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INTRODUCTION

In the Albuquerque metropolitanarea of central New Mexico,
residential water-supplyrequirements have historically been met
almost exclusively by ground-water withdrawal from the Santa Fe
Group aquifer system.The rapid population growth of the metropolitan
area fromabout 262,200 residents in 1960 (KarenD.Thompson, U.S.
Census Bureau, written commun., 2002) toabout 712,700 residents in
2000 (U.S.Census Bureau,2001) hasresulted ina largeincrease in
the numberof municipal-supply wells operatedin theregion andthe
total quantity of waterthey withdraw peryear.The largest municipal
supplier isthe City of Albuquerque, whichdelivered about 35.8billion
gallons of water toapproximately 450,000 people during calendaryear
1997 (files of the City of Albuquerque) and operates morethan 90
municipal-supply wells. Other nearbyimportant suppliersinclude the
City of Rio Ranchoand the Town of Bernalillo. The large quantity of
ground-water withdrawalin the Albuquerque metropolitanarea relative
to ground-water recharge has resultedin water-level declines inthe
Santa Fe Group aquifer system across much ofthe region. Analysis of
the magnitude of and patterns in water-leveldeclines canimprove
understanding of how the ground-water system respondsto
withdrawals and howthe system might be managed inthe futureto
minimize water-level declines and operating costs of watersuppliers.

This report, prepared incooperation withthe City of
Albuquerque Public Works Department, presents estimated changes
in staticwater levelsin the production zone of the Santa Fe Group
aquifersystem inthe Albuquerque metropolitan areabetween recent
(1999-2002) and predevelopment (pre-1961) conditions.Contours of
recent waterlevels are mapped, along withthe ranges of estimated
water-levelchange.

The authorsthank thoseindividuals and agencies thathave
aided incollection of water-leveldata usedforthis report. R.K.
DeWees, Dale Rankin,and Stephanie Moore ofthe U.S. Geological
Survey (USGS)measured waterlevelsin many municipal-supply and
monitoring wells.Pat Gallegos withthe City of Albuquerque Water
Utility Divisionand Paul Romeroand Pat Gallegos with the City of Rio
Rancho Waterand Wastewater Department (respectively) provided
assistance withaccess towells. Franz Lauffer with Sandia National
Laboratories generously provided water-level data for monitoringwells
located atKirtland Air Force Base; the datawere collectedby
personnel of Sandia National Laboratories and Kirtland Air Force Base
through theirown programs. The authors alsothank Doug McAda ofthe
USGS for histechnical advice and assistance.

DATA SOURCES

To estimate changes inwater levels between recentand
predevelopmentconditions inthe Santa Fe Group aquifer systemin
the Albuquerque area, maps of waterlevelsduring the two time periods
were needed. A newwater-levelmap representingrecent conditions
was constructed during this study. All water-level data for the map were
obtained atsome time between 1999and 2002, primarily from
municipal-supply and monitoring wells, under circumstances
representative of near-staticlocal conditionsin the Santa Fe Group
aquifer (described below). Although the construction of municipal-
supply wellsis notoptimal to obtain discrete vertical head data, use of
water levels from these wells was necessary to obtain a sufficient
number of data pointsto delineate recent water-level conditions
across theregion. These wells are screened (opento the aquifer)
across large depth ranges, commonly exceeding 700 feet; therefore, a
water level obtained fromone these wells representsan "average"
water level forthe entire screened interval. City of Albuquerque
municipal-supply wellstypically are screened from within about200
feet of the water table to 900 feet ormore belowthe watertable. This
part of the aquifer iscommonly referred to as the "production zone."
Where available, water-leveldata for monitoring wells (piezometers)
completed nearthe middle of the production zone of nearby municipal-
supply wellsalso were used; these piezometerstypically are screened
overmuch smallerintervals than municipal-supply wells. Thus, in
general, therecent water-level data obtainedforthis reportshould be
representative of conditionsnear the middle ofthe productionzone.

