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Volume

gallon (gal) 3.785 liter (L)
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Flow rate
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Potential Effects of Projected Pumping Scenarios on
Future Water-Table Elevations Near Kirtland Air Force
Base in Albuquerque, New Mexico

By Allison K. Flickinger

Abstract

The U.S. Geological Survey, in cooperation with the Air
Force Civil Engineer Center, simulated different groundwater
pumping scenarios from 2016 to 2050 to determine the poten-
tial future changes in groundwater levels in areas around the
Kirtland Air Force Base Bulk Fuels Facility and an ethylene
dibromide (EDB) plume. Projections of water supply and
demand created by the Albuquerque Bernalillo County Water
Utility Authority were used to develop the future ground-
water pumping scenarios used as inputs for a refined local-
scale model within the updated Middle Rio Grande Basin
regional model.

The simulated water-table elevations in model cells that
contain the EDB plume in the medium demand and medium
supply scenario rose 29 feet (ft) until 2035, then remained
within 10 ft of that elevation through 2050, whereas the water-
table elevations in the high demand and low supply scenario
rose about 26 ft until 2035 and then decreased by more than
10 ft. Simulated water-table elevations in the low demand
and high supply scenario continued to rise throughout most
of the future simulation period and peaked at about 44 ft over
the 2016 water-table elevation. All of the scenarios ended the
future simulation period with higher simulated water-table
elevations than at the beginning of the future simulation
period. Simulations that represented the potentially highest
and lowest volume of groundwater pumping near the EDB
plume by adjusting the spatial distribution of pumping had
similar simulated water-table elevations as the nonadjusted
scenarios, with maximum water-table elevation changes that
only differed by about 2 ft from the nonadjusted scenarios.
Consideration should be taken when using these model results
to inform decisions because the model results are subject to
uncertainty from many different sources, including uncertainty
in the future pumping scenarios as well as the model itself
because of the simplification of the hydrogeologic system.

Introduction

The Albuquerque Bernalillo County Water Utility
Authority (ABCWUA) began diverting surface water from
the Rio Grande as part of the San Juan-Chama (SJC) Drinking
Water Project in December 2008. Before the implementation
of this alternate water source, the municipal water supply
was largely groundwater pumped from the Santa Fe Group
aquifer system. The use of the SJC surface water has gener-
ally increased since then, composing about 20 percent of the
annual supply to Albuquerque, New Mexico, and the sur-
rounding areas in 2009 and about 70 percent in 2019 (ABC-
WUA, 2016, 2020). Because of the increased use of surface
water and conservation efforts to reduce per capita water
use, groundwater withdrawals declined 67 percent between
2008 and 2016 (Galanter and Curry, 2019), resulting in rising
groundwater levels throughout the aquifer system from 2008
until recent years (Falk and others, 2011; Powell and McKean,
2014; ABCWUA, 2016; Galanter and Curry, 2019; Jurney and
Bell, 2021).

Although rising groundwater levels are indicative of a
recovering aquifer, rising groundwater levels and changes in
groundwater flow direction could also remobilize or redistrib-
ute the fuel-related contaminants present in soil, soil vapor,
and groundwater at the water table as a result of a fuel spill
containing ethylene dibromide (EDB) at the Kirtland Air Force
Base (KAFB) Bulk Fuels Facility (BFF). Wells in the KAFB
BFF groundwater monitoring well network were installed with
well screens open across the water table in order to monitor
and sample less dense fuel products floating on groundwater
within the EDB plume. Some monitoring wells were replaced
because the tops of their well screens had been submerged by
the rising water table (U.S. Army Corps of Engineers, 2017).
Understanding the potential changes to groundwater levels
in the future and how changes in groundwater pumping can
affect groundwater levels is important to provide guidance for
well design and placement of well screens in the monitoring
wells. The U.S. Geological Survey (USGS), in cooperation
with the Air Force Civil Engineer Center, initiated a two-
part study to (1) document and analyze the response of the
water-table aquifer in the Albuquerque metropolitan area to
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decreased groundwater pumping (Flickinger and Mitchell,
2020) and (2) to simulate groundwater responses to possible
future water-supply pumping scenarios using an existing
groundwater-flow model.

