RESOLUTION NO. 2017-30
A RESOLUTION APPROVING THE TOWN OF SILVER CITY
SUPPLEMENTAL FORTY-YEAR WATER PLAN
WHEREAS, the Town of Silver City commissioned the firm of Balleau Groundwater,
Incorporated to prepare a Supplement On Water Use And Wellfield Service 40-Year Water Plan
(the “Plan”) for the Town, using the best available information and resources; and
WHEREAS, said Plan was presented to the Town Council in its regular meeting on October 10,
2017. Both public and Council members were invited to ask questions and make comments
during the presentation; and
WHEREAS, a thirty-day period was created for further consideration of the Council, and to
allow for additional public comment, which period has expired; and
WHEREAS, upon consideration of the Plan, the recommendations of the Town Manager and
public input, the Town Council finds that it is in the best interests of the Town and its inhabitants
to adopt the Plan in its present form and content as a reference tool and advisory guideline for
future actions regarding the acquisition, extraction, distribution and use of water for the benefit
of the Town and its inhabitants; and
WHEREAS, the Town Council finds that adopting said Plan is in the best interests of the Town
and its inhabitants, and is necessary for the health, safety and welfare of the Town;
NOW, THEREFORE, BE IT RESOLVED BY THE COUNCIL OF THE TOWN OF
SILVER CITY, GRANT COUNTY, NEW MEXICO THAT:
The 2017 Town of Silver City Supplement On Water Use And Wellfield Service 40-Year Water
Plan is hereby adopted.
PASSED, APPROVED AND ADOPTED this 12th day of December, 2017

(Seal)
/s/_________________________
Ken Ladner, Mayor
Attest:
/s/_________________________
Ann L. Mackie, Town Clerk

Resolution No. 2017-30
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SUMMARY
The Town of Silver City (Town) provides water to approximately 20,000 residents in
the Town and to the local water associations of Pinos Altos, Tyrone, Rosedale and the
Arenas Valley. Water for use by the Town of Silver City (Town) is supplied by Frank’s
wellfield (three wells in production), the Woodward wellfield (five wells in production) and
the Gabby Hayes replacement well. The groundwater resource that supplies the Town wells
is the Gila Group aquifer. The Town is interested in the reliability of source water for future
use and wellfield service life. An evaluation of wellfield service life based on the widelyapplied MODFLOW program is used to estimate future wellfield conditions. In the course
of water planning, the Town developed a hydrologic model to assist with understanding
changes to the hydrologic system associated with groundwater development (hereafter “the
Planning Model”). The Planning Model accounts for other water uses besides that of the
Town, including the Village of Santa Clara, the City of Bayard, and mining uses at Chino
Mines Company (Apache, Stark and Whitewater wells), Cron Ranch and Tyrone Mine.
Domestic and stock wells are also included in the model.
The Planning Model includes a well hydraulics package developed for MODFLOW
that accounts for wellfield production based on the lowest practical pumping water levels in
individual wells. For planning purposes, a general well water-column requirement of 120
feet in the Town wells allows for pump submergence under operating conditions. The well
hydraulic package accounts for individual well efficiency that relates feet of head loss in the
well to the rate at which it is pumped. The model specification for each well is based on the
specific capacity that was observed during a field-testing program in January of 2016.
Wellfield service life is expressed in terms of a schedule of producible water from existing
and planned well sites during a 40-year planned period of use.
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Town groundwater diversions have grown from about 500 acre feet per year in the
1950’s to an average of about 2,400 acre feet per year since year 2010. The Town of Silver
City is permitted with the New Mexico Office of the State Engineer (OSE) to divert up to
4,566.64 acre feet per year (AFY) from the wells that currently supply its municipal water
system. The Town has an additional OSE permit to divert up to 940.20 AFY from wells
planned near the Grant County Airport (airport area wellfield). We evaluated data on
trends of expansion to the Town of Silver City water system and developed, for planning
purposes, two growth schedules of water use (low and high) based on observed annual
growth rates (0.5 and 1.6 percent) in the number of connections to the Town of Silver City
water system. The scheduled growth is intended to account for the demand required to
supply all connections to the Town of Silver City water system while recognizing historical
trends that have been observed. Future water demand is uncertain. On the low growth
projection, the Town’s water demand does not exceed permitted water use in the next 40
years; on the high projection, the Town exceeds its permitted water use in 35 years.
Based on an evaluation with the Planning Model, we analyze the capacity of the
Town of Silver City wellfield to meet the high annual rate (1.6 percent) of growth in water
demand. The analysis indicates that as presently configured, the Town of Silver City wells
can supply the growth in demand.
The Planning Model simulates 18,200 acre feet per year of groundwater flowing
through the Gila Group aquifer in the study area. In the long term, the Town of Silver City
wells can divert a portion of the estimated 18,400 acre feet per year at the expense of
depleting flow that otherwise would flow into Mangas Spring, the Gila River and would
discharge to vegetation on the Mimbres River and to playas in the Mimbres Basin. That
condition represents an inevitable future equilibrium for the Town of Silver City wells in
which groundwater levels generally cease to decline. In the long term, the Town of Silver
City wellfield can sustain a yield of 4,100 AFY. The 4,100 AFY is distributed as 3,200 AFY
from the Frank’s, Wooodward and Gabby Hayes wells combined and 900 AFY from the
airport area wellfield. The Frank’s, Woodward and Gabby Hayes wells are simulated as
presently configured; the airport area wellfield assumes the two planned wells are drilled
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1,500 feet deep. Well deepening is anticipated to increase the sustainable yield; however,
testing of the aquifer depths exceeding 1,000 feet is recommended to develop a sustainable
yield analysis with well deepening.
Water routed through the Town’s distribution system is returned to the wastewater
treatment plant (WWTP) about four miles southeast of Town. Treated effluent from the
WWTP is used for irrigation of the Town’s municipal golf course, for irrigation of a local
ranch and the remainder is discharged into San Vicente Arroyo. The treated effluent
discharged into the arroyo infiltrates into the ground and recharges the Gila Group aquifer.
That recharge was approved by the OSE (November 26, 2014) for groundwater credit
allowing a diversion up to 747 AFY from the planned airport area wellfield.1 The approved
water use is a key component of plans to develop a regional water system through an effort
coordinated by the Grant County Water Commission (GCWC). The GCWC includes
representatives from the incorporated communities of the Town of Silver City, the City of
Bayard, the Village of Santa Clara, the Town of Hurley and Grant County. Development of
the regional system is planned in stages. The approach is to use the Town of Silver City
water rights for municipal purposes by first establishing a water system for use by the Town
of Hurley, then expanding that infrastructure to the City of Bayard, Village of Santa Clara
and then to the Town of Silver City systems. Overall, the regional water system is intended
to provide additional water for the communities of central Grant County and to support
commercial and residential development as may be needed.

1

The Town can divert up to 940.2 AFY from the airport area wellfield. Out of that quantity, 747 AFY is conditioned on
recharge to the regional aquifer from treated effluent released to San Vicente Arroyo.
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INTRODUCTION
The Town of Silver City (Town) provides water to approximately 20,000 residents in
the Town and to the local water associations of Pinos Altos, Tyrone, Rosedale and the
Arenas Valley (Figure 1). In 2006, the Town developed a supplemental document on water
use and wellfield service as part of its 40-Year Plan (BGW, 2006). The 2006 document
described an examination of the Town’s wellfield and history of water use, an assessment of
the capacity of the wellfield to meet projected water demand over 40 years, and in the longer
term, to address sustainability of well yield. This document updates that supplemental
document with new data to assess projected water demand and describes management
action since 2006 that the Town has taken to enhance its water supply.
Water for use by the Town of Silver City (Town) is supplied by Frank’s wellfield
(three wells in production), the Woodward wellfield (five wells in production) and the
Gabby Hayes replacement well (Figure 1).2 The wells are located about five miles
southwest of the Town in central Grant County, New Mexico. The groundwater resource
that supports the Town wells is the Gila Group aquifer. Water routed through the Town’s
distribution system is returned to the wastewater treatment plant (WWTP) about four miles
southeast of Town (Figure 1). Treated effluent from the WWTP is used for irrigation of the
Town’s municipal golf course, irrigation of a local ranch and discharged into San Vicente
Arroyo. The treated effluent discharged into the arroyo infiltrates into the ground and
recharges the Gila Group aquifer.
The New Mexico Office of the State Engineer (OSE) administers groundwater
diverted from the Town wells in two declared underground water basins: the Gila-San
Francisco Basin and the Mimbres Basin. The boundary between the two administrative
basins is generally coincident with the Continental Divide (Figure 1).