Although measurements used in this study to representthe
recent water-level surface inthe production zone were collected over a
period of about 3years, the measurements were determined to be
comparable given the general nature of the available data. Most of the
data were obtained from municipal-supply wells with long screened
intervals, across which waterlevels are likely to vary by several feet.
Data presented by Bexfield and Anderholm (2002) for deep nested
piezometers spanningthe production zone (described below in greater
detail) indicate that waterlevels commonly differby about 10 feetor
more from the top to the bottom of the zone.Because water-level
measurements from different municipal-supply wells may not be
representative of precisely the same part ofthe production zone, even
measurements forthe same day are broadly--though not exactly--
comparable amongdifferent wells. The Bexfield and Anderholm study
(2002) also showed thatcurrent water-level declinesin the production
zone, asindicated by water levels from piezometers, areabout 1to 2
feet peryear inmost areas. Therefore, the error induced in comparing
water-levelmeasurements collected over a period of about 3 years
probably is nearly equivalentto the error in comparing water levels for
the same year amongwells havinglong screenedintervals. A
reasonable estimate of this error probablyis about5 to 10 feet.

Most of the recent water-level data used for thisreport (see map)
were obtained from City of Albuquerque municipal-supply wellsunder a
program funded cooperatively by the City of Albuquerque andthe USGS
to measure near-static waterlevels during times of low water demand
(winter). Beginning in December 1996, water levels were measured
between the months of December and April inas many as 70 municipal-
supply wells.Measurements were made only after the well had not been
pumped fora period of atleast 2 weeks. Waterlevels were measured
using eitheran electric or steeltape; the use of either should provide
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measurement accuracy within afoot. Measurements were not made in wells that
had no access tothe waterlevel through the casing. An electric tape with an
interface probe (to distinguish between waterand any of the food-grade mineral
oil used for lubrication floating ontop) was used to measure waterlevelsin
selected wells. The most recent winter waterlevel (typically from the winter of
1999-2000 or2000-2001) was chosen foruse in this report.

Waterlevelsfor City of Rio Rancho water-supply wells were obtained
from twosources. USGS personnel measured waterlevelsin six Rio Rancho
wells (seemap) betweendJanuary and April 2002. Measurements were made
using anelectric orsteel tapein wellsthat hadbeen leftidle for atleast 2
weeks. Measurements werenot madein wellsthat hadno accessto the water
levelthrough the casing. Water-level measurements obtained by City of Rio
Rancho personnelduring 2000 using an air line (see map) were provided to
the USGS by the City of Rio Rancho Waterand Wastewater Department (Paul
Romero, written commun.,2001). These measurements were obtained from
wells inwhich the pump hadbeen offforseveral hours todays.Because they
are nottrue staticlevels and because air-line measurements may be accurate
only towithin several feet, they were usedin this study only when noother data
were available and whenthe waterlevels appeared comparable to data for
nearby wells.

Additional waterlevels were obtainedfrom 24 piezometers throughout
the metropolitanarea (see map; 3 are located outside the areashown). Most of
these belongto piezometernests installed as part of aprogram startedin
1996 bythe City of Albuquerque, Bernalillo County, the New Mexico Office of
the State Engineer, and the USGS. These well nestsgenerally werelocated at
least 1 mile frommunicipal-supply wellsto minimize the local effects of short-
term pumpingcycles on measured waterlevels. The piezometer nests
typically include three ormore individual piezometers, with atleast one
piezometer screenedat the water table, onenear the middle ofthe production
zone of nearby municipal-supply wells, andone nearthe bottom of orbelow
the productionzone. For nests ofthis type, the waterlevel used for thisreport
was obtainedfrom the piezometer screenednear the middle ofthe production
zone;these piezometerstypically have ascreened interval of only 5 to 10 feet.
A few piezometer sites consist ofonly one piezometer; at these sites, the
piezometer iscompleted withinthe productionzone andhas ascreened
interval of 20 feet orless. Data alsowere usedfor a few additionalpiezometers
installed priorto 1996 that are screened inthe productionzone.In
piezometers equippedwith transducers, the water level selected for use was
the highestwater level recorded bythe transducer (excluding aberrant spikes)
during the winter months of 1999 or 2000. Transducers record water levels
once perhour andare calibratedabout every 2 months. In afew cases, water-
level measurements obtained by steeltape were used becausetransducers
had notyet beeninstalled; all butone ofthese water-level measurements were
made duringwinter months.