Purpose and Scope

The purpose of this report is to present simulations of
different groundwater pumping scenarios that are based on
projections of supply and demand and designed to deter-
mine potential future changes in groundwater levels in areas
around the KAFB BFF and the EDB plume. Specifically, the
report documents simulations of three main scenarios that
represent future groundwater pumping under low demand
and high supply, medium demand and medium supply,
and high demand and low supply projections. An existing
groundwater-flow model that uses the USGS modular, tran-
sient, three-dimensional, finite-difference groundwater flow
with localized grid refinement, version 2 (MODFLOW-LGR?2)
(Mehl and Hill, 2013) to iteratively couple a regional model
of the Middle Rio Grande Basin (Bexfield and others, 2011)
and a local-scale model of the area surrounding the EDB
plume (Myers and Friesz, 2019) was selected to facilitate the
simulation of the groundwater pumping scenarios. The report
describes how scenario results were analyzed by extracting the
water-table elevations at monitoring wells and the model cells
that cover the extent of the EDB plume. Simulated water-table
elevations are discussed in the context of observed water-table
elevations and possible sources of uncertainty. The model files
for the simulations that support the results and conclusions of
this study are available from Flickinger (2023).

Study Area

Albuquerque is located in the Middle Rio Grande Basin
(hereafter referred to as “the basin”), which encompasses the
area along the Rio Grande between Cochiti Lake and San
Acacia (Bartolino and Cole, 2002) (fig. 1). The SJC Drinking
Water Project is a cross-basin diversion that moves water from
tributaries of the San Juan River through a series of diversions,
canals, and tunnels into a tributary of the Rio Chama, where
the water flows into the Rio Grande upstream from Cochiti
Lake. Tijeras Arroyo, an ephemeral stream that originates in
the Manzanita and Sandia Mountains and discharges ephem-
eral water to the Rio Grande, is the primary drainage for the
southeastern area of the city and KAFB (fig. 2). The reach
of the Rio Grande that flows through Albuquerque generally
loses water to the Santa Fe Group aquifer system (Rankin and
others, 2016).

The Santa Fe Group aquifer system in the basin consists
of the Santa Fe Group and the post-Santa Fe Group alluvial
sediments that were deposited on top of the Santa Fe Group
(Bartolino and Cole, 2002). Depending on location in the
basin, the water table is either in the Santa Fe Group or the
post-Santa Fe Group sediments. In the area surrounding the

KAFB BFF (fig. 2), the water table is in the Santa Fe Group.
The shallow part of the Santa Fe Group is generally consid-
ered to be an unconfined system, but interbedded fine-grained
layers of the Santa Fe Group create semiconfined conditions
at depth (Bexfield and others, 2012). Near the KAFB BFF, the
semiconfined conditions and greater hydraulic pressures at
depth lead to groundwater elevations in some wells screened
at or near the water table being lower than the groundwater
elevations in wells screened at greater depths by 25 feet (ft) or
more (Bexfield and Anderholm, 2002). Variations in ground-
water levels can also vary by the depth of the well within the
Santa Fe Group aquifer system, with some nested monitoring
wells indicating a greater groundwater level recovery in the
deep piezometer compared to the lesser recovery at the shal-
low and middle piezometers, whereas other nested monitoring
wells indicate similar trends of recovery for the shallow, mid-
dle, and deep piezometers (Jurney and Bell, 2021). However,
the height of water level recovery is not necessarily related

to the volume of water recovered, as the height depends on
whether the part of the aquifer system being measured is con-
fined or unconfined and the depths at which the pumping wells
extracted water.

Recharge to the Santa Fe Group aquifer system in the
basin occurs along stream channels, canals, and mountain
fronts as well as from irrigation, septic fields, sewage systems,
and subsurface groundwater inflow at the northern end of the
basin (Myers and Friesz, 2019). Outflow from the Santa Fe
Group aquifer system in the basin occurs through groundwater
pumping, irrigation seepage to drains, riparian evapotranspira-
tion, and subsurface groundwater outflow at the southern end
of the basin.

Prior to extensive groundwater pumping in the
Albuquerque area that began in the 1960s, subsurface flow
entered the basin from the north, and groundwater east of
the Rio Grande in Albuquerque flowed from north to south-
southwest (Bexfield and Anderholm, 2002). After decades of
groundwater pumping, the direction of groundwater flow near
the KAFB BFF reversed flow from southwest to northeast
(Powell and McKean, 2014; Rice and others, 2014; Myers and
Friesz, 2019). By 2008, groundwater pumping had resulted
in a decline of groundwater levels of 120 ft in southeast
Albuquerque (Falk and others, 2011). After the SJC Drinking
Water Project came online in 2008 and groundwater pumping
decreased, groundwater levels began rising in the Santa Fe
Group aquifer system (Myers and Friesz, 2019). The amount
of surface water available can be limited by drought and other
climatic factors. For example, the volume of water that passed
through the outlet of the Azotea Tunnel used to transport
SJC water from the San Juan River to the tributary of the Rio
Chama was about 163,000 acre-feet (acre-ft) in 2017 and only
60,000 acre-ft in 2021 (Bureau of Reclamation, 2022). Water
from the SJC Drinking Water Project provided 71 percent of
all water distributed to customers in 2017 (ABCWUA, 2018),
but in 2021, 74 percent of the potable water resources use was
from groundwater and 26 percent was from SJC surface water
(ABCWUA, 2022).
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Previous Studies