2

The Anderson Well is shown on Figure 1; however, it is currently inactive.
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Figure 1. Location of the Town of Silver City, local water associations, Village of Santa Clara, City of Bayard and the
Town of Hurley. Silver City currently diverts water from the Frank’s and Woodward wellfields and the
Gabby Hayes Replacement Well (Anderson Well is inactive).

OSE records indicate the Town is permitted to divert up to 4,566.64 acre feet per
year (AFY) from Frank’s Wellfield, the Woodward Wellfield, the Anderson Well and the
Gabby Hayes Replacement Well combined. In years 2010 through 2016, the Town diverted
an average of 2,400 AFY (combined) from those wells.
In addition to the water use permits described above, the Town has permit M-2846
for two production wells located in the area of the Grant County Airport (Figure 1), which
allows diversion of up to 940.2 AFY. Groundwater diversions under permit M-2846 are a
key component of plans by the Town, in cooperation with the Grant County Water
Commission, to develop a regional water system to enhance the reliability of the water
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supply for the communities of central Grant County. The report describes additional detail
regarding the Town’s wells, historical water use, recent changes in water-use permits, plans
for a regional water system and an assessment of the capacity of the Town wells to meet
projections of future water demand.

Purpose and Scope
The Town is interested in an assessment of source water for future use and wellfield
service life. On August 19, 2015, the Town authorized Balleau Groundwater, Inc. (BGW)
to evaluate the service life of the wells that supply its municipal water system for planning
purposes. The objectives of the analysis are: 1) to assess water levels and hydraulic
performance of the Town’s active wells, 2) to compile records on current levels of Town
water use and on the current level of the Town’s permitted use on file with the OSE, 3) to
develop a projection of future Town water demand for the next 40 years and 4) to evaluate
the Town’s wellfield service life based on an analysis that takes into account what is
currently understood about the regional aquifer system and water use. The analysis is
intended to combine information from databases available to BGW with data and analyses
from previous studies on the Gila Group aquifer so that an interpretation of wellfield service
life can be made. The report is designed to be an addendum to the Town’s 40-Year Plan
(the 40-Year Plan) (Engineers, Inc. and Geohydrology Associates, 1993) with regard to
projected water use and wellfield service life.

Previous Work
Others have studied service life of the Town wells. Koopman and others (1969)
evaluated Town well water columns and water use at that time and estimated that selected
well water columns in Town wells would reach half of their initial water column within a
range of time from years 1970 to 2000. They identified alternatives to extend wellfield
service life by limiting production and expanding wellfields. Projected levels of water use
were based on demand projections and analytical methods for calculating rates of waterlevel drawdown (Theis, 1935).
6
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Trauger and others (1980) used methods similar to Koopman and others (1969) to
revise earlier estimates and conclusions as a result of new findings associated with
additional records of wellfield use and observations. They used a generalized computer
model to make 40-year projections of drawdown in Town wells and to indicate that
development of new wells and wellfields would extend the useful life of existing wells.
At the request of the New Mexico Interstate Stream Commission, the OSE (Johnson
and others, 2002) evaluated the hydrologic effects of continued groundwater pumping to
meet estimated future water demands for users of the Town of Silver City water system and
the Towns of Central and Bayard. The evaluation of groundwater supplies is based on the
OSE model of the Town of Silver City area. Future water demand for the Town is based on
population projections and is estimated to be about 4,800 AFY by year 2045 (Wilson, 2001).
Remaining water columns for individual wells operated by the Town are reported for model
scenarios in which Town wells supply future demand for the Town, for Central and Bayard
and for Grant County commercial and industrial uses. The report does not specifically
address individual well lifetime, but reports on the remaining well water columns for
planning purposes in a regional assessment.
The Town developed a supplemental document to its 40-year plan addressing water
use and wellfield service life (BGW, 2006). The study develops a future water use schedule
intended to account for the demand required to supply growth of all Town water
connections. The analysis of wellfield service life is based on the two-dimensional model of
the Gila Group aquifer developed by the OSE (Johnson, 2002). The study concludes that,
in the long term, the Town wellfield can sustain a yield of 4,200 AFY. The study also
quantifies a limitation on yield at the Gabby Hayes well related to its pump setting 3 and
concludes, that with regard to general wellfield interference, a replacement well is preferable

3

In 2006, the Gabby Hays Well had a few hundred feet of water column, but an offset (damage) in the casing prevented
lowering the pump to accommodate the regional decline in the static water level. In 2011, the Town moved forward with
drilling a replacement well within 100 feet of the original well. The replacement Gabby Hayes well was completed in the
spring of 2012 with a new casing and water column that accommodates lowering the pump as may be needed. That is,
the replacement well addressed the issue of yield inhibited by lowering the pump below the offset in the casing.
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to a new Continental well that was one option under consideration (in the area of the
Continental Divide).
In the analysis herein, we build on the previous works described above and update
information on Town well water levels and performance, update records of historical water
use, describe recent changes in the Town’s water use permits and describe the Town’s
support for a regional water system. We also analyze the Town’s wellfield service life over
the next 40 years and in the longer term to address sustainability of well yield. The analysis
is updated with a three-dimensional hydrologic planning model developed by the Town for
to assess hydrologic effects from management action related to water use.

HYDROLOGIC PLANNING MODEL
In the course of water-use planning, the Town developed a hydrologic model (BGW,
2012) to assist with understanding changes to the hydrologic system associated with
groundwater development (hereafter “the Planning Model”). The Planning Model provides
a mathematical simulation method for examining the sources of water that have supported
historical groundwater development regionally and for calculating the projected effects of
proposed future water-management actions in the area of the Town. The Planning Model is
based on the U.S. Geological Survey (USGS) MODFLOW 2005 program (Harbaugh,
2005). The calibration is based on measured surface water flow in the area of Mangas
Spring, independent estimates of groundwater flow into the Mimbres Basin, and water
levels and the historical trends of water-level change observed at the Town wellfields. The
Planning Model provides a tool suitable for assessing hydrologic effects on selected water
features from historical and projected changes in water use, such as examining hydrologic
effects from scenarios of water-use growth for planning purposes.
For the technical assessment of wellfield service life described herein, we use an
adapted version of the BGW (2012) model that refines the representation of bedrock
springflows that recharge the Gila Group aquifer east of the Town and generally north of
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the Village of Santa Clara. The adaptation results in minor changes to the regional aquifer
flow budget, but does not appreciably affect the assessment of wellfield service life.
The Planning Model is based on the drawdown-limited, Multi-node Well (MNW)
package for the USGS groundwater flow model MODFLOW (Halford and Hanson, 2002).
The MNW package allows users to simulate wells that are production-limited based on
lowest practical pumping water levels in individual wells. The user specifies a desired
pumping rate and an amount of drawdown to the well water column that maintains
acceptable pump submergence. The well hydraulics component accounts for individual
well specific capacity based on a field testing program in January of 2016. The model then
calculates the declining yield that occurs to individual wells when pumping water levels
reach the lowest levels necessary for operation. Wellfield service life is expressed in terms of
a schedule of producible water from existing and alternative well sites during a 40-year
planned period of use and during a long-term analysis of well yield sustainability. Figure 2
illustrates the terms treated in the Planning Model.

Figure 2. Planning factors for well service life.
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SETTING
The regional geohydrology in the area of the Town is adapted from the report
describing the Planning Model (BGW, 2012) and presented herein for convenient reference.
Additional detail can be reviewed in BGW (2012).

