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Engineering Report 
Gila (Grant County) 

Water Utilization Alternative 
(Well Field, Tanks and Piping) 

I. Executive Summary 

This is an Engineering Report (10% design and cost assessment level) for a community 

pipeline system that would serve water users supplied by the water systems of the Town of 

Hurley, the City of Bayard, the Village of Santa Clara and the Town of Silver City, all located 

in northern Grant County, NM.  The Project consists of two groundwater wells, one water 

storage tank and booster pump station, a delivery pipeline and ancillary facilities.  Grant County 

officials have submitted an application to the NM Interstate Stream Commission for 

construction funding assistance for this Project made available by the 2004 Arizona Water 

Rights Settlement Act. 

The major physical features of the Project include: 

• Two new groundwater wells up to 1,500 feet deep; 
• Two 125 horsepower well pumps; 
• Water treatment system; 
• One 850,000 gallon water storage tank; 
• Two 100 horsepower and one 25 horsepower booster pumps; 
• Approximately 16.4 miles of 12” PVC pipeline; 
• Electric power line construction; 
• Access road construction and site development; and 
• Acquisition of easements and right-of-way. 

The total Project development time is anticipated to be approximately twenty-six months, 

including a fourteen month construction schedule.  Environmental surveys and cultural resource 

surveys will also have to be conducted.  The total Project construction cost is estimated to be 

approximately $12.5 million.  Annual operation and maintenance cost is estimated to be 

approximately $505,000.  Construction cost estimates for a project utilizing alternative pipeline 

diameters (16” & 24”) were also prepared and are summarized. 
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II. Introduction 

This is a  Engineering Report for a regional water supply Project that would improve and 

augment the water supply serving about 26,000 people in central Grant County, NM.  Grant 

County has submitted a Tier 2 Application to the NM Interstate Stream Commission for funding 

assistance made available by the 2004 Arizona Water Settlement Act (P. L. 108-451). 

The Project consists of the development of a new well field adjacent to the Grant County 

Airport that would make available existing water rights and to serve as a point of diversion for 

additional water rights that are the subject of a pending water right application submitted by the 

Town of Silver City.  An approximately 14.9 mile long inter-community pipeline served by the 

well field would augment the existing supplies of Bayard, Santa Clara and Silver City, NM and 

of the adjacent unincorporated areas.  Project storage and pressure booster pumps are also 

proposed. 

Hurley’s water supply is currently provided by Freeport-McMoRan Copper and Gold, 

Inc. under a water supply contract which extends through the year 2018.  Hurley has neither its 

own water right nor source of water supply.  This Project would provide Hurley with its 

principal source of future water supply. 

The Grant County Water Commission’s 2011 Tier 2 Application proposed that the 

Project be developed in four stages.  This Report considers the complete development of the 

Project, although construction of certain portions could be deferred pending availability of 

funding or development of demand for water. 

This Report was prepared by William J. Miller Engineers, Inc., for the New Mexico 

Interstate Stream Commission pursuant to Work Order PSA14232 GR-13-1, issued January 15, 

2013.  This Report is at the 10% design level and cost assessment intended to inform the staff of 

the Interstate Stream Commission in order that they may be more fully informed and prepared 

to advise the Interstate Stream Commission with decisions involved regarding allocating 

Arizona Waster Settlement Act funding.   

Digital terrain model data used in this Project were obtained from Intermap 

Technologies, Inc. and topographic data used in the hydraulic model were prepared from the 

digital terrain model data by Wolf Engineering, Inc.  Hydraulic modeling of the pipeline system 

was prepared by Ann Swanberg-Mee, P.E., LLC.  Zhuping Sheng Ph.D., P.HG evaluated the 
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hydrologic characteristics of the groundwater aquifer and prepared a preliminary design of the 

proposed wells. 

III. Project Planning 

A. Location 

The area to be served by this Project includes communities in northern Grant County that 

are served by the Hurley, Bayard, Santa Clara and Silver City public water supply systems.  The 

proposed intercommunity pipeline and ancillary facilities would deliver water as needed by the 

participating entities to supplement their own, existing water supplies.  Each entity would 

continue to manage its own established supply (with the exception of Hurley) and distribution 

systems that serve a current population of approximately 26,000 people.  The predominant land 

uses in the immediate Project area includes livestock grazing and residential and commercial 

development along the Highway 180 right-of-way. 

This Project includes the development of a wellfield located immediately adjacent to the 

Grant County Airport.  This wellfield development includes two wells, water treatment facilities 

and well controls.  From this location, pipeline would be constructed to a storage tank and 

booster pumps located about 5.4 miles north of the Grant County Airport.  From this booster 

station, the pipeline would connect with existing water systems of Bayard, Santa Clara and Silver 

City.  Exhibit 1 is a map of the area of the proposed Project facilities.  From the wellfield to just 

north of Bayard, the pipeline would be located within a thirty foot wide easement acquired from 

private landowners, and the pipeline would be located within the Highway 180 easement from 

Bayard to Silver City.  

B. Environmental Resources 

The actual Project development would occupy a narrow strip of land that extends 

generally from the Grant County Airport in a northerly direction until it reaches Highway 180 

northwest of Bayard.  No biological or cultural resources surveys of this area have been 

conducted for this Project, but no endangered species or significant cultural sites are anticipated 

to be found in this area.  The principal existing land use along the pipeline alignment from the 

wellfield to Bayard is livestock grazing.   
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From a point northwest of Bayard to Silver City, the pipeline would be installed along the 

southern side of Highway 180 within the designated right-of-way.  The proposed alignment 

crosses federal lands near Santa Clara, which would trigger provisions of the National 

Environmental Policy Act (NEPA).  Residential and commercial development and transportation 

are the predominant land uses along the proposed Project right-of way from Bayard to Silver 

City.  

The elevation of the Project area ranges between about 5,240 feet at the Airport to about 

6,100 feet at the pipeline terminus near Silver City.  Landforms found in the Project area consist 

of uplands, hillslopes, drainage ways and valley floors.  The mean annual precipitation is about 

15.7 inches.  The average maximum temperature is 69 °F; the average minimum temperature is 

40 °F.  Grassland and shrub is the typical vegetation encountered along the Project alignment.  

There are no perennial sources of surface water encountered along the Project alignment. 

C. Population Trends 

From the Grant County Application: 

Community 
2010 Census  

Service Area Population 
Hurley, North Hurley 1,297 
Bayard, Hanover 2,328 
Santa Clara 1,686 
Silver City, Tyrone, Pinos Altos, Arenas Valley 
and Rosedale 20,310 

Total =  25,624 
 

In Grant County, public water supply withdrawals comprised about 7% of the total 

withdrawal in the year 2000, or about 4,100 acre-feet per annum.  Based on population 

projections made in 2009 (A Report on Historical and Future Population Dynamics in NM. 2008. 

A. Alcantara) the Grant County population is expected to increase by 0.75% annually, or by 35% 

over the next 40 years.  An increase of 35% in water demand might require that an additional 

1,435 acre-feet per annum be withdrawn in order to maintain the current standard of living. 

IV. Existing Facilities 

 The Town of Silver City obtains its water supply from existing well fields and water 

rights.  The Silver City water rights are summarized in Table 1.  Silver City operates and 
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maintains booster tanks at each wellfield as well as a total of nine water storage tanks at five 

locations that provide adequate water pressure at all locations served by their system. 

Table 1.  Silver City water rights summary 

 

The Town of Hurley has no water rights and no water supply wells or surface water 

diversion point.  The Town relies on Freeport McMoRan to provide its water supply.  Water 

storage is provided by two welded steel tanks, a 500,000 gallon tank installed in the mid 1970’s 

and a 190,000 gallon tank installed in the early 1980’s.  The tanks are in fair condition. 

The City of Bayard operates and maintains a well field of seven wells and a booster 

station located along Cameron Creek southwest of town.  Water storage is provided by a one 

million gallon storage tank and a 250,000 gallon tank.  The City has water rights for the 

diversions of 742 acre-feet per annum.  Because of the limited saturated thickness of the 

groundwater aquifer at this location (Cameron Cr. alluvium), the City must rotate the use of their 

wells to avoid localized dewatering of the aquifer.  

The Village of Santa Clara is permitted four wells in the Lone Mountain well field and an 

infiltration gallery that is constructed in Twin Sisters Creek.  Only two of the wells are in 

operation. The saturated thickness in that part of the aquifer where the Lone Mountain well field 

is located may be insufficient to meet demands during dry periods.  The infiltration gallery is 

also vulnerable to drought and has not produced a reliable water supply.  Santa Clara has water 

rights totaling 514.8 acre-feet.  Santa Clara operates and maintains a 750,000 gallon storage tank 

and a 500,000 gallon storage tank. 

Wellfield 
Number of 

permitted wells 
NMOSE File 

No. 

Amount of water 
(acre-feet per 

annum) Priority date 
Franks 7 GSF-1014 1,120.14 12/31/1945 
Woodward 6 M-2735 1,572.80 04/01/1954 
Gabby Hays 1 M-2903 1,433.00 02/20/1970 
Anderson 1 M-2675    440.70 01/20/1970 

  Total = 4,566.64  
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V. Need for Project 

A. Health and Sanitation 

The Town of Hurley receives drinking water from Freeport McMoRan under a water 

supply agreement that will expire in 2018.  By that time, if the agreement is not renewed, Hurley 

will have had to acquire a water supply and construct water delivery and treatment infrastructure 

in order to meet the current and anticipated future demands.   

The City of Bayard relies on a groundwater supply that may not be fully capable of 

delivering water during periods of prolonged drought because the aquifer supplying the City well 

field is shallow, limited in extent and dependent upon recharge from the annual summer runoff 

of Cameron Creek. 

The water levels in the Santa Clara well field have declined since they were put into 

production in 1955.  The aquifer supplying the wells is not extensive and the boundaries of the 

basin aquifer are relatively close to the well field.  The effects of pumping have already reached 

the boundaries of the aquifer, and decline in water levels will continue into the future. 

Groundwater levels in the Silver City well fields have declined since they were first put 

into production primarily as the result of pumping water from storage in the aquifer.  This will 

result in increased pumping cost as water levels and well yields decline. 

B. Reasonable Growth Demands 

The May, 2005 Southwest New Mexico Regional Water Plan projects an 18% increase in 

public water supply systems withdrawals in Grant County over the 2010-2050 period under the 

low-growth scenario.  Under the high growth scenario, projected withdrawals of water are 

anticipated to increase by 39%. 

VI. Description of Proposed Project 

The water supply for this Project is based on permitted water rights (NMOSE File No. M-

2846) and water rights requested by application filed by the Town of Silver City on April 5, 

2013.  NMOSE File No M-2846 authorizes the diversion of 193.2 acre-feet per annum from two 

wells located in the NW ¼ SE ¼ Sec. 22, T19S and the NE ¼ SE ¼ Sec. 22, T19S, R13W.  The 

Application filed by the Town would authorize up to 750 acre-feet per annum to be offset by 
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recharge to the regional aquifer from treated effluent discharged into San Vicente Arroyo.  The 

application requests a linear increase in annual diversion from zero at the start of year one to 750 

acre-feet at the start of year 40, or an average annual value of 375 acre-feet.  Upon approval of 

the application, the Town would be authorized to divert up to 943.2 acre-feet at the end of year 

40, or an average annual diversion of 568.2 acre-feet over the 40-year period (350 gpm). 

The maximum allotments and minimum pressure requirements for the proposed system 

are presented in Table 2.  The four community discharge points will each be provided with a 

concrete vault containing a water meter, flow control valve, check valve, and pressure reducing 

valve (if needed). 

Table 2.  Community allocations and pressure requirements 

Community  
12-hour Allotment/Flow 

Rate (gpm) 
Required 

Pressure (psi) 
Hurley  240 25 
Bayard  122 140 
Santa Clara  136 91 
Silver City  670 80 
Total allotment/Demand 1,168  

 

Water quality data taken from samples obtained during the pumping test at a test well at 

the Grant County Airport well field in 2011 show that the water quality at the site is generally 

good, with low total dissolved solids (259 mg/l) and no primary or secondary constituents 

exceeding New Mexico Drinking Water Standards.  The water is hard at 170 mg/l CaCO3. 

A. Construction 

1. Well field development 

The development of the wellfield includes access and site development, power line 

extension, drilling and equipping two wells, water treatment and controls.  See Exhibit 2, well 

field development.  The ground surface elevation at the wellfield is about 5,400 ft. 

Site development work would include the construction of a 16 ft. wide gravel access road 

to each well, site grading and drainage at well pads and at the control building.  Security fencing 

would also be installed.   

Electric power would be delivered to the well field site by Public Service Co. of New 

Mexico.  Approximately 6,300 ft. of 3-phase power line would be installed.  Because of the close 
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proximity to the Grant County Airport, most of the line would have to be installed underground 

to avoid interfering with airfield operations. 