Many previous studies have focused on the basin, includ-
ing extensive overviews of the hydrogeology (Bartolino
and Cole, 2002), development of the hydrogeologic frame-
work (Hawley and Haase, 1992; Hawley and others, 1995),
efforts to map and refine the stratigraphic nomenclature of
the sedimentary facies and deposits as well as faults in the
area (Connell and others, 1998; Connell, 2006, 2008), and
a geochemical characterization of groundwater that resulted
in a greater understanding of the groundwater recharge and
groundwater flow (Plummer and others, 2004). The first ver-
sion of the Middle Rio Grande Basin regional groundwater-
flow model (MRGB regional model) was developed and used
to simulate conditions from 1900 through 2000 (McAda and
Barroll, 2002). The MRGB regional model was later refined
and recalibrated to improve spatial discretization, add recharge
from leaking municipal water systems, and extend the model
period through 2008 (Bexfield and others, 2011). A local-scale
model was created from the updated MRGB regional model to
simulate groundwater flow near the EDB plume (Myers and
Friesz, 2019).

Local-Scale Model

The local-scale model developed by Myers and Friesz
(2019) was selected for use in this study because it combined
the modifications and updates Bexfield and others (2011)
made to the MRGB regional model (McAda and Barroll,
2002) with additional updates and refinement in the area of
interest. The local-scale model uses the three-dimensional
finite-difference numerical program MODFLOW-LGR2 (Mehl
and Hill, 2013) to implement a fine-gridded local-scale model
and the surrounding coarse-gridded MRGB regional model
that are separate MODFLOW-2005 (Harbaugh, 2005) mod-
els with two-way iterative coupling for accurate simulation
of heads and fluxes along the interface between the models.
Model input and output files are available in the associated
USGS data release (Friesz and Myers, 2019).

The local-scale model covers a 190-square-kilometer area
in the vicinity of the EDB plume, with the domain extending
10 kilometers from west to east and 19 kilometers from north
to south. The grid cell size in the MRGB regional model is
500 meters (about 1,640 ft), consistent with the Bexfield and
others (2011) model, and the grid cell size in the local-scale
model is 125 meters (about 410 ft) on each side. The top six
layers of the Bexfield and others (2011) model were refined
into 21 layers in the local-scale model, with layers 1, 2, and
3 remaining the same as in the Bexfield and others (2011)
model and layers 4, 5, and 6 refined into 4, 8, and 6 separate
layers, respectively. The modeling time periods for the MRGB
regional and local-scale models are the same. The models rep-
resent predevelopment conditions using an initial steady-state
stress period followed by 15 5-year stress periods (simulating
1900-74), 15 annual stress periods (simulating 1975-89), a

Methods 5

short stress period (simulating January 1-March 15, 1990),
and 84 stress periods that represent the irrigation seasons
(March 16—October 31) and winter seasons (November 1—
March 15) from March 16, 1990, through 2050.

In addition to the creation of the local-scale model,
further changes were also made from the Bexfield and oth-
ers (2011) updated MRGB regional model, including the
following:

+ extending the simulation period (the updated MRGB
regional model period ended December 2008);

* replacing the Multi-Node Well version 1 (MNW1;
Halford and Hanson, 2002) package with the Multi-
Node Well version 2 (MNW2; Konikow and others,
2009) package;

* using the MNW?2 package to simulate subsurface
recharge from adjacent basins at the perimeter of the
updated MRGB regional model instead of using the
original MODFLOW Well package; and

* increasing the hydraulic conductivity values to better
match the groundwater flow rate indicated by the EDB
plume extent.

Methods

Pumping scenarios were used to represent various water
supply and demand projections, and these scenarios were run
in the local-scale model using modified MNW2 (well pump-
ing) files. The simulation results were summarized to present a
potential range of water-table elevations in areas of interest.