To provide control on water levels southeast of Albuquerque, data were
used for several wells located on Kirtland Air Force Base (see map).Personnel
from Kirtland Air Force Base or Sandia National Laboratories measured water
levelsin these wells in 1999 or2000 using steel orelectric tape.Although a
few of these wells arescreened about 100 to 250 feet belowthe watertable,
many arescreened ator nearthe watertable. Therefore, waterlevelsin these
wells generallyare morerepresentative of conditionsin shallower parts of the
aquiferthan are water levels from municipal-supply wells. It isnot known
whether vertical water-level gradientsin the area tendto be upward or
downward;thus, whetherwater-leveldeclines calculatedforthe production
zone ofthe areaare somewhatunderpredicted oroverpredicted by the use of
data fromshallower wells cannotbe estimated.

To createthe contourmap ofrecent waterlevels, the datadescribed
above were plottedusing ageographic information system (GIS), then hand
contoured. Because nearly every data pointwas honoredin contouring, the
measured waterlevelat apoint deviated byless than 10 feet fromthe water
levelthat wouldbe inferred fromthe contours.Riverbed elevations forthe Rio
Grande thathad beendigitized from7.5-minute quadranglesalso wereused in
creating the contour map. These elevations provide controlforareas nearthe
river where water-levelmeasurements inwells are sparse ornot available.
However, these elevations are representative ofthe shallow ground-water
system (assuminghydraulic connection betweenthe riverand the aquifer)
rather thanthe production zone ofthe aquifer. Therefore, atvarious points
near theriver, nested piezometersscreened atthe watertable andin the
production zone were usedto estimate differences in waterlevels between the
shallow systemand the production zone at those points. These differences
were thenused to estimate where each water-level contour inthe production
zone shouldcross the Rio Grande.

Forthis study, the predevelopmentwater-levelmap of Bexfield and
Anderholm (2000) was usedto representpredevelopmentconditions inthe
aquifer system. That map wasintended torepresent waterlevelsin the upper
few hundred feet of the aquifer systemrather than specifically inthe
production zone or atthe watertable. Water-level data for the Bexfield and
Anderholm (2000) map were obtained from a variety of sources andincluded
data for multiple well types (such as domestic, municipal-supply, and stock
wells) of varying construction and for springs. Within the study area of this
investigation (see map), all dataused for the predevelopment map were
collected priorto 1961.More details on datasources for the predevelopment
map are availablein Bexfield and Anderholm (2000). Although the map by
Bexfield and Anderholmwas notdesigned specificallyto representwater-level
conditions inthe production zone ofthe aquifer system, the map was assumed
to provide information comparable tothat providedby the newly constructed
map ofrecent waterlevelsin the production zone. Comparison of water levels
between thetwo mapsis subjectto alevel of errorthat isdependent onvertical
head gradientsbetween the water table andthe productionzone. Waterlevels
presented by Bexfield and Anderholm (2002) for piezometernests--
particularly water levels measured during the wintermonths--indicate thatthis
error generallyshould notexceed 5 to 10 feet, the error likelyto be associated
with the map ofrecent waterlevels (as discussed above).