Each well could be constructed up to a depth of 1,500 ft, with a 15-inch diameter casing.  

It is assumed that each well will provide approximately 300 gpm at a drawdown of 300 ft.  At a 

pumping rate of 300 gpm, both wells will be required to pump nearly 24 hours continuously to 

produce the full annual allocation of 943.2 acre-feet.   

The pumps would be installed at a depth of 650 ft. below ground level (bgl). The 

pumping water level of the wells at 300 gpm is assumed to be 500 ft. bgl. It was assumed the 

pump screen will start in the well at 700 ft. below ground level. With both pumps operating at 

300 gpm, the total dynamic head (TDH) required to fill the water storage tank to the overflow 

elevation was determined to be 985 ft.  A pump was selected that can meet the TDH and flow 

requirements.  The selected pump, a Grundfos model 475S1250-13, requires a 125 HP motor.   

A pre-fabricated well house containing well controls, water meter and water treatment 

system would be installed near well M--2846-S.   

2. Water treatment 

Because the community of Hurley receives water upstream of the booster station, 

chlorination will have to take place at the pump house at the well field. The cost estimate for the 

chlorination system was based on the following criteria: 

• Flow rate 600 gpm (24 hours per day); 
• Flow sensor to shut off dosing pump when pumps are not running; 
• Use of liquid chlorine solution of 12.5% Hypochlorite; 
• Archival rate of  1 ppm chlorine (requires about 6.9 gallons of chlorine per day); 
• Two-room pump house with separate room for submersible pump controls – metal 

exterior; 
• Proposed pumps of 475S1250-13 (125 HP);  
• Pumps able to run simultaneously and in an alternating lead-lag configuration; 
• Controls to turn the pump off and on, based on radio signal sent from telemetry system 

at the storage tank; 
• Eye wash station, hand wash sink, etc. 

3. Pipeline  

The distribution pipeline would be 12” diameter C900 PVC pipe buried to provide a 

minimum cover of four feet.  The total pipeline length, including spur lines, is about 86,400 ft.  
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The pipe trench would be over excavated by 6 inches and backfilled with uniform bedding for 

the buried pipe.  Pipeline installation methods include excavation (both soil and rock) and bore 

and jack under roadways and railroad.  The installation of the main line when crossing under 

water courses that are at least 15 feet in width will require that the line be constructed of flexible 

water tight joints with concrete encasement. 

The pipeline would extend across open range about five miles from the Airport (elevation 

5,420) to the spur line that would serve the Hurley tanks.  The elevation of the junction with the 

Hurley spur line is approximately 5,755 ft.  The water line to the Hurley tanks would be 

pressurized at all times either by pumping at the well or from the head provided by the storage 

tank at the booster station.  Figure 1 is a picture of the Hurley tanks.   

The main pipeline continues for about one-half mile to the booster tank located about ¾ 

mi. northwest of Hurley with a base elevation of about 5,840 ft.  From the booster tank, the main 

pipeline continues north across open rangeland approximately 2.6 miles to the location where the 

pipeline would connect with the existing Bayard delivery line at about elevation 5,835 ft.  From 

the Bayard connection, the line extends to the Highway 180 right-of-way where it would run to 

the junction of the spur line that would serve the Santa Clara storage tanks.  The elevation of the 

Santa Clara tanks spur line junction is approximately 6,050 ft.  The length of the pipeline from 

the Bayard junction to the Santa Clara junction is about 2.9 miles.  From the Santa Clara junction 

to the pipeline terminus in Silver City the pipeline continues along the rolling terrain of the 

Highway 180 right-of-way about 3.9 miles and ends at elevation 6,095 ft. 

Construction cost estimates for a project utilizing alternative pipeline diameters (16 inch 

and 24 inch) were prepared and are summarized in Exhibit 5. 
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Figure 1.  Hurley tanks (2012) 

The proposed 12-inch PVC water line would intersect the existing Bayard 10” 

transmission line downstream of the Bayard booster station.  See Exhibit 3.  The proposed line 

would deliver 122 gpm at 140 psi at elevation 5,832.5 ft. at this point of intersection. 

A 12” diameter branch line off the proposed 12” PVC distribution line would discharge 

directly into the Santa Clara storage tanks.  The system would provide 136 gpm at 91 psi at 

elevation 6,050 ft. at the location where the branch line leaves the main line. 

The terminus of the 12” PVC water line at Silver City would deliver 670 gpm at 80 psi at 

elevation 6,095 ft. at the intersection of Peterson Drive and US Highway 180. 

Most of the pipeline would be installed using the excavation and backfill construction 

method.  Approximately 350 feet of pipeline would be located under the US Highway 180 

roadbed and the Southwestern Railroad track to accommodate the water line to the Hurley tanks.  

This length of pipeline would be installed using the bore and jack method, where a steel casing is 

bored under the roadbed and the pipeline place inside the casing.  An additional 1,350 feet of 

ephemeral or intermittent stream encountered along the alignment will be crossed with welded 

steel pipe buried at depth and anchored at each end or, in the alternative, constructed with 

concrete encased PVC pipe.  The pipeline would be encased in a new stilling basin/drop structure 
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to be constructed at the downstream toe of the box culverts in Twin Sisters Creek at the US 

Highway 180 road crossing. 

Water control valves, check valves, water meters and pressures reducing valves would be 

installed in an underground vault at each community’s junction with the main water line.  Air 

and vacuum release valves would be required at locations along the main distribution pipeline.  

The location of these valves would be determined in the design phase of this project. 

4. Booster station storage 

A 850,000 gallon welded steel tank (32 ft. high by 67 ft. diameter) is proposed to  be built 

at  a base elevation of about 5,840 ft., an elevation which is about 40 feet above the overflow of 

the Hurley storage tanks.  This will enable gravity flow of water from the booster tank into the 

Hurley storage tanks.  The water tank is sized to equal the daily water allotment allowed for the 

system.  This size will allow the tank to fill (from the proposed groundwater wells) over a 24-

hour period, while providing an adequate reservoir to meet the daily community allotments in the 

higher pressure zone over a 12-hour period or pumping cycle.   

Geotechnical investigations will be undertaken at the site of the proposed tank, but no 

unusual foundation conditions are anticipated at the tank site.  The soil type at the location of the 

proposed booster tank is a gravelly loam, with cemented, indurated rock found at a depth of 17-

25 inches.  This is the same soil type that the Hurley tanks are constructed upon.  Site 

preparation, grading and drainage work is also included with the erection of the tank.  The cost 

for construction of access roads is included with the cost of booster pump development. 

5. Booster station pumps 

The development of the booster station requires construction of an access road to the site, 

an extension of an electric power service line, grading and site preparation.  The booster pumps 

and pump controls would be delivered to the site in a prefabricated, self contained structure.   

A new electric power line would be constructed to deliver 3-phase power to the booster 

pumps, requiring approximately 1,300 feet of above-ground power line connected to a main line 

along US Highway 180. 

Access to the site would be by way of an existing gravel road off of US Highway 180 and 

construction of additional gravel road.  The pump site and access road construction would be on 
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a steep grade so the final design will require that additional consideration be given to drainage 

and earthwork grading issues.  Site preparation and grading is also required for this development. 

The booster pump station was designed to produce the daily allotment of water for Santa 

Clara, Bayard, and Silver City in 12 hours, pumping at a rate of 928 gpm.  The proposed pumps 

(2 each) are Grundfos CR 120-4.  At this rate, the TDH at the pumps will be 464 ft. However, 

each pump will be wired to run independently and will be able to produce approximately 560 

gpm, operating separately.  This flow is adequate to provide the total daily allotment for all three 

communities in less than 24 hours.  An additional smaller pump will be installed to handle small 

flow for times when either Bayard or Santa Clara is receiving water individually.   

Using a booster station with variable speed pumps is the best design for this system, 

because it eliminated the need and cost for an additional water storage tank and, potentially, for 

additional booster pumps.  Variable frequency drives continually adjust the pump drive shaft 

rotational speed in order to maintain pressure and flow requirements in a network, while 

improving energy efficiency.  

The proposed booster station will consist of two large pumps, each capable of providing 

the daily water allotment to the three communities in fewer than 24 hours, and a third pump to 

handle small flows under 100 gpm.  The booster pumps will be housed in a prefabricated metal 

building that will also house all required pumping controls and valves for the system.  The metal 

building will have dimensions of approximately 30 ft. by 10 ft. 

Figure 2 and Figure 3 are photographs of what this booster station pump house might 

look like. 
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Figure 2.  Unloading booster station 

 
Figure 3.  Installed booster station 
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6. Supervisory Control and Data Acquisition (SCADA) System 

The operation of the well pumps to maintain water levels in the new storage tank would 

be controlled by a radio signal transmitted from the booster storage tank to the well house.  The 

operation of the booster pumps would be based on the water demands downstream of the booster 

pumps.  The variable speed pumps are capable of delivering variable flow rates to downstream 

users and are operated to maintain pressure at the downstream delivery points. 

The delivery of water to the Hurley tanks could be accomplished by radio controlled 

telemetry between the Hurley tanks and the valve at the Hurley junction at the main pipeline.  

The valve at the Hurley junction would be opened or closed based on the elevation of the water 

level in the Hurley tanks. 

B. Schedule 

A proposed Project schedule is summarized in the Gantt chart shown in Figure 4.  The 

Project schedule shown in Figure 4 would begin after the water right application filed by Silver 

City in April 5, 2013 has been approved by the NM State Engineer, after the Project has been 

authorized and funded and after the Project sponsors have retained all of the consulting services 

required to begin the Project planning and engineering.  The total Project duration is anticipated 

to be approximately twenty-six months. 

The Project would begin with the biological and historical surveys which would be 

completed and applicable permits obtained within six months.  The NM Environment 

Department Application for Construction or Modification of a Public Water supply system could 

not be submitted until the Project plans and specifications are completed, anticipated in this 

schedule to be about the ninth month.  Construction would begin at the start of the fifteenth 

month. 

The duration of construction activities is anticipated to be about fourteen months.  Record 

drawings of the as-built Project features and the location surveys of the installed pipeline 

location along US Highway 180 would be prepared upon completion of construction activities.  

A three-month Project “shakedown” period is proposed before the Project construction is 

completed and the operation phase can begin. 
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C. Environmental Studies and Permitting 

Biological surveys of the Project pipeline alignment and preparation of an environmental 

report will be required.  Because of the federal nexus with this Project, either through funding 

sources or land easement requirements, an environmental assessment will be required.  The NM 

Department of Transportation will also require environmental clearance prior to granting a 

permit to install the pipeline on the Highway 180 right-of-way.
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Figure 4.  Project schedule

WORK TASK

Project Permitting

Biological survey and report

Cultural resources survey and report

NEPA / pubic participation

NMDOT permitting

NMED / Public water supply system

Engineering

Topographic / construction surveying

Design

Prepare plans and specification

Prepare contract documents

Solicit and evaluate contractor bids

Award construction contract

Record drawings

Lands and right-of-way

Easement surveys

Easement negotiations / acquisition

As-built location surveys

Project construction

Site(s) development / power line extension

Drill and equip wells

Pipeline installation

Construct booster tanks / pumps

Reclamation / restoration

Project testing

M29 M31 M33 M35

Year 2

M13 M15 M17 M19 M21 M23

Year 3

M25 M27

Year 1

M1 M3 M5 M7 M9 M11
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A cultural resources survey of the Project alignment will also be required.  This will 

include coordination with the State Historic Preservation Office, affected Indian tribes, and other 

entities. 

In addition to a permit issued by the NM Department of Transportation, the requirements 

of the Clean Water Act (Sections 401 and 404) may apply on this Project.  Endangered species or 

wetlands are not anticipated to be encountered on this Project. 

Pursuant to Section 20.7.10.200 NMAC, the Project sponsor must submit an Application 

for construction or Modification of a Public Water Supply System with the NM Environment 

Department, and the Department must approve that permit application before the Project is 

advertised for bid.  The Project sponsor must be able to demonstrate that it has sufficient 

technical, managerial and financial capacity, such as a certified operator, the testing equipment 

required to meet regulatory treatment techniques, ownership accountability, staffing and 

organization, revenue sufficiency, credit worthiness and fiscal management. 

D. Lands and Right-of-Way 

The Project proposed alignment will be located on privately owned lands and along the 

Highway 180 right-of-way.  Portions of the US Highway 180 right-of-way are located on lands 

owned by the federal government, including the Bureau of Land Management, Forest Service 

and the Department of Defense.  It is recommended that a permanent thirty foot right-of-way be 

acquired for construction and maintenance purposes on the privately owned lands.  

Most of the private lands are owned by Freeport McMoRan.  A portion of the right-of-

way near Bayard would occupy lands owned by the Foy family.  The NM Department of 

Transportation requires that an as-built survey of the pipeline alignment be prepared to document 

the location of the pipeline within the Highway 180 right-of-way. 

