuquerque. The wells used to assess 
the Kirtland Air Force Base Bulk Fuels Facility (KAFB BFF) 
ethylene dibromide (EDB) groundwater contamination were 
installed with well screens that crossed the water table in order 
to monitor and sample groundwater within the EDB plume. 
While replacement wells have been installed, an understanding 
of the water-table response to decreases in regional ground-
water withdrawals is required to evaluate the monitoring well 
network. Water-table elevation maps of the aquifer underly-
ing the Albuquerque metropolitan area east of the Rio Grande 
for 2008 and 2016 and a map of the change in elevations in 
this 8-year period provide an improved understanding of the 
water-table elevations and the changes that are occurring.

The water-table elevation contours for both 2008 and 
2016 show that groundwater generally flows from the Rio 
Grande and from the mountain-front recharge in the south-
east toward the center of the study area, a major groundwater 
pumping center. The water-table elevation increased in most of 
the study area from 2008 to 2016. The area of greatest increase 
in the water-table elevation covers most of the northeast-
ern part of the study area, where there has historically been 
pumping-related drawdown and subsequent groundwater-level 
rises in the production zone of the Santa Fe Group aqui-
fer system.

Introduction
The Albuquerque metropolitan area, located in the 

Middle Rio Grande Basin (Basin) in central New Mexico, has 
obtained its potable water largely from the Santa Fe Group 
aquifer system. In December 2008, the Albuquerque Bernalillo 
County Water Utility Authority (ABCWUA) began diverting 

surface water from the Rio Grande as part of the San Juan-
Chama Drinking Water Project to supplement municipal water 
supply. The addition of surface water to the water supply and 
conservation efforts to reduce per capita water use have led to 
a 67 percent reduction in groundwater withdrawals between 
2008 and 2016 (Galanter and Curry, 2019), resulting in ris-
ing groundwater levels throughout the aquifer system since 
2008 (Falk and others, 2011; Powell and McKean, 2014; 
ABCWUA, 2016; Beman and others, 2019; Galanter and 
Curry, 2019).

Rising groundwater levels indicate recovery of the 
aquifer system and are a planned result of the ABCWUA’s 
water management strategies (ABCWUA, 2016). Rising 
groundwater levels, however, could also remobilize or redis-
tribute the fuel-related constituents present in soil, soil vapor, 
and groundwater at the water table as a consequence of a 
fuel spill at the Kirtland Air Force Base Bulk Fuels Facility 
(KAFB BFF). The KAFB BFF ethylene dibromide (EDB) 
groundwater monitoring well network was installed with well 
screens open at the water table in order to monitor and sample 
groundwater within the EDB plume. Many of the well screens 
have since become submerged (are now below the water 
table) because of the rising water table (U.S. Army Corps of 
Engineers, 2017a), and replacement wells have been installed. 
Understanding the groundwater-level response to decreased 
regional groundwater pumping is required to evaluate the 
monitoring well network.

While regional groundwater elevation and groundwater-
elevation change maps have been created to understand the 
changes in the production zone of the Santa Fe Group aquifer 
system (Bexfield and Anderholm, 2002b; Falk and others, 
2011; Powell and McKean, 2014; Galanter and Curry, 2019), 
no recent maps exist for the water-table zone at a regional 
scale. The U.S. Geological Survey (USGS), in cooperation 
with the Air Force Civil Engineer Center (AFCEC), created 
water-table elevation maps of the Albuquerque metropolitan 
area east of the Rio Grande for 2008 and 2016, and a third 
map showing the change between those years to document and 
analyze the water-table elevations and the changes that have 
occurred.
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Santa Fe Group Aquifer System
The Santa Fe Group aquifer system in the Middle Rio 

Grande Basin consists of the Santa Fe Group and the post-
Santa Fe Group sediments that were deposited on top of the 
Santa Fe Group (Bartolino and Cole, 2002). Post-Santa Fe 
Group sediments are present in the Rio Grande incised valley, 
along flood plains of Rio Grande tributaries, and at the base 
of mountain slopes (Hawley and Haase, 1992; Bartolino and 
Cole, 2002); these sediments can be as thick as 120 feet (ft; 
Hawley and Haase, 1992). The Santa Fe Group sediments in 
the Basin range in thickness from 3,000 to 14,000 ft thick; 
however, much of the lower part of the Santa Fe Group may 
make a poor aquifer due to its depositional history (Hawley 
and Haase, 1992; Bartolino and Cole, 2002). The post-Santa 
Fe Group sediments are not present throughout the Basin 
(Hawley and Haase, 1992; Bartolino and Cole, 2002), and 
depending on the depth to water, both Santa Fe Group and 
post-Santa Fe Group sediments can make up the water-table 
aquifer. The water table is highest near sources of inflow, 
such as leakage from the Rio Grande and recharge along the 
eastern mountain front, and lower near areas of withdrawal, 
such as centers of groundwater pumping in the central area of 
eastern Albuquerque (Bexfield and others, 2012). Subsurface 
flow enters the Basin from the north, and groundwater east 
of the Rio Grande in Albuquerque flowed from north to 