METHODS OFESTIMATING WATER-LEVEL CHANGE

Water-level changein the production zone of the aquifer from
predevelopmentto 2002 was estimatedusing a GIS. The water-level contours
of the predevelopment map by Bexfield and Anderholm (2000) and of the

newly constructed map of recent water levels were digitized. A grid of points
spaced at500-meter (about 1,640-foot) intervals wascreated, and water-level
elevations were interpolated onto the grid usingthe contoursand selected
actual water-level measurements. Theinterpolated values calculated by the
GIS werereviewed forappropriateness. The difference between
predevelopmentand recentwater levels was thencalculated ateach grid
point, andthe results were contouredand subsequently color codedto obtain
the estimatedranges of water-leveldecline presentedon the map. For 20
individual wells, both predevelopmentand recentwater-level measurements
were available. The differences between water levels at these points were
compared withthe estimates of water-level change created with the GIS to
ensure consistency. The area for which estimates of water-levelchange are
presented (see map) was selected primarily to focus onthe areawhere the
most information was available. The eastern edge of the contoured areaalso
was selectedwith theintent of excluding areas where Bexfield and Anderholm
(2000) indicatedthe existence of hydraulic discontinuities thatare probably
associated with major faults. Water-level data nearthese hydraulic
discontinuities aretoo sparseto accuratelyrepresent the ground-water levels
near faults.

The contours of water-level decline presentedin thisreport are
intended toprovide onlyreasonable estimates of the general magnitude,
extent, and areal pattern of water-levelchange inthe productionzone ofthe
aquifer system inthe Albuquerque area. Because ofthe degree of variability
and errorinherent inthe data (as describedin the previous section) andthe
error introduced by thecomparison of interpolated values on adiscrete grid,
the boundaries shown between theranges of water-levelchange are not
precisely located. Therefore, use of thismap to estimate the exact water-level
change atan individual location should be attemptedonly with great caution
and withan awareness ofthe limitationsinvolvedin construction of the map.

IMPLICATIONS FORGROUND-WATER FLOW AND RESPONSE OF
THE AQUIFER SYSTEMTO PUMPING STRESS

The contours of recentwater levels presented inthis reportindicate
that ground-water-flow directionshave changed considerably since
predevelopment (pre-1961). Assuming flowis effectively perpendicular to
water-levelcontours, the predevelopment map of Bexfield and Anderholm
(2000) indicatesthat groundwater inthe Albuquerque area has historically
flowed primarily from northeast to southwest onthe westside ofthe Rio
Grande andprimarily from north to south-southwest onthe eastside ofthe Rio
Grande.Therecent (1999to 2002) water levels presented inthis report
indicate thatbeneath the Albuquerque metropolitanarea, groundwater on
either side of the Rio Grande currently flowstoward the majorpumping
centers fromall directions (see map).In particular, strong northerly and
easterly flowcomponents are now presentwithin the study areaon eitherside
of theriver.The contours ofrecent waterlevels also showthat hydraulic
gradients directedaway from theriver toboth the east andwest are currently
quite steep, especiallyas compared with predevelopment gradients.

Estimated water-level changes calculated using the contour maps of
recent and predevelopment conditions indicate that declinesin the
Albuquerque metropolitanarea over aboutthe past40 yearshaveranged from
negligible tomore than 120 feet (see map). Water-level declines are smallest
in the southwestern part ofthe study area, whererelatively little ground water
is pumped, and alongthe Rio Grande, where recharge from theriver reduces
declines. Water-level declines arelargest inthe major pumping centers
located several miles eastand westof theriver.Declines exceed 120 feet
near the major basin-boundingfaults on the eastern margin of the study area,
probably asa resultof the juxtaposition of permeable sedimentsin the basin
with relatively impermeable materials presenton the east side of these faults.
The map of water-level change inthe productionzone ofthe aquifer indicates
that the average water-leveldecline resultingfrom ground-water pumping
overabout the past 40years hasranged fromabout 1to 3feet per yearacross
broad parts of the Albuquerque area.
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