Pumping Scenarios

The pumping scenarios applied to the water supply
wells in this study were based on supply and demand projec-
tions from the ABCWUA “Water 2120—Securing our Water
Future” (Water 2120) report (ABCWUA, 2016). These sce-
narios can be summarized as follows:

* High demand and low supply: representing a future
of rapid population growth while drought and climate
change simultaneously reduce available supplies

* Medium demand and medium supply: representing a
projected average amount of population growth and
climate change

* Low demand and high supply: representing slow
growth and high supply of water because of minimal
effects of climate change
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Demand Projections

The ABCWUA Water 2120 report bases the demand
projections on three possibilities for population growth: 0.8,
1, and 1.2 percent growth for the low, medium, and high
demands, respectively. These population projections were
multiplied by the conservation goal of 135 gallons per capita
per day (gpcd) to attain projections of total water demand, and
the “outdoor” portion of the total water demand projections
was adjusted for potential future changes in evapotranspiration
by applying climate projections of temperature and precipita-
tion to the monthly average reference evapotranspiration for
Albuquerque. The conservation goal of 135 gpcd was reached
in 2014, making it a conservative estimate for water use,
especially because it is expected that population growth will
be supported through new, more water-efficient buildings. Per
capita water usage was 124 gallons per day in 2021, and the
new conservation goal is to achieve 110 gped by 2037 (ABC-
WUA, 2022). The resulting total projected water demand in
2050 ranges from approximately 133,000 to 164,000 acre-ft in
the low and high demand growth scenarios, respectively, com-
pared to the approximately 99,000 acre-ft of water demand in
2014 (ABCWUA, 2016).

Supply Projections

The water supply for ABCWUA is composed of both sur-
face water and groundwater. The surface-water supply comes
from the SJC Drinking Water Project and native Rio Grande
streamflow. Groundwater is pumped from the Santa Fe Group
aquifer system at various water supply wells located through-
out the city. The goal is to have the SJIC Drinking Water
Project supply 70—75 percent of all customer demand, but the
ratio of groundwater to surface water from the SJC Drinking
Water Project can vary from year to year depending on the
availability of surface water (ABCWUA, 2018).

Surface Water

Projections of streamflow were developed by the Bureau
of Reclamation (Bureau of Reclamation, 2011) using World
Climate Research Program’s Coupled Model Intercomparison
Project Phase 3 (CMIP3; Maurer and others, 2007). The
CMIP3 global projections were downscaled using the bias
correction and spatial disaggregation approach (Wood and
others, 2002). The 112 climate projections were grouped
into five “ensembles” by precipitation and temperature,
and these grouped results were used to modify the histori-
cal record of temperature and precipitation data from 1951
to 1998 (ABCWUA, 2016). A scaling factor was applied to
the precipitation records and an incremental adjustment was
applied to the temperature records (Bureau of Reclamation,
2011). The modified records of temperature and precipitation
data were used as input to the Variable Infiltration Capacity
(VIC; Liang and others, 1994, 1996; Nijssen and others, 1997)
model to simulate runoff and natural streamflows. Overall,

the downscaled CMIP3 hydroclimate projections for the Rio
Grande Basin indicate that a decrease in precipitation and

an increase in temperature are expected through 2100, and

the simulated streamflows indicate a decrease in runoff and
streamflow in the Rio Grande Basin (Bureau of Reclamation,
2011). The simulated natural streamflows and altered climate
records were used in the Upper Rio Grande Simulation Model
(URGSiM; Roach and Tidwell, 2010), a monthly mass balance
model that simulates groundwater and surface water of the Rio
Grande Basin upstream from the Caballo Reservoir outlet, to
obtain streamflow sequences in the context of current man-
agement practices and demands. These streamflow sequences
were used to create the supply projections in the ABCWUA
Water 2120 report (ABCWUA, 2016).

The low supply projection (using the hot-dry CMIP3
ensemble) reflects the average of the upper 25 percent of
climate projections for temperature and precipitation change.
The medium supply projection (using the central CMIP3
ensemble) reflects the central tendency of climate projec-
tions, using the climate projections that fall between 25 and
75 percent for temperature and precipitation change. Because
the future surface-water supply is expected to be less than the
historical surface-water supply and not to exceed the historical
supply, the historical supply hydrologic sequence that includes
the recent historical record from 1971 to 2014 was used to
represent the high supply projection.