A summary of the right-of-way requirements is contained in Table 3.  Exhibit 4 is a map 

showing the location and ownership of lands to be crossed by the proposed pipeline.  Detailed 

maps showing the location of the pipeline right-of-way will be prepared and submitted with the 

final Engineering Report. 
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Table 3.  Tabulation of right-of-way land ownership 

  Owner 

Approx 
Length 
(ft.) 

Construction 
method Notes 

1 Main Delivery Line 
   

 

Barbara Ann Turner Living Trust & 
Graham Living trust 

6,030 Trench/Backfill 
Easement for well and 
pipeline provided for in 
1982 Agreement 

 
Freeport McMoRan 38,565 Trench/Backfill 

 
 

Foy, Inc. 3,915 Trench/Backfill 
 

 
NM Department of Transportation 
Highway 180 ROW a,b,c 

30,190 Trench/Backfill 
Parallel to US 180; MP 114 
to MP 121.5 

 
Total =  78,700  

  
     2 Hurley Tank Spur Line 

   
 

Freeport McMoRan 1,480 Trench/Backfill 
 

 

NM Department of Transportation 
Highway 180 ROW a,b 

150 Bore/Jack Crossing US 180 at MP 125 

 
Town of Hurley a 240 Trench/Backfill 

 

 

Southwestern Railroad, Whitewater 
Division 

200 Bore/Jack 
 

 
Total =  2,070 

  

  
   

3 Santa Clara Tank Spur Line     

 
Beatriz and Geronimo Gonzales 560 Trench/Backfill 

 

 
Viola Smith Revocable Trust 470 Trench/Backfill 

 

 
Total =  1,030  

  Footnotes: 
   a. Traffic control plan required 

   b. As-built survey required 

   c. Portion of highway ROW on lands controlled 
by agencies of the US Government, including 
BLM, USFS and DoD. 
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E. Cost Estimates 

1. Construction 

Estimated construction costs for a Project with a 12 inch diameter pipeline are 

summarized in Table 4.  Detailed line-item cost estimates are shown in Exhibit 5.  Construction 

cost summaries for alternative pipeline diameters of 16” and 24” pipeline are shown in Table 5. 

Table 4.  Project construction costs - 12” pipeline 

 

 

Table 5.  Construction cost estimates - 16" and 24" pipeline 

 

 

Item Total           
Pipeline and Fitting Construction 3,693,500$       
Booster Station Construction 426,500$         
Storage Tank Construction 605,000$         
Lands and Right-of-Way 1,350,000$       

Environmental and Cultural Resources 106,000$         

Other Costs 1,025,000$       
Sub-Total All Construction Costs 7,206,000$       
Contingencies (15%) 1,080,900$       
NMGRT (6.1875%) 512,752$         

Construction Total = 8,799,652$       

Engineering = 1,095,000$       
NMGRT (6.1875%) = 67,753$           

Engineering Total = 1,162,753$       

Cost of one well = 1,598,280$       
Cost of two wells = 2,585,982$       

TOTAL PROJECT COST (one well) = 11,560,685$     
TOTAL PROJECT COST (two wells) = 12,548,387$     

16 In. pipeline $16,423,700

24 in. pipeline $18,248,400

Total Project  costs                                 
(includes two wells,  engineering, 

contingencies @ 15%, and NMGRT)Pipeline Alternative Size
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2. Operation and Maintenance 

Estimated annual operation and maintenance costs are anticipated to be about $505,000 

per year.  These costs are summarized in Table 6.  Additional detail on the annual operation and 

maintenance cost is shown in Exhibit 6. 

 

Table 6.  Project annual operation and maintenance costs 

 

 

 

 

 

 

 

 

Item Annual amount
Wages and benefits 83,200$          
Electric power 286,600$        
Chlorination 61,500$          
Testing and laboratory 4,500$            
Transportation 6,000$            
Tools, equipment and parts 50,000$          
Office supplies 1,000$            
Trainings and meetings 2,500$            
Rent 5,000$            
Other 5,000$            

Total = 505,300$        
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Exhibit 1.  Map of Project area 
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Exhibit 2.  Well field site development 
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Exhibit 3.  Bayard system interconnect 
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Exhibit 4.  Land ownership map 
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Exhibit 5.  Line item construction cost estimate 

 

 

 

 

 

FURNISH AND INSTALL PIPELINE AND FITTINGS

No. Item Unit Quantity Unit cost Total           

1 PVC Pipe and Fittings, C-900, DR 18, CL235, 12" LF 58,400 $35 2,044,000$   
2 PVC Pipe and Fittings, C-900, DR 14, CL305, 12" LF 28,000 $38 1,064,000$   
3 Valve, 12-inch Gate & Box EA 16 $3,000 48,000$        

4
Junction Vaults (Flow Meters, Flow Control Valves, 
Check Valves) EA 4 $30,000 120,000$      

5 Hurley service line telemetry EA 1 $10,000 10,000$        
6 Air Release Valves EA 10 $2,500 25,000$        
7 Wash Crossing Horizontal Drill LF 1,350 $150.00 202,500$      
8 Highway 180 Road Bore and Jack LF 150 $300.00 45,000$        
9 Railroad Bore and Jack LF 200 $300.00 60,000$        
10 Restoration and seeding right-of-way AC 75 $1,000.00 75,000$        

Subtotal Pipeline and  Fitting Construction = 3,693,500$   

FURNISH AND INSTALL BOOSTER STATION PUMPS

No. Item Unit Quantity Unit cost  Total            
1 Booster Station, including Building and Electrical 

  
EA 1 250,000$           250,000$      

2 Booster Station Site Grading and Building Foundation EA 1 20,000$            20,000$        
3 Access Road and Site Grading AC 1.5 55,000$            82,500$        
4 Perimeter Fencing FT 1,000 35$                   35,000$        
5 Extend electric power line FT 1,300 30$                   39,000$        

Subtotal booster station construction = 426,500$      

FURNISH AND INSTALL 850,000 GALLON STORAGE TANK

No. Item Unit Quantity Unit cost  Total            
1 Welded Steel Water Storage Tank, Foundation, and 

       
LS 1 500,000$           500,000$      

2 Site Preparation and Grading AC 1 55,000$            55,000$        
3 Geotechnical Foundation Investigation LS 1 12,000$            12,000$        
4 Cathodic Protection System LS 1 20,000$            20,000$        
5 Tank Telemetry Controls LS 1 18,000$            18,000$        

Subtotal Storage Tank Construction = 605,000$      

LANDS and RIGHT-OF-WAY

No. Item Unit Quantity Unit cost  Total            
1 Legal and administrative LS 1  $          150,000 150,000$      
2 Boundary and as-built Surveys LS 1 200,000$           200,000$      
3 ROW Lease payment LS 1 1,000,000$        1,000,000$   

Subtotal Lands and Right-of-Way = 1,350,000$   
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Exhibit 5.  Line item construction cost estimate (continued) 

 

  

 

 

 

 

 

 

 

 

 

ENVIRONMENTAL, CULTURAL RESOURCES AND PERMITTING 

No. Item Unit Quantity Unit cost  Total            
1 Biological Survey and Report LS 1  $           20,000 20,000$        
2 Cultural Resources Survey and Report LS 1 60,000$            60,000$        
3 NEPA / Pubic Notification LS 1 26,000$            26,000$        

Subtotal Environmental and Cultural Resources = 106,000$      

OTHER COSTS

No. Item Unit Quantity Unit cost  Total            
1 Mobilization  / demobilization LS 1 400,000$           550,000$      
2 Preparation of Storm Water Pollution Prevention Plan LS 1 50,000$            50,000$        
3 Implementation of Storm Water Pollution Prevention Plan LS 1 150,000$           150,000$      
4 Traffic control LS 1 75,000$            75,000$        
5 Construction surveying LS 1 200,000$           200,000$      

Subtotal Other Costs = 1,025,000$   

 Sub-Total All Construction Costs = 7,206,000$   
Contingencies (15%) = 1,080,900$   

NMGRT (6.1875%) = 512,752$      
Construction Total = 8,799,652$   

ENGINEERING

No. Item Unit Quantity Unit cost  Total            
1 Project Management/Contract Administration LS 1 200,000$           200,000$      
2 Prepare design, plans and specifications LS 1 320,000$           320,000$      
3 Oversight of Construction Contractor's activities LS 1 500,000$           500,000$      
4 Prepare As-built, Record Drawings LS 1 75,000$            75,000$        

Subtotal Engineering Costs = 1,095,000$   
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Exhibit 5.  Line item construction cost estimate (continued) 

 

 

 

WATER WELL DRILLING AND PUMP INSTALLATION

Well construction

Task description Unit Quantity Unit cost 
Total           

one well
Total         

two wells
1 Test drilling Ft. 1500 80$            120,000$       240,000$    
2 Ream pilot hole to 16" Ft. 1500 100$          150,000$       300,000$    
3 Furnish and install 24" conductor casing Ft. 50 175$          8,750$          17,500$      
4 Furnish and install 16" blank casing Ft. 700 100$          70,000$         140,000$    
5 Furnish and install 16" well screen Ft. 800 150$          120,000$       240,000$    
6 Furnish and install gravel pack Ft. 1250 45$            56,250$         112,500$    
7 Furnish and install sounding tube Ft. 250 10$            2,500$          5,000$        
8 Furnish and install grout seal Ft. 245 55$            13,475$         26,950$      
9 Well development Hr. 24 250$          6,000$          12,000$      
10 Well disinfectant Ea. 1 2,000$       2,000$          4,000$        
11 Caliper log Ea. 1 4,000$       4,000$          8,000$        
12 Geophysical log Ft. 1500 5$              7,500$          15,000$      
13 Formation sample testing Ea. 20 100$          2,000$          4,000$        
14 Chemical and bacteriological testing Ea. 4 1,000$       4,000$          8,000$        
15 Pumping test Hr. 48 200$          9,600$          19,200$      
16 Permit administration Ea. 1 1,000$       1,000$          2,000$        

Subtotal well construction = 577,075$       1,154,150$ 

Well pump and installation

Task description Unit Quantity Unit cost 
Total           

one well
Total         

two wells
1 Furnish and install pump Ea. 2 30,000$      30,000$         60,000$      
2 Submersible Pump Cable Lf. 700 $20.00 14,000$         28,000$      
3 8-inch Check Valve Ea. 4 $600.00 2,400$          4,800$        
4 Furnish and install 8" drop pipe Ft. 650 70$            45,500$         91,000$      
5 Pumping development Hr. 24 150$          3,600$          7,200$        
6 Well controls and electrical Ea. 1 5,000$       5,000$          10,000$      

Subtotal well pump and installation = 100,500$       201,000$    

Other costs

Task description Unit Quantity Unit cost 
Total           

one well
Total         

two wells
1 Mobilization and demobilization Ea. 1 30,000$      60,000$         60,000$      

2
Chlorination/Well Pump House, including 
Building and Electrical (Prefabricated by 
Manufacturer)

Ea. 1 125,000$    125,000$       125,000$    

3 Site development and grading Ac. 1.75 55,000$      96,250$         192,500$    
4 Install security fencing Ft. 1000 35$            35,000$         70,000$      
5 Extend electric power line Ft. 6300 50$            315,000$       315,000$    

Subtotal other costs = 631,250$       762,500$    

Subtotal all costs = 1,308,825$    2,117,650$ 
Contingencies (15%) = 196,324$       317,648$    

NMGRT (6.1875 %) = 93,131$         150,684$    
Total = 1,598,280$    2,585,982$ 
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Exhibit 6.  Project annual operation and maintenance costs 

 

ELECTRIC POWER COSTS
Submersible 

Pump
Booster 
Pumps

2 @ 125 hp 
24 hrs/day

2 @ 100 hp 
12/hrs/day

Customer Charge (mo.)
$491.60 $11,798 $5,899.20

Energy charge
On-peak rate,  $/kWh, June, 
July, Aug (60 hrs/wk) 0.1903

Off-peak rate, $/kWh (all 
months, 168 hrs/wk) 0.03374

125 hp (kWh/day) 3,730 100 hp (kWh/day) 2985
92 days, 60 hrs/week 33.12 365 days, 168 hrs/week 365
On-peak power cost 47,018$        Off peak power cost 73,521$       

On-peak rate, $/kWh, all 
other months (108 hrs/wk) 0.1226
125 hp (kWh/day) 3,730
273 days, 60 hrs/week 92.28
On-peak power cost 84,399$        

Off-peak rate, $/kWh (108 
hrs/wk) 0.03674
125 hp (kWh.day) 3,730
365 days, 108 hrs/week 233.6
On-peak power cost 64,025$        

TOTAL POWER COSTS = 207,200$      79,400$       

OPERATORS SALARY AND WAGES

Number of crew 1
Hours/yr. 2080
Wage Rate ($/hr) 20
Benefits (%) 100

Total = 83,200$        

SERVICE VEHICLE
Miles/yr. 12,000
Mileage rate ($/mi) 0.5

Total = 6,000$          

CHLORINATION
943 af/yr; $0.20/1000 gal. 61,500$        

TOOLS, EQUIPMENT & PARTS INVENTORY
(@ 10% of total O & M cost) 50,000$        
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Grant County Drinking Water 
Transmission Line—Preliminary 
Design and Hydraulic Modeling 

1 INTRODUCTION 

 

Under Contract with William J. Miller Engineering, I performed a modified preliminary engineering design 

and hydraulic modeling for a proposed water transmission line in Grant County, New Mexico.  The scope 

of the project consisted of preparing a preliminary design to convey water from two proposed water wells 

located near the Grant County Airport to four communities located north of the well site along U.S. 