south-southwest prior to extensive groundwater pumping 
(Bexfield and Anderholm, 2000). Only about the upper 2,000 
ft of the aquifer system is used for groundwater withdraw-
als (Bartolino and Cole, 2002). ABCWUA production wells 
are typically screened (open to the aquifer) over a part of the 
Santa Fe Group aquifer system, hereafter called the production 
zone, which consists of the interval from within about 200 ft 
above the water table to 900 ft or more below the water table 
(Bexfield and Anderholm 2002b; Powell and McKean, 2014).

The Santa Fe Group aquifer system in the study area is 
generally considered to be unconfined, but the interbedded 
fine-grained layers of the Santa Fe Group create semiconfined 
conditions at depth (Bexfield and others, 2012). The ground-
water elevations measured in wells screened at or near the 
water table have been found to differ by 25 ft or more from the 
groundwater elevations measured in wells screened in deeper, 
semi-confined zones in the aquifer (Bexfield and Anderholm, 
2002a). As groundwater levels in the Albuquerque area rise, 
some nested monitoring wells (two or more casings installed 
within the same borehole and screened at different depths) 
show a consistent trend of groundwater-level recovery for 
shallow, middle, and deep piezometers (Jerry Cline nest, figs. 
1, 2, 3), while other nested monitoring wells show a relatively 
large recovery in the deepest well screened within the produc-
tion zone, and a noticeable, yet smaller, rise in water levels in 
the shallow and middle piezometers (Mesa del Sol nest, figs. 
1, 2, 3; Beman and others, 2019).
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Figure 1. Estimated groundwater levels in 2008 and changes in water-table elevations from 2008 to 2016, eastern Albuquerque, New 
Mexico.
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Figure 2.

30'106°35'106°40'45'

35°10'

35°5'

35°

0 3 6 MILES

0 3 6 KILOMETERS

EXPLANATION

48804880

Faults from Connell (2006) and Minor and Hudson (2006)
Military base from U.S. Census Bureau (Geography Division)
State Plane New Mexico Central (U.S. feet) projection
North American Datum of 1983 (2011) and North American
Vertical Datum of 1988

Estimated water-table
elevation change from 2008
to 2016, in feet

Wells used to construct 2016 water-
table elevation contours

Major faults, concealed
and exposed, as identified
by Connell (2006), Minor
 and Hudson (2006)

Kirtland Air Force Base
(U.S. Census Bureau,
2015)

Approximate direction of
groundwater flow

Lidar points along Rio Grande

Less than −5

−5 to −1

0 to 4

5 to 9

10 to 14

15 to 19

20 to 24

U.S. Geological Survey (National Water
Information System [NWIS], 2019)

City of Albuquerque (Ken Ziegler, City of
Albuquerque, written commun., 2019)

Kirtland Air Force Base (Kirtland Air
Force Base, 2017; U.S. Army Corps of
Engineers, 2018)

Sandia National Laboratory 
(Copland, 2017)

AECOM (Richard Wells, AECOM,
written commun., 2018)

Ethylene dibromide (EDB)
plume, 2016 October–December 
extent (U.S. Army Corps of 
Engineers, 2017b)

2016 water-table elevation contour—
Shows the elevation at which water 
levels would have stood in tightly
cased wells. Dashed where 
approximately located. Contour 
interval, in feet, is variable. Datum 
is North American Vertical Datum 
of 1988