Geohydrology
Geology in the area of interest has been reported in previous studies (Paige, 1916;
Koopman and others, 1969; Trauger, 1972; Hanson and others, 1994 and Hawley and
others, 2000). A geology map of the area is shown on Figure 3 (adapted from Hawley and
others, 2000). The area of interest is dominated by a northwest-trending structural feature
described as the Mangas Trench (Trauger 1972, p. 22) and also known as the Mangas and
San Vicente Subbasins (Hawley and others, 2000). The eastern boundary of the trench is
marked by a fault trend along the Silver City Range. The western edge is bounded by the
Precambrian uplift of the Burro Mountains. The principal aquifer that supplies the Town
water system is the late Tertiary to early Quaternary Upper Gila Group (Woodward
wellfield area) and the late Tertiary Middle Gila Group (Frank’s wellfield area) (Hawley
and others, 2000, Plate 1).
The continental divide runs through the study area and is the topographic divide
between the Frank’s and Woodward wellfields. Southeast of the continental divide is the
Mimbres Basin. In the study area, the principal drainage in the Mimbres Basin is San
Vicente Arroyo, which is ephemeral throughout most of its length (Hanson and others,
1994). Groundwater in this area generally flows southeast along the axis of San Vicente
arroyo until it discharges to vegetated portions of the Mimbres River and to playas in the
Mimbres Basin outside of the study area.
Northwest of the continental divide is the Gila Basin. The principal drainage of the
study area is Mangas Creek, which becomes perennial at Mangas Spring about 12 miles
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Figure 3. Geology in the area of the Town of Silver City.
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from the continental divide. Mangas Spring is produced from the intersection of the water
table with the land surface, where groundwater is generally flowing northwest within the
Mangas Trench toward the Gila River.

Aquifer Flow Budget
In general, regional water levels vary with aquifer recharge or discharge that may
occur from natural processes or from managed water use and by diversion of groundwater
from wells. Groundwater diversions remove some of the water stored in the aquifer. The
water removed from the aquifer causes water levels to drawdown in the area of the active
wells. As well pumping progresses over time, the drawdown expands radially from each of
the active wells. Over the long term, the sustainable quantity of water available for use is
related to capture of groundwater that otherwise would flow through the aquifer and
discharge to the Mimbres Basin to the southeast and the Gila Basin to the northwest. That
captured amount is in addition to the stored water in the aquifer and is related to the extent
over which the drawdown from pumping expands.
As shown on Figure 4, the Planning Model simulates recharge to the regional aquifer
system totaling 18,200 AFY (with 4,600 AFY derived as underflow from the area north of
the model domain and 13,600 AFY as direct recharge). That quantity is balanced by
9,100 AFY that flows toward the Mimbres Basin to the southeast, 2,300 AFY that flows (as
baseflow) to the Gila River, 4,400 AFY of baseflow gain to Mangas Creek and 2,400 AFY
of groundwater discharge to ET. In the long term, the Town wells can divert a portion of
the estimated 18,200 AFY at the expense of reducing baseflow to Mangas Spring, the Gila
River and flow to the Mimbres Basin. That condition represents an inevitable future
equilibrium for the Town wells in which groundwater levels regionally cease to decline.
The question at hand is the schedule and rate at which a portion of the estimated
18,200 AFY can be captured by the Town wells and managed with the volume of aquifer
storage to meet future demand. As will be illustrated later in this report, the Planning
Model provides a means to evaluate that schedule and rate of depletion of each source.
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Figure 4. Planning Model aquifer flow budget.

EXISTING WELLFIELD FACILITY
In the summer (June) of 2002 and the winter (January) of 2016, BGW conducted
field surveys of the wells operated by the Town. A map of well locations indicating active
and inactive wells is shown on Figure 5. Yield and drawdown in wells with existing pumps
were measured to quantify individual well specific capacities. For some of the wells, we
monitored water level recovery after well pumping was shut down so that aquifer
transmissivity for individual well completions could be estimated. A summary of
information regarding the Town wells and findings during the field survey of 2002 and 2016
are shown on Table 1. Frank’s wells 1 through 4 are shallow in comparison to the other
wells (less than 600 feet deep). Woodward Well 1 needs treatment for iron bacteria and the
Anderson Well produces a mix of water and sediment; although both the wells are currently
13
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not in production, we simulated their use in future projections of wellfield service life for
planning purposes. We assume that the wells will be rehabilitated or replaced in the future.

Figure 5. Location of wells operated by Town of Silver City.

Plates 1 and 2 schematically show individual well water columns remaining in each
of the Town wells relative to elevation and water levels at the time that each well was
completed. Evident on the figures is the drawdown that has been observed between the
time that each well was completed and the BGW field survey of 2016. Regional water-level
drawdown in the aquifer reduces individual well water columns. Well deepening increases
individual well water columns. An assessment of wellfield service life involves
consideration of the useable water column of individual wells and means that an amount of
water column (length) should be reserved unused in the bottom of existing wells for pump
submergence and operation. As previously described, the Planning Model analysis is
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designed to work with a well hydraulics component that accounts for this reserved thickness
by imposing a pumping drawdown limit on individual wells. The analysis calculates the
declining yield of individual wells that occurs when pumping water levels reach the lowest
levels reserved for operation. Plates 1 and 2 indicate the minimum water column (reserve)
we chose at the bottom of each well operated by the Town for setting a pump with adequate
submergence.4 We use that estimated reserve as a basis to project Town wellfield service life
later in this report.
The specific capacity of a well is the ratio of the yield to the associated change in
water level when the pump is turned on (i.e. the water level changes from a static depth to
water to a pumping water level). Specific capacity is a measure of the hydraulic
performance of the well. As the change between static and pumping water levels increases
(for a constant pumping rate), the specific capacity (performance) decreases. Measuring the
specific capacity of an individual well in an active wellfield can be difficult as local water
levels are drawing down and recovering from pumps cycling on and off; however, the
summary of specific capacity for individual wells (Table 1) provides a means to assess
whether well performance has changed in the 14-year period between wellfield surveys. In
general, the specific capacity of the Frank’s and Woodward wells is in the range of a few, in
some cases over ten, gallons per minute (gpm) per foot of drawdown. Two notable changes
are in Frank’s Well 6 and Woodward Well 4, which showed decreases from 22.7 to 4.3
gpm/ft and 10.3 to 2.4 gpm/ft respectively. The decreases in specific capacity may be an
indication of partial screen clogging or sediment back fill that has reduced the screen open
area of the water column. We recommend observing the performance of the two wells on a
consistent basis to confirm whether a trend of performance degradation is apparent. A
definitive trend of performance degradation (i.e. a pattern apparent based on more than two
measurements over time) will provide insight to planning potential replacement wells if
necessary.

4

We used a general reserve of 120 feet (except on Woodward Well 5) at the bottom of each well to account for setting a
pump above any sediment backfill that may have occurred in any of the wells during the past service period. Downhole
camera surveys are available at wells Frank’s 7A (1994) and Woodward 2 (1997), 5 (2001) and 6 (2001). Frank’s 7A had
36 feet of sediment at the casing bottom; Woodward 2, 5 and 6 had 15, 254 and 77 feet of sediment.

15

BALLEAU GROUNDWATER, INC.

SUPPLEMENT ON WATER USE AND WELLFIELD SERVICE
40-YEAR WATER PLAN - TOWN OF SILVER CITY, NEW MEXICO, DECEMBER 2017

HISTORY OF WATER USE
Records on Town water use have been compiled by the Town and by the OSE.
Groundwater development by the Town began in 1945 with the completion of Frank’s
Wells 1, 2 and 3. The OSE has compiled records on Town water use based on a report by
Geohydrology Associates, Inc. (1981) from years 1945 to 1970 and from OSE meter records
supplied by the Town since that time. The schedule of historical Town groundwater
diversions is shown on Figure 6; the graphic is a stacked area chart illustrating the total
annual diversion and the contribution from the Frank’s and Woodward wellfields, and the
Anderson and Gabby Hayes wells. In the late 2000s, diversions from the Gabby Hays well
decreased somewhat from the inability to lower the pump below the offset (damage) in the
casing. Since the Gabby Hayes replacement well came online in 2012, diversions have been
more in line with historical use of the original Gabby Hayes Well. Town groundwater
diversions have grown from about 500 AFY in the 1950’s to as much as an average of about
2,800 AFY around year 2000. Since year 2011, the Town groundwater diversions have
decreased from about 2,700 to 2,100 AFY. In years 2010 through 2016, the Town diverted
an average of 2,400 AFY.