Highway 180.  I was provided survey data of the proposed transmission line alignment and well data for 

the proposed ground water wells.   

WaterCAD V8i modeling software was used as the primary tool to design the system.  The elevation 

differences in the project area was too great for a single pressure zone.  So in addition to the transmission 

line and the wells, a water storage tank and booster station were added to the design.  A pumphouse will 

be constructed near the well heads to house the electrical controls, water meter, and required 

chlorination equipment.   

This design assumes the proposed wells will have a specific capacity of 1 gallon of water per foot of 

drawdown.  Once the wells are completed and the actual well pump data is obtained, this design should 

be reevaluated and potentially modified.  

2 PROPOSED FACILITIES 

The proposed facilities are designed to provide supplemental water to the communities of Hurley, Bayard, 

Santa Clara, and Silver City.  A list of the major facilities is provided below:  

 Two deep water wells with submersible pumps 

 One two-room chlorination pumphouse located near the well site 

 One 850,000-gallon water storage tank 

 One booster pump station  

 Solar Radio Telemetry at the tank site to operate the submersible pumps 

 Valve vaults at four community locations 

 24,800 LF of 12-inch C-900 Water Pipe ( DR 14) 

 56,988 LF of 12-inch C-900 Water Pipe (DR 18) 

The general operation of the proposed facilities will involve pumping groundwater, from the proposed 

wells near the airport, through the chlorination pumphouse and to a proposed water storage tank located 
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just north of Hurley (see System Schematic map in Appendix A).  The Hurley community will tee into the 

transmission line upstream of the tank connection. Variable speed booster pumps will then boost water 

from the tank north to the three remaining communities.  Water pressure at Hurley will be determined 

by the elevation of water in the water storage tank.  The other three communities will be provided with 

water at a nearly constant pressure from the booster station.   

The four community tie-in locations will each be provided with a concrete vault containing a water meter, 

and a multifunctional valve providing flow control, check valve features, and pressure reduction (if 

needed). 

3 WATER SUPPLY AND DEMAND 

 

The total water allocation (amount of water allowed to be pumped from the proposed wells) for the four 

communities is presented in Table 3.1.  The maximum community allocations and pressures are presented 

in Table 3.2. 

Table 3.1 Total Water Allocation  

Acre Foot Per  Year Gallons Per Day 

(gpd) 

Gallons Per Minute 

(pumping 24 hours/day) 

Gallons Per  Minute 

(pumping 12 

hours/day) 

943.2 841,500 584 1,168 

 

Table 3.2 Maximum Allocations and Minimum Pressures Requirements 

Community Name 12-hour Allotment/Flow 

Rate (gpm)* 

Required Pressure (psi) 

Hurley  240 25 

Bayard 122 140 

Santa Clara  136 91 

Silver City  670 80 

Total Allotment/Demand 1,168  

*Based on providing daily allotment in 12 hours  

Based on the well information provided by Balleau Groundwater, Inc., it is assumed that each well will 

provide approximately 300 gpm at a drawdown of 300 ft.  At a pumping rate of 300 gpm, both wells will 

be required to pump nearly 24 hours straight to produce the full distribution allocation of 840,960 gpd.  

Pumps are ideally designed to pump a maximum of 12 hours per day. 

With both pumps operating at 300 gpm, the TDH required to fill the water storage tank to the overflow 

elevation was determined to be 985 ft.  A pump was selected that can meet this TDH and flow 



- 4 - 
 

requirement.  The selected pump, a Grundfos model 475S1250-13, requires a 125 HP motor.  The pump 

curve for this pump is used in both wells in the hydraulic model and can be seen in Appendix A. 

To operate two separate 125 HP pumps for 24 hours straight will require approximately 4,474 kWh of 

power usage each day. 

4 WATER STORAGE 

The elevation difference in the proposed system is too great to be able to pump water directly from the 

wells all the way up to Silver City (while maintaining the 80psi required pressure).  The pressure at low 

areas in the transmission line would exceed 370 psi.  A water storage tank was added to break the system 

up into two pressure zones.  

The proposed location of the tank can be seen on the system schematic sheet.  The base of the water 

storage tank should be placed at a minimum elevation high enough assure filling of the Hurley Water 

Storage Tank.  And low enough that the total dynamic head on the pumps stays below 1,000 ft. so that a 

higher horsepower submersible pump is not required. The Hurley Water Storage Tank overflow elevation 

is believed to be 5798 ft.  Table 4.1 shows the tank elevations used in this design. The tank base elevation 

could be lowered another 20 ft or so and still provide pressures capable of filling the Hurley tank.  

The water tank was sized to equal the daily water allotment allowed for the system.  This size will allow 

the tank to fill (from the proposed groundwater wells) over a 24-hour period, while providing an adequate 

reservoir to meet the daily community allotments in the higher pressure zone over a 12-hour period.   

The proposed tank dimensions used in the model and for the cost estimate are shown in Table 4.1. The 

tank height was selected based on ease of construction and related cost savings. 

 Table 4.1 Proposed Tank  

Tank Capacity 

(gal.) 

Base Elevation (ft.) Overflow Elevation 

(ft.) 

Height (ft.) Diameter (ft.) 

840,000 5,840 5,872 32  67 

 

5 BOOSTER STATION 

The booster pump station was designed to produce the daily allotment of water for Santa Clara, Bayard, 

and Silver City in 12 hours, pumping at a rate of 928 gpm.  At this rate, the TDH at the pumps will be 

approximately 500 ft.  

Using a booster station with variable speed pumps is proposed because it eliminated the need and cost 

for an additional water storage tank.  Variable frequency drives continually adjust the pump drive shaft 

rotational speed in order to maintain pressure and flow requirements so that an additional water storage 

tank, to maintain system pressures, is not needed in the higher pressure zone.  
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The proposed booster station will consist of two large pumps, each capable of providing the daily water 

allotment to the three communities in fewer than 24 hours, and a third pump to handle small flows under 

100 gpm.  The booster pumps will be housed in a prefabricated metal building that will also house all 

required pumping controls and valving for the system.  The metal building will have dimensions of 

approximately 30 ft. by 10 ft. 

The proposed pumps are Grundfos CR 120-5-2 (2) and CR(E)20-10 (1). Pump Curves are shown are shown 

in Appendix A.  

6 WATER TREATMENT 

Because the community of Hurley receives water upstream of the booster station, chlorination will have 

to take place at the pumphouse near the wells. The level of chlorination residual required at each 

allocation point was not given; therefore, the cost estimation for the chlorination system was based on 

the following criteria: 

 Flow rate 600 gpm (24 hours per day)  

 Flow sensor to shut off dosing pump  when pumps are not running 

 Use of liquid chlorine solution of 12.5% Hypochlorite 

 Archival rate of  1 ppm chlorine (requires about 6.9 gallons of chlorine per day) 

 Two-room pumphouse with separate room for submersible pump controls – metal exterior 

 Proposed pumps of 475S1250-13 (125 HP)  

 Pumps able to run simultaneously and in an alternating lead-lag configuration 

 Controls to turn the pump off and on, based on radio signal sent from telemetry system 

 Eye wash station 

 Hand wash sink 

7 TRANSMISSION LINE 

The transmission line was sized to reduce head loss in the pipe.  An ideal pipe velocity of 2 ft/s  and a 

maximum pipe velocity of 5 ft/s was used as a general guide to size the line.  Based on these guidelines, a 

transmission line size of 12-inch is proposed.  Most of the transmission line has high pressures so DR 18 

and DR 14 C900 pipe will be required. Section 8.5 (Minimum Dynamic Results) discusses transmission line 

design concerns in more detail.  

8 HYDRAULIC MODELING  

8.1 THE HYDRAULIC MODEL  
The hydraulic model of the system was completed using Bentley WaterGEMS V8i software. 

Hydraulic modeling input and results for this project can be found in Appendix and Appendix B 

respectively. Appendix C provides the hydraulic grade line for the project and the elevation 

profiles. 
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The model represents two separate wells with submersible pumping systems. Each pumping 

system has a design capacity of 300 gpm.  Each pumping system is modeled using a reservoir with 

a surface elevation equal to the static water level of the well (approximately 200 ft. below ground 

level [bgl]).  General purpose valves were used to simulate drawdown conditions equal to 1 ft of 

drawdown per 1 gallon of water pumped. The pumps were installed at a depth of 650 ft. bgl. The 

pumping water level of the wells at 300 gpm is assumed to be 500 ft. bgl. It was assumed the 

pump screen will start in the well at 700 ft. bgl. Standard pumps were used with Grundfos model 

475S1250-13 pump curves.  Each pump requires a 125 HP motor.  Pump Curve information is 

provided in Appendix A. 

The system has one water storage tank that is fed by the wells.  The water storage tank has a base 

elevation of 5,840 ft., and the tank capacity is approximately equal to one day’s system demand 

(840,000 gallons). The tank level controls the on/off pattern of the well pumps.  The pumps kick 

on when the tank water level is 10 ft. below the overflow elevation and are shut off when the 

water level is 1 ft. below the overflow elevation. The tank, pump, and control information is 

provided in Appendix A. 

There is one system demand (J-Hurley Demand) located between the wells and the water storage 

tank.  The pressure at that node will be determined by the water storage tank’s hydraulic grade 

line (HGL).  The remaining three demands are located at elevations above the water storage tank, 

and they will be fed through a booster station located north of the water storage tank (see 

Appendix A for a schematic of the system and Appendix C for the HGL of the system). The booster 

pumps are modeled as variable speed pumps with a fixed head.  The variable frequency pumps 

used in the simulation are Grundfos CR120 5-2s.  WaterCAD requires that all pumps placed in 

parallel have the same pump curve; Therefore, the smaller pump was not modeled. The fixed 

head required is 6,278 ft. at the Silver City Connection Junction. This fixed head elevation will 

result in a pressure of 80 psi at the Silver City Junction.  

There are four water allocation/discharge locations on the model.  These allocation locations are 

modeled as junction with demands. The model demand junctions and elevations are listed in 

Table 8.1.   
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Table 8-1 List of Junctions with Demands    

Junction Name Junction Elevation 12 hour 

Allotment/Demand 

Rate (gpm)* 

Required 

Pressure(psi) 

J-Hurley Demand 5,774.00 240 25 

J-Bayard Demand 5,832.50 122 140 

J-Santa Clara Demand 6,060.00 136 91 

J-Silver City Demand 6,094.00 670 80 

Total 

Allotment/Demand 

  

1168 

 

*Based on providing daily allotment in 12 hours  

The system pressure requirements for the model are also presented in Table 8.1.  The uses a 

hydrograph pattern to model the daily water allotment in 12 hours. The junction reports and 

schematics in Appendix A show where the system demands (water allotments) are represented 

on the map.  

The 12-inch transmission line was modeled using the actual inside diameters for the pressure class 

of pipe used.  C900-DR 14 (Pressure Class 305) has an inside diameter of 11.2 –inches and C900-

DR-18 (Pressure Class 235) has an inside diameter of 11.65 inches. 

8.2 SCENARIOS AND ANALYSIS CONDITIONS 
 

The scenarios and associated analysis conditions used in this hydraulic analysis are shown in Table 

8.2. 

Table 8.2 Analysis Conditions 

Scenario Demand (GPH) Tanks (%) Pump Pattern 

 

Maximum Static* Hurley Demand Off  100 All pump On Fixed 

Minimum 

Dynamic* 1,168 gpm 80 

Submersibles Off 

Variable Sped On Fixed 

 

Extended Period 

1,168 gpm for 12 

hours per day ---- ---- Hydrograph 

 

8.3 DESIGN CRITERIA 
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The system was not designed for fire flows or system storage; it was designed as a supplementary 

water supply for four communities. The basic design criteria shown in Table 8.3 was used to 

evaluate the system’s ability to provide a safe and reliable supply of water.   