_̂

_̂

49
10

49
00

49
10

49
00

4920
4920

49
40

49
40

4870

4980
4980

48904890

49
00

49
00

496
0

496
0

494
0

494
0

4870
4870

49
20

49
20

48804880

Sandia M
ountains

M
anzanita M

ountains

Mesa del Sol

Jerry Cline

Ri
o 

Gr
an

de

NEW MEXICO

Study areaStudy area

Figure 2. Estimated groundwater levels in 2016 and changes in water-table elevations from 2008 to 2016, eastern Albuquerque, New 
Mexico.
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Figure 3. Areas of estimated change in water-table elevations from 2008 to 2016 and location of water-level measurement sites 
(wells) used to delineate the areas of change, eastern Albuquerque, New Mexico.
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Study Methods

Data Compilation

Discrete water-level measurements (depth to water) 
in wells that are screened near the water table were used 
to create the water-table elevation contours. The USGS 
groundwater-level data used are available on the USGS 
National Water Information System (NWIS) database 
(https://waterdata.usgs.gov/ nwis; USGS, 2019). In addition 
to NWIS data, water-level and well construction data were 
compiled from various sources (Copland, 2017; Richard 
Wells, AECOM, written commun., 2017; KAFB, 2017; 
U.S. Army Corps of Engineers, 2018; J.R. Copland, Sandia 
National Laboratory, written commun., 2018; Ken Ziegler, 
City of Albuquerque, written commun., 2019). All of the data 
used to create the maps of water-table elevation contours and 
the zones of change presented in this report are listed in the 
associated data release (Flickinger and Mitchell, 2020). Depth 
to water in wells was measured by using either a steel tape or 
an electric tape. The accuracy of the water-level measurements 
was reported or assigned for 301 of 321 measurements, and 
ranges from the nearest hundredth of a foot to the nearest tenth 
of a foot. Water-table elevation in the well was calculated by 
subtracting the depth to water measurement from the refer-
ence elevation in the North American Vertical Datum of 1988 
(NAVD 88). The accuracy of the reference elevations was 
reported for 55 of 246 sites and ranges from a hundredth of a 
foot to 5 ft.

In order to make the maps in this report more comparable 
to earlier published maps of groundwater levels in the study 
area, measurements of water levels made during the winter 
months (December–March), a period of lower pumping, were 
used preferentially to construct the maps presented here. For 
wells used in the construction of these maps for which no 
winter measurements were available, measurements made dur-
ing fall and spring months were considered. If multiple winter 
measurements of water level were available, the measurement 
showing the shallowest depth to water, presumably the least 
affected by pumping, was used to represent the elevation of 
the water table at that well.

The selection of wells completed in the Santa Fe Group 
aquifer system from which water levels were used to construct 
the water-table maps was important because of the potential 
for semi-confined conditions in the deeper aquifer and the 
potential bias this could have on interpretation of the water-
table elevation. Well selection was guided by selected shallow 
piezometers at USGS nested piezometer sites. The USGS 
nested piezometers in the Albuquerque area generally have 
screened intervals near the water table, near the middle of the 
production zone, and near the bottom of the production zone 
(Donohoe and Moore, 2003). Eighteen USGS nested piezom-
eters in the study area include a shallow piezometer. The 
elevations of the screens in the available wells were compared 

to the elevations of screens of the shallow piezometers to 
determine which of the wells had water levels that were repre-
sentative of the water table.

The extent of the water-table zone maps covers the east-
ern side of Albuquerque, from the Rio Grande to the foothills 
of the Sandia Mountains. The surface-water 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) and used 
to represent the water table at the river and act as the western 
boundary of the map. The lidar data were sampled at 1-mile 
intervals along the river’s edge and included as water-table 
elevation data points to create the contours. The eastern 
boundary of the map was constrained by data availability and 
by faults (Connell, 2006; Minor and Hudson, 2006) that could 
cause hydraulic discontinuities that could affect groundwater 
levels. The northern and southern boundaries of the maps are 
constrained by data availability.

Creation of Maps of Water-Table Elevation and 
Change

Water-table elevations determined from depth-to-water 
measurements and surface-water levels along the Rio Grande 
were used to create a gridded surface of the 2008 and 2016 
water tables by performing a thin-plate spline interpolation 
(Topo to Raster tool; Esri, Inc., 2019) in ArcPro Release 2 
(Esri, Inc., 2017). The gridded surface was then used as input 
to the Contour tool in ArcPro Release 2 (Esri, Inc., 2017). The 
resulting contours were manually edited to remove unrealistic 
features, such as bullseyes, created by the contouring algo-
rithm. Dashed lines were used to represent areas where the 
contours are inferred because of the sparsity or uncertainty of 
the data. Data are considered to be sparse when the distance 
from the contour line to the nearest data-collection site (a well) 
is farther than two standard deviations of the mean distance 
between USGS wells. Data are considered to be uncertain if 
the water-table elevations in closely spaced wells are substan-
tially different or where changes in the shape of the contours 
are not fully constrained by data.