Figure 6. Historical Town groundwater diversions.
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The Town has a wastewater treatment plant (WWTP) that discharges water to San
Vicente arroyo in the Mimbres Basin (Figure 1). As shown on Figure 7, a portion of the
WWTP discharge is used for irrigation of fields at a local ranch (Glenn Ranch) and at the

Figure 7. Treated effluent from the Town WWTP is used for irrigation at Scott Park and a local ranch. The remaining
effluent is discharged to San Vicente Arroyo.
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Town golf course (Scott Park). Discharge to San Vicente Arroyo has been estimated by
others (Trauger, 1972; Engineers, Inc. and Geohydrology Associates, 1993) and metered by
the Town. A breakdown of the return flow component of Town water use is shown on
Figure 8. The Town has meter records of treated effluent dating back to about 1980;
however, the records are in electronic form beginning in 2005. Accordingly, Figure 6 shows
a breakdown of effluent that is routed to Scott Park, the Glenn Ranch and to San Vicente
Arroyo. From 2005 through 2016, metered discharge to San Vicente arroyo ranged from
847 to 473 AFY and averaged 636 AFY. We estimate that one percent of discharge to the
arroyo is consumed by evapotranspiration; the remaining portion provides recharge to
groundwater in the Mimbres Basin (BGW, 2010).

Figure 8. Town of Silver City groundwater diversion and return flow.

PERMITTED WATER USE
The Town’s permitted municipal water use from existing wells is composed of one
file in the OSE-declared Gila-San Francisco Basin (GSF-1014) and three files in the
Mimbres Basin (M-2735, M-2903 and M-2675). A summary of the files is tabulated below.
18

BALLEAU GROUNDWATER, INC.

SUPPLEMENT ON WATER USE AND WELLFIELD SERVICE
40-YEAR WATER PLAN - TOWN OF SILVER CITY, NEW MEXICO, DECEMBER 2017

OSE records on file for the Town indicate a permit to divert up to a total of
4,566.64 AFY for municipal use from existing wells. The Town has an additional permit
(M-2846) that allows two points of diversion (wells) at the airport area (Figure 1). Permit
M-2846 has two components. On December 7, 1982, the Town received approval from the
OSE to divert up to 193.2 AFY from two wells for municipal purposes. On November 26,
2014, the Town received approval from the OSE for groundwater credit allowing an
additional diversion up to 747 AFY (linear growth from zero up to 747 AFY over a 40-year
period). The 747 AFY diversion (based on groundwater credit) is conditioned on recharge
to the regional aquifer from treated effluent released to San Vicente Arroyo. Groundwater
diversions under permit M-2846 are a key component of plans to develop a regional water
system to enhance the water supply for the communities in central Grant County.5
OSE File No. Point(s) of diversion

Permitted
Diversion
(AFY)

Existing System
GSF-1014
Frank's Wellfield
M-2735
Woodward Wellfield
M-2903
Gabby Hays Replacement
M-2675
Anderson Well
Sub-total

1,120.14
1,572.80
1,433.00
440.70
4,566.64

Planned System
M-2846
Airport Area Wellfield (AAW)
M-2846
AAW - Groundwater Credit
Sub-total

193.20
747.00
940.20

Total Permitted Diversion

5,506.84

Well drilling is active at the airport area wellfield. In cooperation with the Town of
Silver City, the Town of Hurley has drilled two test wells at the site of M-2846 to test the
local aquifer and facilitate plans for drilling two production wells. The first production well,
under permit M-2846, is scheduled to be drilled in 2018. The two test wells will remain at
5

The Town has additional water rights that are not associated with the existing water supply wells (Gabby Hayes,
Anderson, Frank's Wellfield or Woodward Wellfield). The three water rights are at wells known as Waterworks (18.1
AFY), Silvears (6.9 AFY) and Billings (57.1 AFY). The Town periodically leases some of these water rights and may
explore the possibility of transfer(s) to the municipal wells if they turn out not to be needed at the existing sites.
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the site indefinitely to monitor aquifer water levels as groundwater is produced from the two
production wells.

REGIONAL WATER SYSTEM DEVELOPMENT
Plans are underway for development of a regional water system through an effort
coordinated by the Grant County Water Commission (GCWC). The GCWC includes
representatives from the incorporated communities of the Town of Silver City, the City of
Bayard, the Village of Santa Clara, the Town of Hurley and Grant County. Development of
the regional system is planned in stages. The approach is to use the Town of Silver City
water rights (M-2846) for municipal purposes by first establishing a water system for use by
the Town of Hurley, then expanding that infrastructure to the City of Bayard, Village of
Santa Clara and then to the Town of Silver City systems (Engineers Inc., 2014, p. 1).

Figure 9. Place of use for water diverted under M-2846 based on groundwater credit (up to 747 AFY).
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The City of Bayard and the Village of Santa Clara have their own water systems and
water rights. The regional water system is intended to provide an optional supply of
supplemental source water in the event that either Bayard or Santa Clara may need it under
conditions of drought or other unforeseen factors that may limit the ability to meet full
demand. The Town of Hurley does not own water rights. Hurley obtains its water supply
from Freeport McMoRan Inc. (FMI). On March 16, 2009, Hurley entered into a Water
Supply Agreement with FMI to receive up to 350 AFY. The term of the agreement is
through 2018, unless terminated earlier or extended through a written agreement by both
parties (Engineers Inc., 2009). The regional system would provide a permanent water
supply for the Town of Hurley, as an alternative to the source of water supplied under
agreement with FMI.
OSE approval of groundwater credit under File No. M-2846 resulted in designating a
specific place of use for the diverted groundwater (up to 747 AFY). The place of use (POU)
is shown on Figure 9. The POU includes areas along Highways 152 and 356, indicating the
water can be used in the areas of Vanadium and Hanover if needed. Overall, the regional
water system is intended to improve reliability of the water supply for the communities of
central Grant County and to support commercial and residential development as may be
needed.

PROJECTED DEMAND
We developed a 40-year projection of Town water demand after considering and
evaluating recent studies on projections of population growth used 1) in the Southwest New
Mexico Regional Water Plan (SRWP) (NMISC, 2017) and 2) after evaluation of data on
trends of expansion to the Town water system by means of increased water taps. Our
evaluation is described below.
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The projection of water use in the SRWP is based on population.6 The SRWP
estimates future water use by projecting the population of Grant County under high and low
growth scenarios. The tabulation below is adapted from Table 6-3 of the SRWP.

Grant County

Projection
High
Low

Growth Rate (%)
2010-2020 2020-2030 2030-2040 2040-2050 2050-2060
1.22
0.96
0.86
0.84
0.82
-0.02
-0.05
-0.07
-0.08
-0.09

Use of a population growth rate for Grant County is a sound approach to estimate
projected water use; however, it is a broad approach toward estimating projected water use
locally for the Town. For planning purposes, we assessed information on Town water
system connections (taps) to develop projections of water use. Demand for the Town water
system is not only dependent on population trends, but also on local changes to the service
area reflected by an increasing number of water connections as the service area expands. As
long as the Town continues to expand its service area with an increasing number of
connections, then the demand required to supply all the connections will grow.
Development of a projected schedule based on growth trends of water connections
inherently accounts for population changes because new water system connections reflect
new areas requesting water service.
We inspected data maintained by the Town on the number of water taps per year
that are added to the Town water supply system. The data include a breakdown of in-town
and out-of-town connections as shown on Figure 10. We analyzed growth trends for the
number of water connections and found that since 1993, the growth of water taps can be
characterized by a rate of 1.6 percent per year. In about the last decade, however, the
growth rate has been less, near 0.5 percent per year. We categorized these rates as high and
low as shown on Figure 11 (high is the blue solid line, low is the green solid line). The
projected growth begins in year 2017 at the rate of 2,500 AFY, which is the average Town
diversion over the last 10 years.