Based on these climate simulations performed by
Reclamation, the projections for the SJC supply range from 75
to 100 percent of the ABCWUASs annual allocation of con-
sumptive rights (48,200 acre-feet per year) (ABCWUA, 2016),
with the low supply scenario at 75 percent, the medium supply
scenario at 88 percent, and the high supply scenario at 100
percent. Historically, Heron Reservoir has been able to act as a
buffer to the annual variability of surface-water supply, which
is why the historical supply that is being used as the high sup-
ply projection is considered to be 100 percent of the consump-
tive rights. The potential future reductions to the native Rio
Grande streamflows were also considered in the simulation of
the surface-water supply. There is about a 22-percent decrease
in average streamflow between the high supply and low supply
projections for the Rio Grande (table 1).

Groundwater

Groundwater is expected to be less affected by climate
change compared to the highly variable surface-water projec-
tions (ABCWUA, 2016). A small change in future recharge
rates is possible, but the future groundwater supply is still con-
siderably more reliable than the future surface-water supply.
The amount of groundwater used to meet the total demand was
determined as the difference between the projected demand
and the projected surface-water supply (ABCWUA, 2016) and
varies annually (fig. 34).



Table 1.
2015-20 (ABCWUA, 2016).

[ft3/s, cubic foot per second]
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Annual average and median Rio Grande streamflow projections for the projection period of

Projection 2015-20 Average streamflow (ft¥/s) Median streamflow (ft3/s)
High supply (historical) 1,251 766
Medium supply (central) 1,077 677
Low supply (hot-dry) 973 621

Simulations and Analysis

The future simulation period for this study starts in 2016
to stay consistent with the projection period from the ABC-
WUA Water 2120 report, and the future period ends in 2050
as to not exceed the previously published simulation period of
the local-scale model. The total annual groundwater pumping
values from the ABCWUA Water 2120 report (ABCWUA,
2016) for this future simulation period were separated into
summer (mid-March through October) and winter (November
through mid-March) seasons using the seasonal percentages
of annual pumping from historical pumping data as used in
the original pumping projections from the local-scale model
files (approximately 24 percent of the annual total occurring
in the winter and 76 percent occurring in the summer) (Friesz
and Myers, 2019). The calculated seasonal projected pumping
totals were divided between the various ABCWUA water sup-
ply well locations using the seasonal fractions for each specific
well from historical pumping data (data from November 2009
to October 2010) for the three main pumping scenarios
(fig. 3B).

Pumping volumes vary between the municipal wells,
and the variation is not consistent over time. Two additional
scenarios were developed to adjust the spatial distribution
of the groundwater pumping so it is focused either near the
plume or away from the plume (referred to as the “adjusted
distribution scenarios”). The Ridgecrest and Burton clusters of
water supply wells were designated as “near the plume,” and
all of the other wells were considered “away from the plume”
(fig. 2). The spatial distribution of the seasonal projected
pumping totals was based on the minimum and maximum
values that represent the range of seasonal distributions from
historical pumping data (data from 1988 to 2019). The high-
est proportion of historical seasonal pumping taking place
near the plume in the winter was 7.06 percent in 2015 and in
summer was 17.95 percent in 2017. The lowest proportion of
seasonal pumping taking place near the plume in winter was
1.61 percent in 2017 and in the summer was 8.91 percent in
2015. Using historical data to determine the adjustments to the

pumping distribution ensured that the pumping distributions
were possible within the constraints of the water supply sys-
tem and that the pumping distributions could potentially occur
again in the future.

In addition to the ABCWUA water supply wells, there
are water supply wells for KAFB and the U.S. Department of
Veterans Affairs hospital included in the local-scale model.
The projected pumping rates for these wells were constant
in the different pumping scenarios used for this study and
identical to the pumping values used in the local-scale model’s
MNW?2 file (Friesz and Myers, 2019). Seasonal pumping
projections were supplied for the U.S. Department of Veterans
Affairs hospital well, and the pumping at the KAFB wells was
based on past pumping rates and held constant throughout the
future simulation period (2016-50). There were not sufficient
data to estimate how changes in demand could vary and affect
the pumping at these wells.

The pumping scenarios were used to modify the MNW2
files of the local-scale model and the MRGB regional model.
The MNW?2 file for the local-scale model was also adjusted
to remove an extra extraction well—used to simulate the
pumping and treating of contaminated groundwater—from
the model. The extra extraction well was added because the
number and final locations of the extraction wells (fig. 2) had
not been established at the time the model was built.