Table 8.3 Design Criteria 

Parameter Non-Fire Flow 

 Ideal Max Min 

Pipe Pressures (psi) 
 
Less than 265 psi 305 20 

Velocities (ft/s) 2 ft/s 5 -- 

Tank Cycling 1 day turnover 5-day turnover 12-hr turnover 

Pump Cycling 12 hr per day  24 hrs -- 

 Required   

J-Hurley Demand 240 gpm 25 psi 
 

  

J-Bayard Demand 122 gpm 140 psi 
 

  

J-Santa Clara Demand 136 gpm 91 psi 
   

J-Silver City Demand 670 gpm 80 psi 
 

  

 

8.4 MAXIMUM STATIC RESULTS 
The maximum static analysis was conducted to identify areas of high pressure. This scenario 

produced the highest system pressures. The WaterCAD maximum static junction report is 

displayed in Appendix B. A pressure profile for the system is provided in Appendix C.  

The system’s highest pressure is 258 psi at junction 56.  As can be seen on the pressure profile, 

this junction is located at a low point downstream from the booster pump station.  The high 

pressure is still within our design criteria and within the pressure allowance for C900 DR 14 pipe.  

There are several areas where high pressures are experienced due to the high pressure needs of 

the communities.  All areas experiencing pressures greater than 200 psi will have C900 DR 14 pipe.  

The minimum pressure requirements for all of the communities were met or exceeded during this 

scenario run.     

8.5 MINIMUM DYNAMIC RESULTS 
The minimum dynamic analysis was conducted to analyze areas that may experience 

unacceptably low pressures or high pipe velocities during normal system operation. Pipe velocity 

is directly related to frictional headloss and is a very important consideration in pipe design. The 

junction report for this scenario are presented in Appendix B.  

The system’s lowest pressure is seen at the tank base and disregarded because that pressure will 

always be low.  The next lowest pressure is 25.5 psi at J-58.   This junction is directly upstream of 

the water storage tank.  This pressure meets the 20 psi minimum pressure design criteria. 
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All junctions in this scenario were within the design criteria limits, and all minimum system 

pressures at the demand junctions were met.   

A minimum dynamic pipe report is also included in Appendix B.  The pipe report shows the head 

losses and the velocities in each of the system’s pipes. The pipe report shows that all pipe 

velocities were below the design criteria of 5 ft/s.  The greatest pipe velocity experienced in the 

system was 3.02 ft/s. This velocity is experienced in pipes 44-56. These pipes are located 

downstream of the booster pump station and before the Bayard demand junction. The velocity 

decreased to 2.62 ft/s after the Bayard demand junction.  Although pipe velocities of 3 ft/s are 

well within the maximum design criteria, it can be seen from the pipe report that large headlosses 

are still occurring due to the quantity of pipe required. If flows greater than what are listed in 

Table 8.2 are considered larger pipes should be considered to reduce headlosses.    

8.6 EXTENDED PERIOD RESULTS 
The extended period simulation provides information on how well the overall system will 

perform.  It is used to ensure that the system will operate within the design criteria and over an 

extended period of time (72 hours for this model).  The extended period scenario uses controls 

that operate the submersible pumps based on tank level in the water storage tank.  Results for 

the extended period scenario are provided in the form of graphs in Appendix C.   

Extended period graphs have been included for pump operation, tank operation, and pressure at 

the Silver City junction (maintaining approximately 80psi of pressure at the Silver City Junction 

was a critical design factor). These graphs present the following information about the system:  

 The tank completes one filling and draining cycle, with complete water turnover, in 24 

hours 

  The booster pumps are apple to maintain design pressures in the upper pressure zone 

for the full 72 hour duration. 

 The submersible pumps run nearly continuously 

 The Silver City Junction has a pressure fluctuation of only 2 psi.  

 

All extended period design criteria were met, except for the long submersible pump runs.  The 

model’s wells are based on a specific well capacity of 1 ft/s.  If higher specific capacities are 

realized after the wells are drilled, the pumping run times for the submersible pumps will 

decrease.   



 
 
 
Appendix A 

 



Scenario:  Extended Period
Active Scenario:  Extended Period
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Active Scenario:  Base
Pipe Schematic
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Active Scenario:  Base
Junction Schematic

J-9
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FlexTable: Pipe Table

Current Time:  0.000 hours

Hazen-
Williams 

C

MaterialLength
(ft)

Diameter
(in)

Label

150.0PVC48210.0P- Hurley
150.0PVC1,58810.0P-6
150.0PVC14,93511.7P-10
150.0PVC4,35911.7P-20
150.0PVC4,68711.7P-30
150.0PVC1,84511.7P-35
150.0PVC1,08211.7P-36
150.0PVC76111.7P-40
150.0PVC2,30511.7P-42
150.0PVC77211.2P-44
150.0PVC1,99311.2P-50
150.0PVC1,54511.2P-51
150.0PVC3,49211.2P-52
150.0PVC1,51511.2P-53
150.0PVC1,85111.2P-54
150.0PVC50511.2P-55
150.0PVC1,84311.2P-56
150.0PVC2,43011.2P-57
150.0PVC1,35311.2P-58
150.0PVC3,29111.2P-59
150.0PVC4,48211.7P-61
150.0PVC3,61111.7P-62
150.0PVC1,81811.7P-63
150.0PVC3,02211.7P-65
150.0PVC1,49911.7P-67
150.0PVC2,24711.7P-69
150.0PVC2,09611.7P-71
150.0PVC4,89911.7P-73
150.0PVC2,14911.7P-74
150.0PVC8,16011.7P-75
150.0PVC7,55611.7P-76
150.0PVC1020.0P-77
150.0PVC1020.0P-83
140.0Steel1006.0P-85
140.0Steel5506.0P-86
140.0Steel1006.0P-87
140.0Steel5506.0P-88
150.0PVC1,61710.0P-94
150.0PVC32810.0P-95
150.0PVC82011.2P-100
150.0PVC25911.7P-106
150.0PVC48311.7P-107
150.0PVC49111.7P-108
150.0PVC84811.2P-109
150.0PVC2,04411.7P-112
150.0PVC208.0P-Bayard
150.0PVC208.0P-Santa Clara
150.0PVC2010.0P-Silver City
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FlexTable: Junction Table

Current Time:  0.000 hours

Demand
(gpm)

Elevation
(ft)

Label

05,768.00J-9
05,417.00J-10
05,608.00J-20
05,645.00J-30
05,715.00J-35
05,735.00J-40
05,815.00J-55
05,754.00J-56
05,795.62J-58
05,801.40J-59
05,780.00J-60
05,955.00J-63
05,961.00J-65
05,843.00J-67
05,897.00J-70
05,848.00J-80
05,898.00J-85
05,912.00J-90
06,000.00J-95
05,980.00J-110
06,090.00J-120
06,027.00J-130
06,070.00J-140
06,025.00J-150
06,135.00J-160
06,030.00J-170
06,075.00J-180
05,832.50J-Bayard

1225,832.50J-Bayard Demand
05,755.00J-Hurley

2405,798.00J-Hurley Demand
06,060.00J-Santa Clara

1366,060.00J-Santa 
ClaraDemand

06,094.00J-Silver City
6706,094.00J-Silver City Demand

05,838.26J-Tank Base
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FlexTable: Pump Table

Current Time:  0.000 hours

Hydraulic Grade 
(Suction)

(ft)

Pump DefinitionElevation
(ft)

LabelID

5,217.00475S1250-134,767.00PMP-1166
5,217.00475S1250-134,767.00PMP-2169
5,869.55CR120-5-25,835.00PMP-Booste Pump 2274
5,869.55CR120-5-25,835.00PMP-Booster 1297

Control VariableControl NodeStatus (Initial)Pump Head
(ft)

Flow (Total)
(gpm)

Hydraulic Grade 
(Discharge)

(ft)

Speed<None>On995.433106,212.43
Speed<None>On995.433106,212.43
SpeedJ-Silver CityOn489.844646,359.39
SpeedJ-Silver CityOn489.844646,359.39

Downstream 
Pipe

Diameter (Pump 
Valve)
(in)

Controlled?Is Variable 
Speed Pump?

Hydraulic Grade 
(Target)

(ft)

Energy Usage 
(Daily)
(kWh)

P-850.0TrueFalse0.00(N/A)
P-870.0TrueFalse0.00(N/A)
P-1008.0FalseTrue6,278.00(N/A)
P-1090.0FalseTrue6,278.00(N/A)

Peak Power
(kW)

Is Closed?Is Active?Head (Shutoff)
(ft)

(N/A)FalseTrue1,310.00
(N/A)FalseTrue1,310.00
(N/A)FalseTrue610.00
(N/A)FalseTrue610.00
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FlexTable: Tank Table

Current Time:  0.000 hours

Diameter
(ft)

Volume 
(Inactive)

(gal)

Elevation (Base)
(ft)

ZoneLabelID

40.000.006,290.00<None>T-1164
67.000.005,840.00<None>T-Single Tank193

Demand CollectionPercent Full
(%)

Flow (In net)
(gpm)

Level 
(Calculated)

(ft)

Elevation
(ft)

Hydraulic Grade
(ft)

<Collection: 0 items>(N/A)(N/A)(N/A)6,290.00(N/A)
<Collection: 0 items>96.9-54831.005,840.005,871.00

Elevation 
(Minimum)

(ft)

Elevation 
(Maximum)

(ft)

Elevation 
(Initial)

(ft)

Is Active?

6,290.006,310.006,300.00False
5,840.005,872.005,871.00True
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Logical Control Set - 1

Element Details

252ID Notes
Logical 

Control Set - 
1

Label

Logical Control
IF T-Single Tank Hydraulic Grade < 5,862.00 ft THEN PMP-1 Pump Status = On
IF T-Single Tank Hydraulic Grade >= 5,870.00 ft THEN PMP-1 Pump Status = Off
IF T-Single Tank Hydraulic Grade < 5,862.00 ft THEN PMP-2 Pump Status = On
IF T-Single Tank Hydraulic Grade >= 5,870.00 ft THEN PMP-2 Pump Status = Off
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Pump Definition Detailed Report:  475S1250-13

Element Details

179ID Notes
475S1250-13Label

Pump Definition Type

Standard (3 
Point)Pump Definition Type ft1,010.00Design Head

gpm0Shutoff Flow gpm650Maximum Operating Flow
ft1,310.00Shutoff Head ft380.00Maximum Operating Head
gpm300Design Flow

Pump Efficiency Type

Best 
Efficiency 

Point
Pump Efficiency Type

%100.0Motor Efficiency

%100.0BEP Efficiency FalseIs Variable Speed Drive?
gpm0BEP Flow

Transient (Physical)

lb·ft²0.000Inertia (Pump and Motor) SI=25, 
US=1280Specific Speed

rpm0Speed (Full) TrueReverse Spin Allowed?

Graph

H
ea

d 
(f

t)

1,500.00

1,375.00

1,250.00

1,125.00

1,000.00

875.00

750.00

625.00

500.00

375.00

250.00

125.00

0.00

Pum
p Efficiency (%

)

120.0

100.0

80.0

60.0

40.0

20.0

0.0

Flow (gpm)
800750700650600550500450400350300250200150100500
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Pump Definition Detailed Report:  CR(E)20-10

Element Details

290ID Notes
CR(E)20-10Label

Pump Definition Type

Standard (3 
Point)Pump Definition Type ft450.00Design Head

gpm0Shutoff Flow gpm150Maximum Operating Flow
ft700.00Shutoff Head ft360.00Maximum Operating Head
gpm140Design Flow

Pump Efficiency Type

Best 
Efficiency 

Point
Pump Efficiency Type

%100.0Motor Efficiency

%100.0BEP Efficiency FalseIs Variable Speed Drive?
gpm0BEP Flow

Transient (Physical)

lb·ft²0.000Inertia (Pump and Motor) SI=25, 
US=1280Specific Speed

rpm0Speed (Full) TrueReverse Spin Allowed?

Graph

H
ea

d 
(f

t)

750.00

687.50

625.00

562.50

500.00

437.50

375.00

312.50

250.00

187.50

125.00

62.50

0.00

Pum
p Efficiency (%

)

120.0

100.0

80.0

60.0

40.0

20.0

0.0

Flow (gpm)
1701601501401301201101009080706050403020100
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Pump Definition Detailed Report:  CR120-4

Element Details

291ID Notes
CR120-4Label

Pump Definition Type

Standard (3 
Point)Pump Definition Type ft490.00Design Head

gpm0Shutoff Flow gpm700Maximum Operating Flow
ft560.00Shutoff Head ft390.00Maximum Operating Head
gpm460Design Flow

Pump Efficiency Type

Best 
Efficiency 

Point
Pump Efficiency Type

%100.0Motor Efficiency

%100.0BEP Efficiency FalseIs Variable Speed Drive?
gpm0BEP Flow

Transient (Physical)

lb·ft²0.000Inertia (Pump and Motor) SI=25, 
US=1280Specific Speed

rpm0Speed (Full) TrueReverse Spin Allowed?