6

In cases where the anticipated population increases, the SRWP approach for projecting water use for public supply is to
multiply the growth rate by an estimate of per capita use. In cases where a decrease in population is anticipated, the
SRWP approach is to maintain water use constant at currently estimated levels.
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Figure 10. Number of in-Town and out-of-Town taps added to water system.

Figure 11. Projected growth of Town water system demand.
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Figure 11 also shows dashed blue and green lines. The dashed lines represent growth
of water use for the regional water system that the GCWC is developing in cooperation with
the Town. The dashed lines represent the same high and low growth rates of 1.6 and 0.5
percent per year; however, the growth is applied at the airport area wellfield under OSE
permit M-2846.
Finally, Figure 11 shows red lines representing the Town’s water right permits. The
original permits (totaling 4,566.64 AFY) are shown along with the permit under M-2846,
which includes 193.2 AFY with linear growth of an additional 747 AFY over 40 years.
Although the past growth trends are not a certain indicator of future conditions, the
scheduled growth is intended to account for the demand required to supply all connections
to the Town water system while recognizing trends that have been historically observed.
The trends on Figure 11 indicate that on the low growth projection, the Town’s water
demand does not exceed permitted water use in the next 40 years; on the high projection,
the Town exceeds its permitted water use within 40 years (38 years at the permit level of
4,566 AFY and 35 years at the permit level of 5,506.84 AFY).
The Town’s current OSE permits for municipal water use exceed current levels of
demand. In order to meet future demand requirements, the Town’s permitted diversion
must grow in increments ahead of future demand. The timeline associated with acquisition
of water rights in New Mexico is a factor that must be considered with any water-rights
acquisition program because it is typically a multi-year process with an uncertain outcome
associated with decisions on applied-for transfers. For planning purposes, it is reasonable to
remain cognizant of the Town’s growth of water use relative to its existing permits. If future
water use grows on a trend indicative of surpassing permitted use, then the Town should
begin seeking water rights to transfer into the Town water system. A reassessment of water
use over the next five to ten years will provide insight to the decision. New Mexico Statutes
allow a period up to 40 years for development and use of water resources by municipalities,
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so the earliest time to begin a water-rights acquisition program is within 40 years of the time
that the Town’s demand may exceed permitted use.

ANALYSIS SCENARIOS
The model scenarios are designed to examine yield from the Town wells while
considering regional water use in conjunction with the Town wells. We evaluate the
capacity of the existing Town wellfield to meet the high annual growth rate (1.6 percent)
intended to account for the demand required to supply all connections to the Town water
system. Finally, we assess the long-term yield of the Town wells.

Specification of Other Water Use
The Planning Model accounts for other major water uses besides the Town,
including the Village of Santa Clara, the City of Bayard, and mining uses at Chino Mines
Company (Apache, Stark and Whitewater wells), Cron Ranch and Tyrone Mine
(Kennecott, Warm Springs, M-2680, M-4978, M-4979, M-4980, M-2575, M-2576, GSF1281, GSF1607 and GSF-85). Information on water use was derived from OSE records and
from an unpublished consultant report by Hargis & Montgomery (1983), and compiled by
the OSE (Johnson, 2000). Some pumping, during years without reported data, was
estimated based on years when data was reported; details are included in Johnson (2002).
Water use by others as simulated in the model is shown on Figure 12; the graphic is
a stacked area chart illustrating other water users besides the Town of Silver City. Figure 12
shows that in the 1990s, groundwater diversions by others exceeded 10,000 AFY with most
of the use attributed to mining. Water use is shown for two time periods, historical and
future. During the historical period, water use is based on OSE records and information
compiled by Johnson (2002). During the future projection, we simulate full exercise of
water rights of each entity as depicted on Figure 12. That is, for the analysis of projected
water use by the Town, we assume other water users are diverting the full quantity of their
permitted use. We expect full exercise of water rights represents an overstatement of
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regional water use; however, for planning purposes, it provides a method to evaluate well
yield from the Town wells in a setting that generally avoids understating future water use in
the Mangas Trench region.
Future Projection

Historical Period

Figure 12. Water use other than by Town of Silver City.

Town of Silver City Wellfield Facility Yield and Other Water Use
The Planning Model provides a method to evaluate yield from the Town wells in the
setting with water use other than by the Town (described above) in a future 40-year
projection of water use. In the analysis, we simulate the high projected growth of Town
water system demand shown on Figure 11 and the Planning Model calculates whether the
Town wells can produce the water. The growth of water use is represented at the wells
operated by the Town (Frank’s wellfield, Woodward wellfield, Anderson Well and the
Gabby Hayes well (replacement)) and at the wells planned at the airport area wellfield.
Figure 13 illustrates the 40-year projected yield and indicates the wells are capable of
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producing the high growth rate of water demand 1.6 percent per year, except for the
Anderson Well, which has a simulated decline in yield of about 100 AFY. This indicates
that in the projective scenario, the yield of the Anderson well is limited by the well depth.
The Gila Group aquifer is known to thin out in the area of the Little Burro Mountains
where the Anderson Well is completed. This observation suggests that if the Anderson Well
were to be redrilled (replaced), then the current location of the well may not be the optimal
site for the replacement well. Other options to consider would be to relocate the well to an
area where the aquifer is thicker or alternatively, the water rights could be transferred to
other Mimbres Basin wells operated by the Town.

Future Projection

Historical Period

Decline at
Anderson

Figure 13. Projected yield of Town wells supplying the high growth rate of water demand (1.6 percent per year).

In the 40-year analysis of Town well yield, we have confirmed that the yield
reduction at the Anderson Well (~100 AFY), can be readily produced at either the
Woodward wellfield or the Gabby Hayes replacement well (i.e. the Town wells are capable
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of producing the high annual growth rate of demand (1.6 percent) even if the Anderson
Well experiences a decline in yield. Accordingly, it follows that the wells can produce water
to meet the low growth rate (0.5 percent per year) of water demand.

Figure 14. Regional year 2016 water-level elevations (feet) in Gila Group aquifer (Planning Model estimate).

In addition to evaluating well yield, we estimate aquifer water levels in year 2016
and estimate the change to those water levels from the projected water use over 40 years
(Town growth at 1.6 percent per year and water use by others at full water rights).
Figure 14 shows an estimate of year 2016 aquifer water levels. Figure 15 shows the 40-year
water-level change to the 2016 water levels from projected water use.
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Figure 15. 40-year change to water levels from projected water use (contours reflect lowering of water levels (feet)).

Evident in the drawdown pattern (Figure 15) is the influence of the Silver City Range
and the Little Burro mountains, which store less water than the Gila Group aquifer. These
mountains have the effect of causing aquifer drawdown around the Town wellfield to be
greater due to the barrier boundary to the cone of influence.

Long-Term Wellfield Yield
As previously described, the Planning Model simulates about 18,200 AFY of
groundwater flowing through the Mangas and Mimbres subbasin regions of the Gila Group
aquifer. A portion of that estimated quantity is available for long-term sustainable use by
the Town with its wellfield as presently configured in location and depth. Other uses in the
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area would develop another portion of the estimated 18,200 AFY also at a sustainable rate.
The Planning Model provides a method to estimate the long-term yield of the Town
wellfields. We also show the model-derived sustainable use for others besides the Town.
Long-term analyses such as this exceed the horizon of a future 40-year planning period; it
actually takes hundreds of years for wells situated as those operated by the Town to reach
their sustainable yield. The analysis addresses the question of sustainable water availability
for a particular configuration of wells in the study area. However long it takes, wells
operated in the study area will inevitably capture groundwater that otherwise would flow to
discharge regions of the study area, namely Mangas Spring, the Gila River, and alluvial flats
and playas in the Mimbres Basin. When a well reaches its sustainable yield, the water level
in it generally ceases to decline because it is no longer drawing on water stored in the
aquifer. It is instead supplied by capturing the groundwater that otherwise would discharge
from groundwater at other areas.