The results from the model simulations with the five
pumping scenarios (low demand and high supply, medium
demand and medium supply, high demand and low supply, an
adjusted distribution of low demand and high supply, and an
adjusted distribution of high demand and low supply) were
analyzed using Python and the FloPy package (Bakker and
others, 2016). Water-table elevations were obtained by pro-
cessing the data and using the groundwater elevation from the
topmost model layer with groundwater (nondry cell) for each
model cell. The topmost nondry cell can vary between layers
as the cells become dry and can then rewet throughout the
simulation period. Time series plots of the water-table eleva-
tions were constructed for cells in areas of interest.
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Figure 3. A, Annual and, B, seasonal projected groundwater pumping totals for the Albuquerque Bernalillo County Water
Utility Authority (ABCWUA) through 2050 for the three main scenarios: high demand and low supply; medium demand and
medium supply; and low demand and high supply (ABCWUA, 2016).

Results of Simulations

On average, simulated average water-table elevations
increased in all supply and demand scenarios in model cells
in which the EDB plume is located until about 2035 (fig. 4).
After 2035, the simulated average water-table elevations from
the low demand and high supply scenario continue to increase
until almost 2050 (fig. 4). The peak change is about 44 ft

above the water-table elevation at the beginning of the future
simulation period and occurs in 2048, before the increase

in water-table elevations slow and begin to plateau. For the
medium demand and medium supply scenario, some variable
simulated changes in average water-table elevations occurred
after 2035, although they largely remained steady (fig. 4).
Simulated average water-table elevations decreased from
2035 to 2050 for the high demand and low supply scenario
(fig. 4). The simulated average water-table elevations for the



medium demand and medium supply scenario peaked in 2035
approximately 29 ft higher than the water-table elevation at
the beginning of the future simulation period, while the aver-
age water-table elevation results from the high demand and
low supply scenario also peaked in 2035 about 26 ft higher
than the lowest simulated water-table elevations (fig. 4). The
adjusted distribution scenarios largely follow the pattern of the
simulated water-table elevations from their associated main
scenarios, with simulated maximum changes in average water-
table elevations that differ by about 2 ft in the low demand
and high supply scenario and approximately 2 ft in the high
demand and low supply scenario (although the high demand
and low supply adjusted distribution scenario can differ from
the main high demand and low supply scenario by as much
as 5 ft).

The highest and lowest future simulated water-table
elevations in the local-scale model are mapped in figure 5
for the area near the EDB plume, along with the simulated
water-table elevations in 2050 at the end of the future simula-
tion. The model stress periods in which the highest water-table
elevations occurred, as noted in figure 5, are not the same for

50
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all three main scenarios. The water-table elevations for the low
demand and high supply scenario continue to rise throughout
most of the model period, and winter 2048 is the stress period
with the highest water-table elevations in the model cells
containing the EDB plume (fig. 5). The highest water-table
elevations for the medium demand and medium supply and the
high demand and low supply scenario occurred at the end of
the summer 2035 stress period (fig. 5). The lowest water-table
elevations occurred in the beginning of the future simulation
period (summer 2016) for every scenario.

“Sentinel wells” are located between the EDB plume and
drinking water supply wells. The sentinel wells are intended
to monitor movement of groundwater contamination and
provide advanced warning of any movement of contamination
toward the drinking water supply wells. The cells in which the
sentinel wells are located have similar water-table elevation
changes, as do the cells in which the EDB plume is located.
The time series plots in figure 6 show that the simulated
groundwater levels in the future simulation period continue
to increase until 2035 in the medium demand and medium
supply and high demand and low supply scenarios. In contrast,

45 |-

40

30 —

25 —

Change in water-table elevation, in feet

2020 2025 2030

2035 2040 2045 2050

Year

EXPLANATION

Low demand and high supply range from minimum to maximum

Medium demand and medium supply range from minimum to maximum

High demand and low supply range from minimum to maximum

Low demand and high supply average

Medium demand and medium supply average

High demand and low supply average

Figure 4. Time series of the simulated average water-table elevation change from initial head of the
future simulation period (2016-50) in the model cells that contain the ethylene dibromide plume as of
March 2021. The shaded area around the average water-table elevation change is bounded by the
minimum and maximum water-table elevation change from the adjusted distribution scenarios.
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low supply scenario.



simulated groundwater levels continue to mostly increase
throughout the whole future simulation period for the low
demand and high supply scenario until they begin to plateau
near the end of the future period at around 44—46 ft higher
than the beginning of the future period. The simulated water-
table elevations for the medium demand and medium supply
scenario peaked approximately 29-31 ft higher than the water-
table elevations at the beginning of the future period, and the
simulated water-table elevations for the high demand and low
supply scenario peaked approximately 2628 ft higher than
the water-table elevations at the beginning of the future period.
The adjusted distribution scenarios had patterns similar to
those for the associated main scenarios, with the adjusted low
demand and high supply scenario simulated water-table eleva-
tions peaking about 2 ft higher than those for the main sce-
nario and the adjusted high demand and low supply scenario
simulated water-table elevations peaking about 2 ft lower than
those for the main scenario. (However, the simulated water-
table elevations in the future period from the high demand and
low supply adjusted distribution can differ as much as about 5
ft from the high demand and low supply scenario.)