Graph

H
ea

d 
(f

t)

625.00

562.50

500.00

437.50

375.00

312.50

250.00

187.50

125.00

62.50

0.00

Pum
p Efficiency (%

)

120.0

100.0

80.0

60.0

40.0

20.0

0.0

Flow (gpm)
1,2001,1001,0009008007006005004003002001000
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Pump Definition Detailed Report:  CR120-5-2

Element Details

311ID Notes
CR120-5-2Label

Pump Definition Type

Standard (3 
Point)Pump Definition Type ft500.00Design Head

gpm0Shutoff Flow gpm700Maximum Operating Flow
ft610.00Shutoff Head ft440.00Maximum Operating Head
gpm470Design Flow

Pump Efficiency Type

Best 
Efficiency 

Point
Pump Efficiency Type

%100.0Motor Efficiency

%100.0BEP Efficiency FalseIs Variable Speed Drive?
gpm0BEP Flow

Transient (Physical)

lb·ft²0.000Inertia (Pump and Motor) SI=25, 
US=1280Specific Speed

rpm0Speed (Full) TrueReverse Spin Allowed?

Graph

H
ea

d 
(f

t)

625.00

562.50

500.00

437.50

375.00

312.50

250.00

187.50

125.00

62.50

0.00

Pum
p Efficiency (%

)

125.0

112.5

100.0

87.5

75.0

62.5

50.0

37.5

25.0

12.5

0.0

Flow (gpm)
2,2002,0001,8001,6001,4001,2001,0008006004002000
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FlexTable: Junction Table
Active Scenario:  Max Static

Current Time:  0.000 hours

Pressure
(psi)

Hydraulic Grade
(ft)

Demand
(gpm)

Elevation
(ft)

Label

46.85,876.2505,768.00J-9
209.35,900.7005,417.00J-10
120.75,886.9605,608.00J-20
103.05,882.9505,645.00J-30
70.85,878.6505,715.00J-35
61.45,876.9505,735.00J-40

233.96,355.6105,815.00J-55
258.26,350.8905,754.00J-56
34.05,874.1305,795.62J-58

240.66,357.4405,801.40J-59
245.46,347.2305,780.00J-60
166.16,338.9505,955.00J-63
162.06,335.3705,961.00J-65
211.16,330.9805,843.00J-67
187.26,329.7805,897.00J-70
204.66,320.9805,848.00J-80
181.96,318.5105,898.00J-85
173.36,312.5005,912.00J-90
132.36,305.7506,000.00J-95
137.76,298.3705,980.00J-110
88.86,295.1406,090.00J-120

115.36,293.5306,027.00J-130
95.76,291.1306,070.00J-140

114.26,288.8806,025.00J-150
64.36,283.6406,135.00J-160

108.76,281.3406,030.00J-170
88.36,279.1606,075.00J-180

213.36,325.4105,832.50J-Bayard
213.36,325.411225,832.50J-Bayard Demand
52.55,876.2505,755.00J-Hurley
33.95,876.2505,798.00J-Hurley Demand

104.06,300.3106,060.00J-Santa Clara

104.06,300.311366,060.00J-Santa 
ClaraDemand

79.66,278.0006,094.00J-Silver City
79.66,277.966706,094.00J-Silver City Demand
13.95,870.4905,838.26J-Tank Base
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FlexTable: Junction Table
Active Scenario:  Min Daynamic

Current Time:  0.000 hours

Pressure
(psi)

Hydraulic Grade
(ft)

Demand
(gpm)

Elevation
(ft)

Label

37.05,853.5505,768.00J-9
189.15,854.0905,417.00J-10
106.55,854.0905,608.00J-20
90.55,854.0905,645.00J-30
60.25,854.0905,715.00J-35
51.55,854.0905,735.00J-40

232.06,351.3105,815.00J-55
256.46,346.5905,754.00J-56
25.55,854.4605,795.62J-58

238.76,353.1405,801.40J-59
243.66,342.9305,780.00J-60
164.36,334.6505,955.00J-63
160.16,331.0605,961.00J-65
209.36,326.6805,843.00J-67
185.46,325.4805,897.00J-70
202.86,316.6805,848.00J-80
180.16,314.2105,898.00J-85
171.46,308.2005,912.00J-90
130.46,301.4506,000.00J-95
135.96,294.0705,980.00J-110
86.96,290.8306,090.00J-120

113.56,289.2306,027.00J-130
93.86,286.8206,070.00J-140

112.36,284.5806,025.00J-150
62.46,279.3406,135.00J-160

106.96,277.0406,030.00J-170
86.56,274.8606,075.00J-180

211.46,321.1105,832.50J-Bayard
211.46,321.111225,832.50J-Bayard Demand
42.95,854.0905,755.00J-Hurley
24.05,853.392405,798.00J-Hurley Demand

102.16,296.0106,060.00J-Santa Clara

102.16,296.001366,060.00J-Santa 
ClaraDemand

77.76,273.7006,094.00J-Silver City
77.76,273.656706,094.00J-Silver City Demand
7.05,854.4905,838.26J-Tank Base
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FlexTable: Pipe Table
Active Scenario:  Min Daynamic

Current Time:  0.000 hours

Velocity
(ft/s)

Headloss 
Gradient

(ft/ft)

Headloss
(ft)

Has User 
Defined Length?

Flow
(gpm)

Hazen-
Williams 

C

MaterialLength
(ft)

Diameter
(in)

Label

0.980.0000.16False240150.0PVC48210.0P- Hurley
0.980.0000.53False240150.0PVC1,58810.0P-6
0.000.0000.00False0150.0PVC14,93511.7P-10
0.000.0000.00False0150.0PVC4,35911.7P-20
0.000.0000.00False0150.0PVC4,68711.7P-30
0.000.0000.00False0150.0PVC1,84511.7P-35
2.020.0011.16False670150.0PVC1,08211.7P-36
0.000.0000.00False0150.0PVC76111.7P-40
0.720.0000.37False-240150.0PVC2,30511.7P-42
3.020.0021.83False928150.0PVC77211.2P-44
3.020.0024.72False928150.0PVC1,99311.2P-50
3.020.0023.66False928150.0PVC1,54511.2P-51
3.020.0028.27False928150.0PVC3,49211.2P-52
3.020.0023.59False928150.0PVC1,51511.2P-53
3.020.0024.39False928150.0PVC1,85111.2P-54
3.020.0021.20False928150.0PVC50511.2P-55
3.020.0024.37False928150.0PVC1,84311.2P-56
2.620.0024.44False806150.0PVC2,43011.2P-57
2.620.0022.47False806150.0PVC1,35311.2P-58
2.620.0026.01False806150.0PVC3,29111.2P-59
2.430.0026.75False806150.0PVC4,48211.7P-61
2.430.0025.44False806150.0PVC3,61111.7P-62
2.020.0011.95False670150.0PVC1,81811.7P-63
2.020.0013.23False670150.0PVC3,02211.7P-65
2.020.0011.60False670150.0PVC1,49911.7P-67
2.020.0012.40False670150.0PVC2,24711.7P-69
2.020.0012.24False670150.0PVC2,09611.7P-71
2.020.0015.24False670150.0PVC4,89911.7P-73
2.020.0012.30False670150.0PVC2,14911.7P-74

(N/A)(N/A)(N/A)False(N/A)150.0PVC8,16011.7P-75
(N/A)(N/A)(N/A)False(N/A)150.0PVC7,55611.7P-76
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FlexTable: Pipe Table
Active Scenario:  Min Daynamic

Current Time:  0.000 hours

Velocity
(ft/s)

Headloss 
Gradient

(ft/ft)

Headloss
(ft)

Has User 
Defined Length?

Flow
(gpm)

Hazen-
Williams 

C

MaterialLength
(ft)

Diameter
(in)

Label

0.000.0000.00True0150.0PVC1020.0P-77
0.000.0000.00True0150.0PVC1020.0P-83
0.000.0000.00True0140.0Steel1006.0P-85
0.000.0000.00True0140.0Steel5506.0P-86
0.000.0000.00True0140.0Steel1006.0P-87
0.000.0000.00True0140.0Steel5506.0P-88
0.980.0000.54False-240150.0PVC1,61710.0P-94

(N/A)(N/A)(N/A)False(N/A)150.0PVC32810.0P-95
1.510.0021.94False464150.0PVC82011.2P-100
2.790.0020.51False928150.0PVC25911.7P-106
1.400.0020.94False464150.0PVC48311.7P-107
1.400.0020.94False464150.0PVC49111.7P-108
1.510.0021.94False464150.0PVC84811.2P-109
2.020.0012.19False670150.0PVC2,04411.7P-112
0.780.0000.01True122150.0PVC208.0P-Bayard
0.870.0000.01True136150.0PVC208.0P-Santa Clara
2.740.0020.04True670150.0PVC2010.0P-Silver City
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HGL-Elevation-Pressue

Base - Hydraulic Grade Base - Elevation Base - Pressure

El
ev

at
io

n 
(f

t)

6,350.00

6,300.00

6,250.00

6,200.00

6,150.00

6,100.00

6,050.00

6,000.00

5,950.00

5,900.00

5,850.00

5,800.00

5,750.00

5,700.00

5,650.00

5,600.00

5,550.00

5,500.00

5,450.00

Distance (ft)
80,00075,00070,00065,00060,00055,00050,00045,00040,00035,00030,00025,00020,00015,00010,0005,0000

Pr
es

su
re

 (
ps

i)

260.0
250.0
240.0
230.0
220.0
210.0
200.0
190.0
180.0
170.0
160.0
150.0
140.0
130.0
120.0
110.0
100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

J-10 J-20 J-30 J-35 J-40J-Hurley J-58T-Single TankJ-Tank BasePMP-Booste Pump 2
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Gila (Grant County) Water Utilization Alternative 
Environmental Compliance Work Plan  

Prepared by Blue Earth Ecological Consultants, Inc. 
for William J. Miller Engineers, Inc. 

 
 
Project Scope 
 
The proposed project is construction of an approximately 15.62-mile buried water pipeline and 
development of an associated 3.5-acre well field in Grant County, New Mexico (Figure 1).  Land 
ownership through the project area includes private, New Mexico Department of Transportation 
(NMDOT), Department of Defense administered by Gila National Forest, and Bureau of Land 
Management (BLM) - Las Cruces District. 
 
Approximately six miles of the pipeline would be located within the U.S. Highway 180 right of way.  The 
remaining 9.62 miles of pipeline and the well field would be located on private land. 
 
The six-mile segment of pipeline that is within the U.S. 180 right of way would include about 1.15 miles 
within the Fort Bayard Military Reservation (Department of Defense) that is administered by the U.S. 
Forest Service (USFS), Gila National Forest.  Another approximately 0.26 miles of pipeline within the 
U.S. 180 right of way is on federal land managed by the U.S. Bureau of Land Management (BLM), Las 
Cruces District. The remaining  4.59 miles along U.S. 180 are within the New Mexico Department of 
Transportation-owned right of way.  Application for permits or grants for use of the NMDOT, BLM, and 
USFS right of way will require environmental studies and reports in accordance with various federal and 
state laws and regulations. 
 
National Environmental Policy Act 
 
Proposed funding for this project would be provided by the U.S. Department of Agriculture Rural 
Utilities Service (RUS) as part of the Arizona Water Rights Settlement Act.  Thus, the National 
Environmental Policy Act (NEPA) regulations would apply to this federal-nexus project.  RUS 
requirements for NEPA for a water project that would serve more than 500 households requires 
preparation of an environmental assessment (EA).  Therefore, an EA will be prepared that will meet RUS 
requirements.  
 
In addition, lands managed by two federal agencies and one state agency would likely add more 
requirements to meet those agencies’ specific NEPA implementation regulations. For example, the two 
federal agencies may require their own NEPA document format be followed, which will entail editing and 
revising the RUS EA or preparation of separate documents to fulfill each agency’s requirements.  Each of 
the three agencies involved (BLM, USFS, and NMDOT) will, at the least, require review and approval of 
the NEPA document(s) produced.  
 
Figure 1.  Grant County water pipeline alignment. 
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Biological Survey and Report 
 
Blue Earth will conduct a biological field survey of the proposed well field and pipeline alignment 
(Figure 1).  The survey will be conducted to characterize vegetation and habitats in the project area and 
assess the potential for occurrence of species listed or proposed for listing under the federal Endangered 
Species Act.  Prerequisites for conducting the biological survey will be: 1) to have the well field and 
pipeline alignment marked in the field, and 2) to have access permission for private lands in the project 
area. 
 
 Potentially suitable habitat for several special-status species may potentially occur in the project area.  
These species include Black-footed Ferret (endangered) and Northern Aplomado Falcon (experimental 
non-essential population).  There are also several federal species of concern that may occur in the project 
area, including Baird's Sparrow and Western Burrowing Owl.  The potential impacts of well field and 
pipeline construction and maintenance on special-status species would be assessed in the biological 
report. 
 