9,600 AFY

4,100 AFY

Figure 16. Sustainability of groundwater development for Town of Silver City wells.

The long-term wellfield yield analysis is similar to the 40-year analysis in that it
represents growth of the Town water use at the high rate of 1.6 percent per year and it
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represents water use by others at full water rights; however, the simulation runs for a much
longer period than 40 years. As simulation time progresses in the analysis, the yield at the
wells declines owed to the planning factors depicted on Figure 2. The end result is an
analysis that quantifies the long-term sustainable yield of the Town wells and of other water
users as shown on Figure 16.
In the projection scenario, the Planning Model solves for a declining rate of yield
that approaches the long-term sustainable yield for wells as located in the study area. The
long-term sustainable yield for the Town wells is estimated at 4,100 AFY7; for others, it is
9,600 AFY. Together the Town and other users show a sustainable yield of 13,700 AFY.
This results in reducing flow in Mangas Spring and the Gila River by 1,100 AFY and 100
AFY. Flow in the Mimbres Basin is reduced 8,800 AFY by wellfield use in the Mangas
Trench. The flow budget induced by the long-term sustainability analysis is shown on
Figure 17. The changes are apparent by comparing Figure 17 to Figure 4, which represents
the flow budget prior to groundwater development. The naturally occurring average annual
recharge is the same on Figures 4 and 17 (18,200 AFY); however, the groundwater flow
discharging from the aquifer is less due to the new lower water-level elevations (net
drawdown) caused by regional groundwater development. It follows that, if the Town were
to deepen the wells it currently operates, then the long-term sustainable yield would
increase; however, testing of the deep aquifer zone should be done to inspect whether well
yield decreases at depths exceeding 1,000 feet (at both the existing well sites and the planned
airport area site). Information from that testing could be incorporated into the model to
develop a long-term sustainability analysis with well deepening.
The long-term scenario addresses the sustainability of the Town wells and, in a
general sense, the water use of other users in the study area. The scenario does not address
priority of water rights with respect to hydrologic impacts caused either by the Town to

7

The 4,100 AFY is distributed as 3,200 AFY from the Frank’s, Wooodward and Gabby Hayes wells combined and 900
AFY from the airport area wellfield. The Frank’s, Woodward and Gabby Hayes wells are simulated as presently
configured; the airport area wellfield assumes the two planned wells are drilled 1,500 feet deep.
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Figure 17. Planning Model aquifer flow budget at end of long-term sustainability simulation.

other water users or by other water users to the Town. The depletion to Mangas Spring and
the Gila River and the reduced evapotranspiration to the Mimbres Basin described in the
paragraph above is caused by all uses (The Town of Silver City, the Village of Santa Clara,
the City of Bayard, the mines, domestic and stock wells) included in the Planning Model.

MODEL PERFORMANCE
The Planning Model provides a mathematical representation of the hydrogeologic
system of the study area. Comments on general factors that address model performance are
briefly discussed below. Additional detail is described in BGW (2012).
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•

The Planning Model simulates a groundwater flow budget that is compatible with
previous studies and observations in the Mangas and Mimbres subbasins. The
model simulates 8,800 AFY flowing into the Mimbres subbasin; previous studies
estimate 10,800 AFY and 10,000 AFY (Trauger, 1972, p. 64; Hawley and others,
2000, p. 39). Observed flow as Mangas Spring has been 1,160 AFY (Trauger, 1972,
p. 49); The Planning Model simulates 4,400 AFY of discharge to Mangas Creek (the
spring plus the downstream segments of the creek).

•

The Planning Model provides a means to evaluate the aquifer water-level trends in
the Mangas and Mimbres subbasins. The historical water-level trends simulated by
the model at the Town well sites reasonably fit observed trends of decline.

•

The Planning Model provides an acceptable match of previously studied and
observed quantities of regional groundwater flow. The model also matches observed
changes in water-levels at the Town wellfield over the last 60 years while taking into
account metered and estimated levels of use for the Town and for other users. The
model is not a perfect representation of the actual hydrogeologic system; however, it
provides a reasonable representation of the system and it is a tool suitable to assess
wellfield service life for planning purposes.

•

Unforeseen changes in future uses in the study area could reduce or increase the
estimated service life of the Town wellfield as presently configured. Some of the
wells are 50 to 60 years old. Well rehabilitation or replacement may be necessary to
restore the yield of deteriorating wells.

•

If the Town proceeds with plans for well replacement and/or deepening, we
recommend an associated program of exploratory drilling and aquifer testing to
confirm, validate and, if necessary, adapt the Planning Model to account for new
findings that may affect the estimates of resource lifetime.
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WATER-USE MANAGEMENT ACTION SINCE 2006
The Town of Silver City is active in water-use management intended to enhance its
water supply. A few key factors are described below.
The Town’s year 2006 wellfield service life document (BGW, 2006), identified two
water planning factors with regard to the Gabby Hayes well: 1) a limitation in projected
wellfield yield that was attributed to an offset (damage) in the Gabby Hayes well casing
which prevented lowering the pump and 2) with regard to interference, a replacement well
for Gabby Hayes was preferable to a new Continental Well that was under consideration.
The Town simultaneously addressed both factors by drilling a replacement for the Gabby
Hayes well. The replacement well is the best performing well operated by the Town with a
specific capacity of 34 gpm/ft after pumping for 24 hours (Table 1).
The Town acquired water rights (up to 747 AFY) for use at the airport area wellfield
under OSE Permit No. M-2846. The water rights provide a foundational administrative
component of the planned regional water system. The Town applied for the water rights
with an innovative approach of aquifer reuse associated with groundwater credit. The
Town had OSE permits that allowed for full consumptive use of the treated effluent that was
discharged to San Vicente Arroyo; however, once the effluent was discharged, the Town
was no longer permitted to use that water. The effluent would infiltrate into the arroyo bed,
providing about 750 AFY of recharge (credit) to the regional aquifer. On April 5, 2013, the
Town applied to divert up to 750 AFY of groundwater based on the recharge credit. On
November 26, 2014, the OSE approved the permit for 747 AFY. The approved diversion
resulted in no increase to the consumptive use originally permitted by the Town. During
review of applications for water use, the OSE considers whether granting the application
would be contrary to the conservation of water within the state. OSE approval of 747 out of
the 750 AFY applied for is a testament to the good water conservation approach that the
Town demonstrated in the application for groundwater credit.
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The Town updated its Water Conservation Plan (DBS&A, 2013). The plan
describes a number of goals involving reduction of water and energy use, improved water
system efficiency, integration of stormwater management, public education about water
conservation and strengthening of ordinances and policies related to water conservation.
The approach is structured on a revenue-neutral program that can be financed by the Town.

CONCLUSIONS
1. Future water demand for the Town of Silver City is uncertain, but for planning
purposes, high and low growth rates (1.6 and 0.5 percent per year) account for the
demand required to supply all connections to the Town water system, while
recognizing trends of service area expansion and population change that have been
observed in the past.
2. The Town of Silver City wellfield is capable of producing water to supply both the
high (1.6 percent) and the low (0.5 percent) annual growth rates for the next 40 years.
3. Historical Town of Silver City groundwater diversions were greatest in the 1990s and
early 2000s averaging near 2,800 AFY. Since 2011, groundwater diversions
decreased from 2,700 to 2,100 AFY in 2015. In 2016, the annual diversion increased
to 2,200 acre feet. If Town water use increases at the rate of 1.6 percent per year
over the next 40 years, then actual use will exceed permitted use within 40 years.
4. There is an estimated 18,200 acre feet per year of groundwater flowing through the
Mangas and Mimbres subbasins of the study area. In the long term, the Town of
Silver City wellfield can sustain a yield of 4,100 acre feet per year (AFY). The 4,100
AFY is distributed as 3,200 AFY at the Frank’s, Woodward and Gabby Hayes wells
(as presently configured) and 900 AFY at the airport area wellfield (two planned
wells assumed 1,500 AFY deep).
5. The Town has been active in water-use management intended to enhance its water
supply. Management action has involved drilling a replacement well for the Gabby
Hayes well to recover lost well yield, updating its Water Conservation Plan and
acquisition of water rights at the airport area wellfield to provide a foundational
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component to a regional water system for which plans are underway. The regional
water system is intended to provide additional water for the communities of central
Grant County and to support commercial and residential development as may be
needed. The project is managed by the Grant County Water Commission.