Potential Effects of Simulated Future
Pumping

The ABCWUA considers the medium demand projection
to be the most expected scenario on the basis of the informa-
tion available, including recent and historical economic condi-
tions and population growth, although it does not consider the
scenario any more likely than the others (ABCWUA, 2016).
However, it is possible that unexpected changes to population
growth or water usage rates could result in the low or high
demand projections. The high supply projection that uses the
historical supply does not account for any future effects from
climate change, but the streamflow projections derived from
the climate projection output indicate that climate change will
have some effect on the surface-water supply in the basin.
Although the medium demand and medium supply scenario is
considered the most expected scenario, using the three main
scenarios that combine the different projections of demand and
supply is necessary to understand the full range of potential
effects on water-table elevations because of the variability
involved.

Overall, the water-table elevations in the wells of interest
and the model cells that contain the EDB plume continued
to rise throughout the future simulation period for the low
demand and high supply scenario until beginning to plateau
at the end of the period. The water-table elevations rose until
leveling off about 2035 with some variation for the medium
demand and medium supply scenario, and the water-table
elevations rose until about 2035 and then decreased for the
high demand and low supply scenario. The pumping scenarios
with adjusted spatial distribution of pumping had similar
patterns of water-table elevation changes, with the peak

Potential Effects of Simulated Future Pumping 1"

water-table elevation change in the adjusted spatial distribu-
tion approximately 2 ft higher than that of the low demand
and high supply scenario and the peak water-table elevation
change in the adjusted distribution approximately 2 ft lower
than that of the high demand and low supply scenario. These
model results indicate that the spatial distribution of the pump-
ing, even at the most extreme observed distributions in regard
to production wells near the area of interest, is not likely to
have a substantial effect on the water-table elevations near the
EDB plume.

The groundwater elevations observed at the sentinel
wells indicate that the water table rose steadily from 2014 to
about 2020, similar to other wells in Albuquerque that had an
increase in water table elevations starting around 2008 (Jurney
and Bell, 2021). However, the groundwater elevation levels in
the sentinel wells began to decline starting in 2020 (as shown
for the sentinel wells in fig. 6) because more groundwater has
been pumped from municipal wells in recent years. The simu-
lated results based on the groundwater pumping projections do
not indicate any leveling off or decreases in water-table eleva-
tions until 2035. It is possible that either the surface-water
supply projections are not as extreme as the actual conditions
that occurred in 2020-21, or it could be that the model is not
as sensitive as the hydrogeologic system that it is trying to
simulate. The simulated results prior to the observed water-
table elevation decline also differ from the observed water-
table elevations in the USGS sentinel wells, with the observed
water-table elevations about 5—15 ft higher than the simulated
water-table elevations until the observed values decrease and
almost match the simulated values by 2022. This discrepancy
should be considered when determining how these future
model results are used to inform decisions.

Limitations to the model inputs should be considered in
the interpretation of the model results. Although the ground-
water pumping at the ABCWUA water supply wells was
projected to estimate future supply and demand, the pumping
at the KAFB wells was not truly projected, because the model
used the same previously recorded pumping rates to popu-
late the future pumping for 2016-50 as used in the publica-
tion of the local-scale model (Myers and Friesz, 2019). It is
unlikely that the KAFB groundwater pumping will remain
static throughout the next several decades. In addition, the
ABCWUA groundwater pumping projections do not account
for any improvements in water-use efficiency or implementa-
tion of water policies that could potentially decrease the gpcd.
It is possible that future changes to the gped could impact the
total water demand. The groundwater pumping projections
also do not account for possible alternatives for supply that
are discussed in the report (ABCWUA, 2016) including reuse,
additional aquifer storage and recovery, stormwater capture,
indirect potable reuse, and watershed management. The water
supply and sources of the supply could be affected if any of
these ideas are implemented in the future.