The field survey would also include assessment of waters of the U.S. subject to section 404 of the Clean 
Water Act, which includes approximately 17 arroyo crossings in the project area.  The ordinary high 
water mark of jurisdictional waters within the pipeline corridor would be mapped in the field.  The 
occurrence of jurisdictional wetlands would also be assessed during the field survey.  Although unlikely, 
there may be small jurisdictional wetland areas associated with intermittent drainages.  Results of field 
determinations would be provided in the biological report.  This information would also be used in the 
section 404 permit application for the project. 
 
Important ecological features in the project area such as wetlands, ordinary high water mark boundaries in 
drainages crossed by the proposed pipeline, special habitat features, wetland boundaries, etc. would be 
mapped in the field using a Trimble GeoXT hand-held global positioning system (GPS) receiver.  Data 
would be post-processed to differentially correct coordinates for maximizing accuracy. 
 
Biological reports would be prepared to meet the standards of the various land management agencies.  
The NMDOT biological report and format standards of 17 January 2013 would be used for the report 
submitted to the NMDOT.  The biological report prepared according to the NMDOT format  may suffice 
for the BLM and USFS.  However, as with the EA, separate reports may need to be prepared for the BLM 
and USFS depending upon particular agency staff preferences. 
 
Culture Resource Survey and Report 
 
A cultural resource inventory will be conducted that will provide 100% coverage of the project area to 
identify and document prehistoric and historic archaeological sites and isolated occurrences, as well as 
historic structures and buildings located within the project area.  Prior to the archaeological survey, 
research will be conducted to determine what previous research has been conducted within the project 
area and vicinity (defined as a one-mile radius around the project area), and what archaeological sites and 
historic structures and buildings have been identified in these areas. Agency consultation will take place 
with the New Mexico Historic Preservation Division (HPD), the NMDOT, Grant County, the BLM, the 
Gila National Forest, and any other relevant agencies. Tribal consultation will be conducted in 
coordination with the NM HPD to notify potentially concerned native groups about the project and to 
identify any sensitive areas within the project area.  
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The proposed cost estimate for the Grant County waterline cultural resource survey assumes that the 
waterline survey width through the 9.6-mi cross-country portion of the project is 100 ft. As required by 
the NMDOT, the remaining 6-mi survey area within the highway right-of-way also includes 50 ft from 
the centerline, with a buffer of 100 ft at the beginning and end of the project area. For built environments, 
the survey includes lands within 50 ft of the right-of-way fenceline. Archaeological survey transect 
spacing shall meet HPD requirements of 50 ft apart. The project sponsor will obtain permission from 
private property owners to conduct the cultural resources inventory. Additionally, the project sponsor will 
provide detailed right-of-way maps and/or mark the project centerline on the ground. 
 
At this time, the project is not located within the boundary of the Fort Bayard National Historic Landmark 
and is not in the vicinity of any other properties currently included in the National Register of Historic 
Places or the New Mexico State Register of Cultural Properties. It is not anticipated that any historic 
buildings or structures will be encountered within the project area, but recording of historic properties 
adjacent to the right of way may be required by the various agencies whose lands are part of the US 180 
corridor.  Pithouse villages and associated prehistoric sites are numerous within the project vicinity and 
may be encountered in the project area, particularly through the 9.6-mi previously un-surveyed area of the 
project.  
      
The cultural resource inventory report will meet the standards of the various land management agencies. 
The 2013 NMDOT report and format standards will be used for the report submitted to the NMDOT and 
should suffice for the BLM and USFS.  
 
Permitting and Public Notification 
 
According to RUS requirements, a Notice of Availability of the EA for public comment will be published 
as well a notice of the Finding of No Significant Impact.  The BLM may require some effort at public 
participation through a scoping letter, meeting, or other method as part of the NEPA process. 
 
U.S. Fish and Wildlife Service authorities relevant to the project include the Endangered  Species Act and 
Migratory Bird Treaty Act.  The biological report prepared for the project would result in determinations 
of effects to species that are candidates or proposed for listing or that are listed as endangered or 
threatened under the Endangered Species Act and designated critical habitat for listed species.  If the 
report concludes that the proposed project may affect candidate, proposed, or listed species, section 7 
consultation with the U.S. Fish and Wildlife Service must be initiated by the federal action agency or its 
designated representative.  Preliminary review indicates that the proposed project is unlikely to have any 
effects in candidate, propsoed or listed species or designated critical habitat.  Similarly, the biological 
report would address potential effects to nesting migratory birds pursuant to the Migratory Bird Treaty 
Act.  The Migratory Bird Treaty Act requires a permit from the U.S. Fish and Wildlife Service if nesting 
migratory birds are physically impacted by the proposed project.  Preliminary review indicates that this is 
unlikely, and that any potential effects to migratory nesting birds could be avoided by carefully planning 
the construction schedule. 
 
New Mexico Environment Department authorities relevant to the proposed project include water quality 
certification under section 401 of the Clean Water Act, groundwater discharge permitting for the Silver 
City wastewater treatment facility (WWTF), and joint authority with the U.S. Environmental Protection 
Agency for the National Pollutant Discharge Elimination System (NPDES) permit for the Silver City 
WWTF discharge into Vicente Arroyo (permit no. NM0020109).  The current groundwater discharge 
permit (permit no. 35) for the Silver City WWTF may require modification to accomodate an increase in 
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discharge from the facility resulting from the proposed project.  Modification would be handled through 
the Ground Water Quality Bureau.  Similarly, the NPDES permit for the Silver City WWTF may also 
need to be amended if an increase in discharge would occur with the project.  Such an amendment would 
be handled through the Surface Water Quality Bureau - Point Source Regulation Section.  Clean Water 
Act section 401 certification from the Surface Water Quality Bureau would need to be requested via a 
joint 404/401 permit application (see discussion below of U.S. Army Corps of Engineers permitting).  
The requirements of the Environmental Protection Agency's NPDES Construction General Permit would 
need to be met, which involves preparation of a Stormwater Pollution Prevention Plan (SWPPP) and 
electronic filing of a Notice of Intent (NOI). 
 
An application for Clean Water Act section 404 authorization of dredge and fill activities in waters of the 
U.S. would need to be made to the U.S. Army Corps of Engineers, Albuquerque District Regulatory 
Branch.  The application would need to include the types, areas, and volumes of fills placed below the 
ordinary high water mark in waters of the U.S., which includes jurisdictional wetlands and certain 
intermittent drainages.  Waters of the U.S. in the project area, and ordinary high water marks of those 
water bodies, would be determined through the biological survey and reporting component. 
 
Pursuant to the Grant County Floodplain Ordinance a development permit is required from the Grant 
County Floodplain Administrator (the County Manager) before construction or development begins 
within any Special Flood Hazard Area (SFHA).  SFHAs are the land area covered by floodwaters of the 
base flood and is the area where the National Flood Insurance Program's (NFIP's) floodplain management 
regulations must be enforced. The SFHA includes Zones A, AO, AH, A1-30, AE, A99, AR, AR/A1-30, 
AR/AE, AR/AO, AR/AH, AR/A, VO, V1-30, VE, and V.  Flood maps covering the project area are: 
35017C1275E (well field and south portion of pipeline), 35107C1260E (Hurley area), 35017C1019E 
(Bayard area), 35017C1017E (Ft. Bayard area), 35017C1018E (Santa Clara area), 35017C1016E (US 180 
west of Ft. Bayard), 35017C1015E (Arenas Valley area), and 35017C1011E (US 180 east of Silver City).  
The development permit form must be requested from the Floodplain Administrator.  Information 
required for the permit application includes elevations of the pipeline and ground surface through the 
SFHA, depth of pipe burial and any measures to protect the pipe from erosion or scour, pipe 
specifications, and a description of any proposed alterations of drainages at crossing sites. 
 
The NMDOT Environmental Development Section has a written process for receiving environmental 
clearance for undertakings within their right of way (see attached).  When the proper biological and 
cultural resource studies and reports are submitted and approved along with the required NEPA document 
(in this case, the RUS EA will suffice), the applicant may apply for a Utility Accommodation Permit 
through their Right of Way Bureau. 
 
Obtaining a grant to use the BLM right of way begins with contacting a realty specialist in the appropriate 
BLM office, in this case, the Las Cruces District, completing Standard Form 299 “Application for 
Transportation and Utility Systems and Facilities on Federal Lands”, and participating in a pre-application 
meeting with the BLM to determine what information will be required for the specific application.  Once 
all of the proper documentation is obtained, including the environmental studies and reports, application 
for the grant may be made.  See attached brochure for additional details.  The process is similar for the 
USFS and would be made through the Gila National Forest Supervisor’s Office in Silver City. 
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Report on 
Investigation into the Hydrology of 

San Vicente Arroyo near Silver City, NM 

I. Executive Summary 
 

 The drainage basin of the San Vicente Arroyo, which originates near of the Town of 

Silver City, is a significant hydrologic feature of the Mimbres Basin in southwest New Mexico.  

Estimates of the amount of natural recharge supplied by San Vicente Arroyo and its tributaries 

range between about 8,600 acre-feet per annum to about 13,000 acre-feet per annum.  The San 

Vicente Arroyo is controlled by a major structural feature, the Mangas Trench, where the 

underlying aquifer deepens. 

 The Town of Silver City obtains its water supply from the major aquifer in the Mangas 

Trench, the Gila Conglomerate.  All existing well fields penetrate the Gila Conglomerate aquifer 

near the continental divide and two permitted wells are proposed to be drilled near the Grant 

County Airport that would provide water for a regional water system.  The two new wells would 

also penetrate the Gila Conglomerate aquifer but will not produce the same quantities of water as 

the existing wells because this aquifer is less productive near the Airport site. 

 The Town of Silver City waste water treatment plant has discharged treated effluent into 

San Vicente Arroyo at its current location since 1977.  The Town’s waste water treatment plant 

also supplies treated effluent for the irrigation of a golf course and irrigated farm lands located 

along San Vicente Arroyo near the waste water treatment plant.  Most of the treated effluent 

discharged during the summer months is delivered to the golf course and irrigated farm land.  

The treated effluent discharged into San Vicente Arroyo during the winter months has recharged 

the upper part of the Gila Conglomerate aquifer, and the Town has made application with the 

NMOSE to receive credit for this recharge.  The groundwater credit, if approved, would offset 

the increase in pumping at the proposed Grant County Airport well field from the permitted 

amount of 193.2 acre-feet to a total of 943.2 acre-feet per annum. 

 Seepage of treated effluent discharged into the San Vicente Arroyo would not recharge 

the cone of depression that has formed in the groundwater table at the existing City well fields, 

but this seepage will recharge the same aquifer that supplies the City wells and the proposed 

Airport wells.  A portion of the treated effluent discharged into the San Vicente Arroyo is water 

imported from the Gila-San Francisco Basin where the Franks well field is located. 
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II. Introduction	
 

This Report is to accompany the engineering and planning work for the Gila (Grant 
County) Water Utilization Alternative, including Well Field, Tanks and Piping Proposal (Tier 2 
Application) submitted by the Grant Count Water Commission to the New Mexico Interstate 
Stream Commission.  The purpose of this Report is to 1) review and critique previous studies 
and reports regarding the Town of Silver City treated effluent, the hydrology of the San Vicente 
Arroyo and the underground aquifer in this location, and 2) provide background information on 
the geology and hydrology of the San Vicente Arroyo area to the staff of the Interstate Stream 
Commission in order that they may be fully informed and prepared to advise the Interstate 
Stream Commission as to the feasibility of the proposed Project.  This Report was prepared as 
authorized by Task 3.1 of Work Order GR-13-1 dated January 15, 2013.  This Report supersedes 
the June 30, 2013 Report on San Vicente Arroyo Hydrology and Review of Studies and Reports 
Regarding Silver City Effluent Discharge. 

On April 5, 2013, the Town of Silver City filed an Application for Groundwater Credit 
with the New Mexico Office of the State Engineer (NMOSE).  The Application would authorize 
an increase in the permitted diversion of groundwater from two permitted wells near the Grant 
County Airport (Elevation 5,400 ft.) by up to 750 acre-feet per annum based on the recharge to 
the regional aquifer from treated effluent discharged to San Vicente Arroyo.  The two wells are 
located about two miles east from a point on San Vicente Arroyo that is about 6.5 miles 
downstream from the Town of Silver City waste water treatment plant (WWTP), at elevation  
5,600 ft.  The application requests a linear increase in the diversion amount from zero up to 750 
acre-feet per annum over a 40-year period, or an average annual diversion of 375 acre-feet per 
annum. 

III. Previous	investigations	
 

Several investigations on the regional hydrogeology and groundwater development in the 
Mimbres Basin have been carried out.  Reports on these previous investigations were reviewed 
in the preparation of this Report and are discussed below (as summarized by Sheng, 2013). 