RECOMMENDATIONS
1. Monitor the Town’s growth of water use relative to its existing permits. If future
water use grows on a trend indicative of surpassing permitted use, then the Town
should begin seeking water rights to transfer into the Town water system. A
reassessment of water use over the next five to ten years will provide insight to the
planning decision. Considering the timeline and uncertain outcome associated with
acquisition of water rights in New Mexico, it is reasonable to begin the acquisition
program within a 40-year planning period.
2. Prepare to redrill and/or deepen the wellfields in future years to extend the service
lifetime to meet required levels of demand. Some of the wells are 50 to 60 years old.
Eventually, replacement of some of the wells may be needed to restore the yield of
deteriorating wells. Frank’s Well 6 and Woodward Well 4 may be showing signs of
degraded performance. Track the performance (specific capacity) of individual wells
to provide information that can assist with identifying which wells may be on a trend
of deteriorating performance. Those wells should be planned for replacement prior
to others that may continue to operate reasonably for the years to come.
3. The Anderson Well is located in an area where the Gila Group aquifer tends to thin
out. If that well becomes a candidate for replacement, evaluate local aquifer
conditions to the extent possible to determine if a replacement well is warranted. An
alternative option to consider is transferring the water rights from the Anderson Well
to other Mimbres Basin wells operated by the Town.
4. Planned wells should be constructed, developed and maintained to maximize
efficiency. Incorporate a plan of field testing for wellfield expansion or replacement
wells so that observed field conditions and as-built well conditions can be applied to
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wellfield simulations. Testing of the deep aquifer zone should be done to inspect
whether well yield decreases at depths exceeding 1,000 feet. Findings will improve
the Planning Model for use as a tool to evaluate effects from changes in water use
and in analysis of long-term sustainable yield.
5. Identify wellfield capture zones so that areas contributing water to the wellfield can
be developed into a wellhead protection program.
6. Track adjacent wellfield withdrawals and act to intervene with large-scale changes
that could impact the Town sources.
7. The existing Town wells are capable of yielding more water than the current level of
use. Inspect capacity of the existing pipelines to optimally route water through the
Town system when operating at greater levels of use, or rates up to full exercise of
water rights.
8. The regional water system is a forward-thinking approach to enhance reliability of
the water supply for the communities of central Grant County. Continue to work
with the Grant County Water Commission to move the project forward.
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WATER USE
TABLE 1. SUMMARY OF TOWN WELLFIELD STATUS AND CAPACITY (2002 AND 2016)
City Well

Well Reported DTW
When
Well
Depth1
Drilled
(ft)
Yield1
(ft)
(gpm)

Date
Drilled1

Land
Elevation1
(ft)

Frank's
5

06/1955

5800

860

325

6

11/1974

5860

865

500

7A

09/1982

5940

1095

800

323

330

Water
Column
When
Drilled
(ft)

391.6

483.6

92.0

393

4.3

6/26/02

413.7

486.0

72.3

740

10.2

1/20/16

401.3

440.7

39.4

700

17.7

6/24/02

473.7

553.6

80.0

303

3.8

1445

6.2

231

1/19/16
7/17/02
1/19/16
6/25/02

492.8
463.0
492.5
473.3

607.5
530.5
547.9
506.5

114.7
67.5
55.4
33.2

251
420
355
342

2.2
6.2
6.4
10.3

‐‐
‐‐
‐‐
1006

‐‐
‐‐
‐‐
2.2

193
305
287
448

1/19/16

464.9

592.1

127.2

303

2.4

671

6/24/02

507.0

553.0

46.0

473

10.3

‐‐

‐‐

223

36.9

405

11.0

‐‐

‐‐

‐‐

616

1/20/16 Air line = 110.72 Air line = 73.81
(ft H2O)
(ft H2O)
6/26/02
542.3
596.3

54.0

587

10.9

1883

5.3

357

1/19/16

574.7

607.1

32.4

356

11.0

765

481

3

08/1957

5908

835

500

348

487

4

07/1965

5883

954

500

284

670

6

03/1972

5988

1030

500

414

Not in production, well needs treatment for algae.
Not in production. MP = 0.40'.
Pumping DTW measured after approximately 60 minutes of pumping. Static DTW measured after 45
minutes of recovery (projected 3 feet higher in long term).
Static DTW measured after 31 hrs off. Pumping DTW measured after 60 min. DTW = 393' after 45
min of recovery. MP = 1.03'.
Pumping DTW measured after approximately 30 days of pumping. Static DTW measured after 30
minutes of recovery (projected 32 feet higher in long term).
Pumping DTW measured after 25.5 hrs. Static DTW measured after 30 min of recovery. No access
with sounder, air line installed at 542', MP = 4.70'.

1/19/16

319

359

‐‐
‐‐
477

‐‐
‐‐
22.7

300

500

‐‐
‐‐
3.7

‐‐
‐‐
420

800

1030

Remark

‐‐
‐‐
18.5

5907

5941

Pumping
Water
Column on
Date of
Test4

‐‐
‐‐
387.8

542

‐‐
‐‐
1744

K3
(ft/d)

252.8
262.6
369.3

06/1954

11/1971

Pumping
Rate
(gpm)

Specific
T2
Capacity (ft2/d)
(gpm/ft)

6/27/02
1/19/16
6/26/02

Woodward
2

5

Date

Well Pumping Test
Measured
Measured
Drawdown
Non‐Pumping Pumping DTW
(ft)
DTW
(ft)
(ft)

381
2612

4.6

573
654

362

423

Anderson

02/1967

6060

900

250

455

445

6/26/02

628.8

680.6

51.8

230

4.4

854

3.9

219

G. Hayes

02/1970

5782

680

1100

260

420

1/20/16
6/24/02

634.4
355.0

‐‐
373.0

‐‐
18.0

‐‐
950

‐‐
52.8

‐‐
‐‐

‐‐
‐‐

‐‐
307

05/2012

5790

790

1200

377

413

1/20/16
5/7/12

403.3
377.0

‐‐
404.0

‐‐
27.0

‐‐
915

‐‐
33.9

‐‐
6800

‐‐

G. Hayes
Replacement

13.9

1/20/16

‐‐

422.2

‐‐

1209

‐‐

‐‐

‐‐

5

‐‐
386
368

Pumping DTW measured after 36 minutes of pumping. Static DTW measured after approximately 48
hours of recovery (projected 10 feet higher in long term). Well redeveloped in 1997.
Static DTW measured after 15.5 hrs off. Pumping DTW measured after 36 min. MP = 1.12'.
Pumping DTW measured after 25 hours of pumping. Static DTW measured after 24 hours of
Static DTW measured after 16 hrs off. Pumping DTW measured after 5.25 hrs (1/20/16). MP = 1.50'.
Pumping DTW measured after approximately 49 hours of pumping. Static DTW measured after 47
minutes of recovery (projected 22 feet higher in long term).
Static DTW measured after 16 hrs off. Pumping DTW measured after 43 hrs (1/21/16), DTW = 510.1'
after 47 min of recovery. MP = 1.77'.
Pumping DTW measured after 32 minutes of pumping. Static DTW measured after approximately 49
hours of recovery. Well redeveloped in 2001.
Static DTW measured after 39 hrs off. Pumping DTW measured after 32 min. No access with
sounder, air line installation depth unknown, MP = 1.3'.
Pumping DTW measured after approximately 4.9 days of pumping. Static DTW measured after 67
minutes of recovery (projected 22 feet higher in long term).
Static DTW measured after 16.5 hrs off. Pumping DTW measured after 3.75 hrs (1/20/16), DTW =
576.7' after 67 min of recovery. MP = 2.06'.
Pumping DTW measured after approximately 70 hours of pumping. Static DTW measured after 60
minutes of recovery (projected 16 feet higher in long term).
Not in production. MP = 1.70'.
Pumping DTW measured after approximately three days of pumping. Static DTW measured after 18
hours of recovery.
Not in production. MP = 2.28'.
Static DTW measured prior to pump test. Pumping DTW measured after 24 hrs of pumping. Depths
are below ground surface.
Pumping DTW measured after 3.25 hrs. No access with sounder, air line at 510', MP = 2.20'.