In addition to the uncertainty associated with the
model inputs, there is also uncertainty associated with the
model itself. Modeling is, of necessity, a simplification of



12

Potential Effects of Projected Pumping Scenarios on Future Water-Table Elevations Near Kirtland AFB

A. Cesar Chavez sentinel, well 350359106335201
4910
' [ [ [ [ [ [

4,900 —

4,890 —

4,880 —

4,870 —

Simulated water-table elevation, in feet above
North American Vertical Datum of 1988

4,860 —

EXPLANATION

| | | | | | | | | —e— Observed water-table elevation

4,850
2012 2016 2020 2024 2028 2032 2036 2040 2044 2048 2052 — Top of well screen
Year Simulated water-table elevations from
future scenarios

B. Trumbull sentinel, well 350408106335601 o Low demand and high supply

4310 T T 1T T 1 o .
Adjusted distribution low demand and high supply
—#&—  Medium demand and medium supply
—4a—  High demand and low supply
4,800 — — — Adjusted distribution high demand and low supply
g
<8
= —
@ N
2 ° 4890 [~
£ E
=2
sa
S
< £ -
o8 4,880
o
£ 5
£s
< 40—
K=
e
© o
S =2
£
n
4,860 —
4850 [ I IO O O Y
2012 2016 2020 2024 2028 2032 2036 2040 2044 2048 2052

Year

Figure 6. Time series of simulated water-table elevations in model cells that contain wells of interest for the future

simulation period (2016-50). Sites are the water-table level screened wells at the following locations A, Cesar Chavez sentinel
(USGS site no. 350359106335201), B, Southern sentinel (USGS site no. 350359106333901), C, Trumbull sentinel (USGS site no.
350408106335601), D, KAFB-003 sentinel (KAFB-106201), £, KAFB-015 sentinel (KAFB-106003), F, KAFB-016 sentinel (KAFB-106245),
and G-H, the two U.S. Department of Veterans Affairs hospital proximal monitoring wells (KAFB-106013 and KAFB-106004).
Observed water-table elevations are included for applicable U.S. Geological Survey sites (U.S. Geological Survey, 2022).
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the hydrogeologic system, and the simulated pumping is a
simplification of the actual pumping stresses to the system.
These simplifications lead to uncertainty in the model results.
A detailed discussion of the local-scale model, the simplifi-
cations made, and some potential sources of uncertainty is
provided in Myers and Friesz (2019). The uncertainty associ-
ated with the future simulated water-table elevations should
be considered when using the results to inform decisions,
and verification through continued monitoring of water-table
elevations will continue to enhance understanding.

Summary

Groundwater levels throughout the Santa Fe Group
aquifer system in Albuquerque, New Mexico, have been rising
from 2008 up until recent years. Understanding the potential
changes to groundwater levels in the future and how changes
in groundwater pumping can affect these changes is impor-
tant to inform well design and placement of well screens in
the Kirtland Air Force Base Bulk Fuels Facility monitor-
ing network. Several scenarios of varying water supply and
demand were used to develop groundwater pumping projec-
tions to determine the potential future changes in water-table
elevations in areas around the Kirtland Air Force Base Bulk
Fuels Facility and the ethylene dibromide (EDB) plume. The
groundwater pumping projections were used as input for the
local-scale model of the MODFLOW-LGR2 version of the
updated Middle Rio Grande Basin regional model.

The water-table elevations in the model domain rose
in all scenarios until approximately 2035. Around that time,
the simulated water table elevations in the medium demand
and medium supply scenario both increased and decreased,
whereas the water-table elevations began to steadily decline
for the high demand and low supply scenario. Simulated
water-table elevations continued to rise throughout the future
simulation period in the low demand and high supply scenario.
All of the scenarios ended the future simulation period with
higher simulated water-table elevations than at the begin-
ning of the future simulation period. Results indicate that the
simulated future water-table elevations averaged from model
cells that contain the EDB plume had a maximum increase of
approximately 44, 29, and 26 feet over the 2016 water-table
elevation at the beginning of the future simulation period in
the pumping scenarios based on high supply and low demand,
medium supply and medium demand, and low supply and high
demand projections, respectively. Model cells at locations of
wells of interest had similar maximum increases in water-table
elevation during the future simulation period. The scenarios
with adjusted spatial distribution that simulated the high-
est and lowest focus of groundwater pumping near the EDB
plume had similar water-table elevations as the associated
main scenarios, with water-table elevation changes that only
differed by 2 feet from the nonadjusted scenarios.

The model results are subject to uncertainty from many
different sources, including uncertainty in the model itself and
uncertainty associated with the supply and demand projections
used to create the future pumping scenarios. As such, con-
sideration should be taken when using these model results to
inform decisions.
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