Seventy-eight sites with selected measurements in both 
2008 and 2016 were used to create the areas of water-table 
elevation change. Change at each site was calculated as the 
water-table elevation in 2016 minus the elevation in 2008. 
Zones of water-table elevation change were estimated by 
interpolating between sites using a thin-plate spline technique 
(Topo to Raster tool; Esri, Inc., 2019) in ArcPro Release 2 
(Esri, Inc., 2017).

Water table contours for 2008 are shown in figure 1, and 
for 2016 in figure 2. Figure 3 shows the change in water-table 
elevations from 2008 to 2016. Figures 1–3 are presented as 
a supplemental online map at https://usgs.maps.arcgis.com/ 
home/ item.html? id= 3b038837dfe347daa8691931182788f5.

https://waterdata.usgs.gov/nwis
https://usgs.maps.arcgis.com/home/item.html?id=3b038837dfe347daa8691931182788f5
https://usgs.maps.arcgis.com/home/item.html?id=3b038837dfe347daa8691931182788f5
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Estimated 2008 and 2016 Water-Table 
Elevation Contours and Change

The water-table elevation contours for both 2008 (fig. 1) 
and 2016 (fig. 2) indicate that groundwater generally flows 
from the Rio Grande into the center of the study area in 
eastern Albuquerque, a major pumping center (Bexfield and 
others, 2012). The contours in the southeastern part of the 
study area indicate that groundwater flows westward from 
areas of mountain-front recharge at the base of the Manzanita 
Mountains and then towards the pumping center. The direction 
of groundwater flow in the southeastern part of the study area, 
toward the pumping center and the cone of depression formed 
in response to the withdrawals, is shown by the water-table 
elevation contours on both the 2008 and 2016 maps of the 
water table and the production zone (figs. 1 and 2; Falk and 
others, 2011; Galanter and Curry, 2019) as well as on maps of 
the production zone for earlier years (Thorn and others, 1993; 
Bexfield and Anderholm, 2002b).

Only a few wells in the northeastern part of the study area 
could be considered to be representative of the water table, 
so no contours of the water table could be drawn with confi-
dence in this area. A network of shallow wells that is spatially 
extensive would provide a more complete understanding of the 
water-table response to decreased groundwater pumping in the 
Albuquerque area. Some differences in the shapes of the 2008 
and 2016 water-table elevation contours are attributed to dif-
ferences in data availability between the two years. For exam-
ple, there is a “pinched” area on the KAFB just south of the 
35th parallel where the 4890- to 4910-ft contour lines for 2016 
all appear to converge (fig. 2) that is also seen in previous 
water-table contour maps of the area (Van Hart, 2003). This 
“pinched” feature is not present in the 2008 contours (fig. 1), 
however, possibly because there are no 2008 water-level mea-
surements from the same wells as there were in 2016.

Changes in water-table elevation between 2008 and 2016 
varied spatially throughout the study area (fig. 3). Water levels 
were higher in 2016 in most of the study area, with rises of 
as much as 22 ft. The area of greatest rise in the water-table 
elevation occurred in the northeastern part of the study area, 
and although the northeastern part of Albuquerque is included 
in this area, the change in the water-table elevation in this area 
is uncertain because of the lack of data, which is indicated 
by the dashed contour lines (figs. 1 and 2). The area near the 
Rio Grande and in the southwestern part of the study area 
had minimal change (less than 5 ft) in water-table elevation. 
Water levels, and thus the water-table elevation, decreased in 
several wells in the southeastern part of the study area (within 
the KAFB near the Manzanita Mountains). The plume extent 
in 2016 is shown in fig. 2 (U.S. Army Corps of Engineers, 
2017b); the plume extent in 2019 is shown in fig. 3 (KAFB, 
2019). The water table has a smaller elevation increase in the 
area near the EDB plume than in the production zone. The 
groundwater-level change map of the production zone for 
2008 to 2016 indicates there has been an increase of 20–30 

ft near the EDB plume (Ritchie and others, 2019), while the 
water-table elevation increases in wells near the southwestern 
end of the EDB plume range from 10 to 14 ft (fig. 3).
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