Data from Town of Silver City 40-Year Water Plan, final report dated October 1993; except Gabby Hayes Replacement, data from drilling and testing memorandum July 2012.
2 Transmissivity (T) from well recovery data on attached figures in Appendix A.
3 Hydraulic conductivity (K) is calculated by assuming that each well is perforated over the pumping water column that was present during the June and July, 2002 field survey. The assumption minimizes the reported K.
4 A downhole camera was sent into wells Frank's 7A (1994) and Woodward 2 (1997), 5 (2001) & 6 (2001). Frank's 7A had 36 feet of sediment at the casing bottom; Woodward 2, 5 & 6 had 15, 254 & 77 feet
of sediment. The reported pumping water column on the date of the test takes into account the sediment fill.
5 Hydraulic conductivity is calculated using screen length of 490 ft.
DTW = Depth to water below measuring point at top of casing.
MP = Measuring point, feet above ground surface.
1
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PLATE 1
WOODWARD WELLFIELD WATER COLUMNS
6100

6000

Land Surface

5900

5800

5700
Observed Water
Level at Well
Completion

5600

7/1965

6/1954

11/1971

3/1972

Elevation (ft msl)

8/1957

5500
Observed Water
Level at Date
1/2016

5400
Remaining
Water
Column

5300
Pumping
Water Level
at Date

1/2016

1/2016

1/2016
355 gpm

1/2016
251 gpm

1/20161

1/2016

1/2016
405 gpm

1/2016
356
gpm

1/2016
303 gpm

5200
Reserve
for Pump
Setting

5100

5000

4900

4800

1Woodward

5 static water level approximate; interpolated between Woodward 3 and Woodward 6.

Dummy Well

Copy of WellColumns
BY
8/31/2017

Woodward 2

Woodward 3

Woodward 4

Woodward 5

Woodward 6
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PLATE 2
FRANK'S WELLFIELD, ANDERSON AND GABBY HAYES WELLS WATER COLUMNS
6100

6000

5900

Land Surface

5800

5700
Observed Water
Level at Well
Completion

Elevation (ft msl)

5500

9/1982

6/1955

5600

Observed Water
Level at Date

1/2016
Inactive

11/1974

1/2016

1/2016
1/2016
700 gpm

1/2016
Inactive

Pumping
Water
Level
at Date

5400

2/1967

5/2012
9/20151

1/2016
393 gpm

1/2016
1209
gpm

5300
Remaining
Water
Column

5200

5100

Reserve
for Pump
Setting

5000

4900

4800

1Last

recorded static water level from operators's notes.

Woodward 6

Copy of WellColumns
BY
8/31/2017

Frank's 5

Frank's 6

Frank's 7A

Anderson

GHR
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APPENDIX

On October 10, 2017, Balleau Groundwater, Inc. presented a draft version of the
Supplement on Water Use and Wellfield Service, 40-Year Water Plan - Town of Silver City, New
Mexico to the Town of Silver City Council. Following the presentation, the Town opened a
public comment period on the draft document through November 13, 2017. Comments
received by the Town along with responses to the comments are tabulated on the following
pages.
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SUPPLEMENT TO 40-YEAR WATER PLAN

Comments from Ms. Nancy Gordon (Oct 12, 2017)
1. There were a few minor things that I thought you should address
before finalizing your draft report. If it is really an update to the 40year plan, it should also mention the minor water rights for the
Waterworks, Silvears and Billings wells (maybe as just a footnote on
page 19). I know there have been some lease agreements for the first
two, and that the Waterworks water was used in the past for nonpotable use but isn't now.

Response to Comments
A footnote will be added to the final report on Page 19 stating "The
Town has additional water rights that are not associated with the
existing water supply wells (Gabby Hayes, Anderson, Frank's Wellfield
or Woodward Wellfield). The three water rights are at wells known
as Waterworks (18.1 AFY), Silvears (6.9 AFY) and Billings (57.1 AFY).
The Town periodically leases some of these water rights and may
explore the possibility of transfer(s) to the municipal wells if they turn
out not to be needed at the existing sites."

2. Also, I had a question on Figure 14 since it is presumably for 2016
conditions but doesn't seem to show the existing drawdown around
the wellfields. I'm also curious about the figure showing future
condition drawdowns and the heavy use to the southeast of Tyrone
mine (along the arroyo). Does McCauley use that much water?
Google Earth doesn't show any farming in that area. Or is there a
mining well there? Just wondering.

Historical drawdown is included on Figure 14; however, its presence is
somewhat masked in the elevation contours because, after about 70
years of pumping, the boundary influence of the Silver City Range and
the Little Burro Mountains tends to cause drawdown to spread
regionally across the wellfields rather than to be as focused along
each wellfield as it would be without the boundaries. The picture
would get more clear with a contour interval less than 100 feet, but
we intend to keep the interval at 100 feet so that the rest of the
regional picture does not get cluttered by too many contours. The
model used in the analysis (Figure 14) was calibrated in 2012. We
post-audited the model at the Town wellfields with water-level data
through 2016 and found the simulated and observed trends to
reasonably match.
Figure 15 shows "...heavy use to the southeast of Tyrone mine (along
the arroyo)". The well use is not at the McCauley wellfield; it is at the
Tyrone Mine Wellfield (TMW). The quantity of use represented for
TMW is full exercise of the water right (almost 4,000 AFY). For
planning purposes, the future projections of water use, other than by
the Town, are at full exercise of existing rights to prevent
understating regional water use when the Town's well yield is
analyzed.

12/2/2017
DMR
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SUPPLEMENT TO 40-YEAR WATER PLAN

Comments from Ms. Nancy Gordon (Oct 12, 2017)
3. I'm also curious about the results from the test wells at the airport,
and think you could at least show ground elevation and static water
level (did you get transmissivity estimates from these test wells?).
Have there been any water quality studies done? Hopefully this
aquifer isn't impacted by mining activities upstream.

Response to Comments
The land surface elevation for the two concrete pads of the test wells
averages to 5,386 feet (estimated from topographic map). The depth
to water in the two wells averages 163 feet below the land surface
(measured in May 2017). Transmissivity is estimated to be 280 ft2/d.
Based on water quality sampling at both test wells, we anticipate that
U.S. EPA Primary Drinking Water Standards will be met at the planned
production wells.
When the production wells are drilled and come online, water quality
will be monitored to observe any changes that may occur.

4. Oh, and on Figure 12, there is a band for "airport area" but it's on a
graph that's not Town use - who else has wells in the area that's using
that much water?? Hopefully they won't interfere with the new
Town wells.

12/2/2017
DMR
PubComments_TownPlan.xlsx

Water use in the category of "airport area" on Figure 12 includes
permitted use by Marvin Glenn and the mines at the Apache and
Whitewater wellfields (the permits are publically available at the New
Mexico Office of the State Engineer). The analysis assumes full
exercise of existing water rights to prevent understating regional
water use when the Town's well yield is analyzed (i.e. the analysis
examines the potential for these wells to interfere with the new
wells).
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