1. Koopman and others (1969) introduced the concept of “critical pumping level”.  The 
critical pumping level in a well was arbitrarily defined as the depth at which one-half of 
the saturated thickness of the aquifer penetrated by the well (the initial water column) 
remains.  The results of analytical method indicated that decline of groundwater levels to 
the critical level was imminent at several of Silver City’s wells as results of continued 
pumping based on demand projections and operational assumptions.  They recommend 
limiting production at existing well fields and developing new wells and well fields to 
extend the useful life of existing wells.  The population projections of the Silver City 
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water service area contained in this Report over-predicted the actual population levels 

experienced in the Silver City area. 

2. Trauger (1972) studied the occurrence of groundwater and water uses in Grant County. 

He determined principal aquifers and general chemical character of groundwater 

available for development, and assessed surface water and groundwater development at 

that time and potential for future development. The report included descriptive records of 

1,724 wells test holes, and shafts, 45 springs or spring groups driller’s logs, chemical 

analysis of 224 samples for ground and surface water and other records. It was concluded 

that adequate water supplies for existing and probable growth needs of communities and 

mining industries are available in the upper part of the Gila Conglomerate aquifer and in 

the bolson fill with little detrimental impacts on the developed municipal, industrial or 

agricultural supplies.   

3. Based on additional data and addition of new wells, Trauger and others (1980) revised 

these earlier estimates made by Koopman and others (1969) using similar analytical 

methods. They found that Silver City’s wells could continue to pump for at least 20 years 

before the pumping groundwater levels declined to the critical pumping level. They also 

noted that development of new wells and well fields would extend the useful life of the 

existing wells.  

4. Gordon and others (1993) assessed groundwater level declines at each well field by 

assuming that water level would decline at the observed average annual decline rate and a 

well field would reach the end of its useful life when the shallowest well had less than 

200 feet of available water column remaining.  Their results showed that the remaining 

useful life of Silver City’s various wells and well fields would range from 28 to 57 years. 

The recommended alternatives include expanding and developing new well fields in the 

Mimbres Basin.  

5. Hawley et al. (2000) described trans-international boundary aquifers in southwestern 

New Mexico with a dedicated chapter on the Mimbres Basin. They presented information 

on  a conceptual hydrogeologic framework model, groundwater flow (recharge, storage 

and discharge), and groundwater quality in the Mimbres River Basin. The Mimbres 

system covers an area of about 4,360 mi
2
 in New Mexico and about 770 mi

2
 in 

Chihuahua, Mexico. The maximum thicknesses of fills in the deepest structural subbasins 

(San Vicente, Deming, Hermanas, and Florida) are in the range of 2,000 to 5,000 ft, 

which host major aquifers in the basin.   

6. Johnson et al. (2002) recommended a new criterion for a functional well, defined as a 

minimum water column of 100 feet, or 30 percent of the well’s initial water column 

(Driscoll, 1985), whichever was greater.  They compared drawdowns from historical 

pumping and from projected pumping to meet estimated water demands, calculated using 

a numerical model and then adjusted to estimate drawdowns in the wells to initial water 

columns in the wells.  
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7. Balleau Groundwater, Inc. (BGW, 2010) studied the treated effluent discharged from the 

Town’s WWTP into San Vicente Arroyo to determine the rate of recharge to the Gila 

Conglomerate aquifer by monitoring the extent of flow in the Arroyo bed and by 

subsurface monitoring.  By observing effluent discharge flow rates and by measuring the 

area of the concurrent surface flow in the Arroyo streambed, estimates of infiltration rates 

were made.  Infiltration rates were also studied at three sites by tracking moisture level 

and temperature of the treated effluent as it infiltrates below the streambed.  Data on 

background conditions were also recorded at the three sites.  This method, which BGW 

claims is well established, takes advantage of the fact that the temperature of the treated 

effluent is different that of the native groundwater.  The study found that all of the treated 

effluent discharged into San Vicente Arroyo recharged the Gila Conglomerate aquifer, 

except for vadose zone storage and one percent lost to evaporation.   

8. BGW (2011) used their Mangas Trench groundwater flow model to simulate the 

hydrologic effects of the proposed development of wells at the Grant County Airport and 

pumping of other existing wells in the area.  The groundwater flow model simulates 

groundwater level changes associated with new groundwater development in conjunction 

with return flow from the Town’s WWTP.  The Airport well pumping test performed by 

BGW in 2012 was not available at the time this investigation was undertaken.  The 

analysis concluded that projected water level declines at nearby wells are less than five 

feet and that groundwater development at the Grant County Airport is feasible. 

9. Cuddy and Keys (2011) developed a three-dimensional groundwater flow model of the 

Mimbres Basin for use in the administration of water rights.  This effort took advantage 

of improvements in computer software and hardware, along with the availability of 

additional hydrologic data, to improve the previous versions of the NMOSE 

administrative model.  The model is calibrated by adjusting the aquifer hydraulic 

properties to match observed water elevations.  The model is generally well calibrated to 

steady state water elevations.  Water levels are better simulated at locations away from 

the perimeter boundaries of the model.  The Silver City well fields are located very close 

to the model boundary.  The water level simulations in this area may not be reliable 

because the model applies a no-flow boundary at the Continental Divide and does not 

recognize the nature of the Gila Conglomerate aquifer at this location, which extends into 

the Gila-San Francisco Basin.  Cuddy and Keys state that a reliable estimate of recharge 

contributed from San Vicente Arroyo to the aquifer cannot be made due to the lack of 

data. 

10. BGW (2012a) technical memorandum on the Airport test well concludes that wells 

completed in the aquifer in this area have the potential for a specific capacity up to 1.0 

gallons per minute per foot of drawdown (gpm/ft) and a transmissivity of 270 ft
2
/day.  

These conclusions are based on zone testing and a 22-hour pumping test of a test well 

drilled to a depth of 1,000 ft into the Gila Group aquifer near the Grant County Airport.  

The well was pumped at a rate of 100 gallon per minute (gpm) for 22 hours.  The Report 
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recommended that production wells be drilled to a depth of 1,200 feet and completed 

with 12-inch diameter casing and at least 800 feet of screen.  

11. BGW (2012b) presents a hydrogeologic model simulating groundwater conditions within 

a major geologic feature known as the Mangas Trench.  The modeling approach involved 

creation of a three-dimensional structure of the aquifer system based on published data, 

incorporation of hydrologic parameters within a plausible range of values and operation 

of the model to solve for groundwater levels and flow components that make up the 

regional aquifer flow budget.  The model includes the Gila Conglomerate aquifer in the 

Gila-San Francisco underground water basin and it can be calibrated to measured surface 

water flow in the area of Mangas Springs and to independent estimates of groundwater 

flow in the Mimbres sub-basin.  The model is also calibrated to water levels and the 

historical trends of water-level change observed at the Town of Silver City well fields.  

IV. Soils and Geology 
 

Soil is the natural part of the earth’s surface capable of supporting plants and has 

properties reflecting the integrated influence of climate and plants on the parent material (e.g., 

weathered bedrock), and may be further influenced by topographic relief.  When soil material is 

transported by flowing water or streams and subsequently deposited, it is referred to as alluvium 

or alluvial deposits. 

The NRCS Soil Survey for Grant County (NRCS, 2008) shows that the predominate soil 

type found in the channel of San Vicente Arroyo extending from Silver City to about 3,000 feet 

downstream of the Town’s WWTP is the Manzano loam, which is described as well drained, 

clay loam soil with a moderate infiltration rate.  Beginning about 3,000 feet downstream of the 

City’s WWTP outfall, Riverwash is the predominate soil type, which is a gravelly sand with a 

high saturated hydraulic conductivity.  Figure 1 shows the location of soil types in the San 

Vicente Arroyo downstream of the Silver City WWTP where infiltration of discharged effluent 

occurs.   

Trauger (1972) reports that the thickness of the alluvium in tributary streams to the 

Mimbres River generally does not exceed 20 feet.  The thickness of the alluvium at the location 

of the three monitoring wells drilled by the town of Silver City near the WWTP ranges between 

18 feet and 46 feet. 
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Figure 1.  Soil types of San Vicente Arroyo downstream of WWTP 

The alluvium of the San Vicente Arroyo overlies the Gila Conglomerate aquifer 

formation (also referred to as the Gila Formation or the Gila Group).  The Gila Conglomerate 

aquifer has been subdivided into upper and lower members by Trauger (1972) to reflect the 

degree of consolidation and ability to transmit water, with the lower part yielding little water to 

wells and the upper part furnishing moderate to large amounts.  The upper Gila Conglomerate is 

poorly-consolidated and coarse grained composed of rocks that have eroded from the 

surrounding highlands.  Figure 2 is a geologic map showing the San Vicente Arroyo drainage 

area (modified from Hawley et al., 2000).  Figure 3 shows a geologic section.  
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Figure 2.  Geologic map of upper San Vicente Arroyo area 

 

Figure 3.  Cross section of geologic map 

 

The Mimbres Basin is at the intersection of the Basin and Range, southern Rio Grande 

Rift, and the southern Transition Zone physiographic regions.  The Mangas graben (or trench) is 

a dominant structural feature in the northern part of the Mimbres Basin.  The Mangas graben is 

bound to the northeast by the Treasure Mountain fault and to the southwest by the Burro 

(Mountains) uplift.  Basin fill reaches a maximum thickness of over 2,500 feet in the Mangas 
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graben along the Treasure Mountain fault (Finch, et al, 2008).  The Treasure Mountain fault is 

evident at the southwest facing escarpment of the Silver City Range and extends southeast to the 

Faywood Hot Springs.  The San Vicente Arroyo is a major linear feature that is controlled by the 

Mangas graben (Trauger, 1972).  

V. Hydrology 

A. Climate 
 

 Table 1  tabulates long term temperature and precipitation data for the Silver City, New 

Mexico area.  These data are from the Ft. Bayard, NM station and are for the 1897 - 2005 period. 

 

Table 1.  Climate data for Silver City area 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Mean 
Max. 
Temp.(F) 

52 55 60 68 77 86 86 84 80 71 60 52 69 

Mean 
Min. 
Temp.(F) 

25 27 31 37 44 53 58 57 51 42 31 26 40 

Mean 
Total Prec.  
(in.) 

.87 .87 .69 .39 0.47 .78 3.2 3.3 2.05 1.3 .76 1.04 15.66 

 

B. Surface Water Hydrology of San Vicente Arroyo near Silver City 
 

 San Vicente Arroyo drainage basin originates in the Silver City Range and the Pinos 

Altos Mountains north of the Town of Silver City.  See Figure 4.  San Vicente Arroyo  is an 

intermittent stream that begins in Silver City at the confluence of Pinos Altos Creek and Silva 

Creek and discharges into the Mimbres River about sixteen miles northwest of Deming, NM.    

The drainage area of San Vicente Arroyo upstream of the Town of Silver City WWTP is about 

31 mi
2
.  The total drainage area of San Vicente Arroyo is about 390 mi

2
.  Tributaries of San 

Vicente Arroyo include the Rio de Arenas, Pipe Line Draw and Cameron Creek. 
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Figure 4.  Town of Silver City water resource and vicinity map 

 

 The US Geological Survey has operated stream gage stations in San Vicente Arroyo.  

The locations and periods of record of these gages are summarized in Table 2.   

The stream gage San Vicente Arroyo at Silver City is useful for describing the nature of 

the water supply of San Vicente Arroyo above the gaging station.  The remaining gages tabulated 

in Table 2 are peak flow gages and describe the magnitude and frequency of peak discharges of 

these streams.  The maximum recorded instantaneous peak discharge measured at the San 

Vicente Arroyo at Silver City gage was 6,800 cfs on September 9, 1938. The maximum recorded 

instantaneous peak discharge recorded at the Pinos Altos Creek at Silver City gage was 6,500 cfs 

on September 13, 1999. 
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Table 2.  Stream gages in San Vicente Arroyo watershed 

USGS Site Number Site name Drainage Area Period of Record Type of data 

08477600 
San Vicente 

Arroyo at Silver 
City, NM 

26.5 mi.2 1953-10-01 to 
1965-09-30 

Daily data - 
continuous 

record 

08477200 
Little Walnut 

Creek near Silver 
City, NM 

5.10 mi.2 1959-08-14 to 
1986-08-28 Peak streamflow 

08477570 Silva Creek Trib. 
at Silver City, NM 2.12 mi.2 1958-08-21 to 

1975-09-03 Peak streamflow 

08477580 Silva Creek at 
Silver City, NM 10 mi.2 1958-08-21 to 

2012-08-18 Peak streamflow 

08477590 Pinos Altos Creek 
at Silver City, NM 4.63 mi.2 1958-08-21 to 

2012-08-18 Peak streamflow 

 

 The annual average discharge in San Vicente Arroyo at Silver City was about 0.80 cfs 

(582 acre-feet per year) for the twelve year period of record.  The annual discharge ranged from 

a low of 330 acre-feet in 1955 to a high of 1,220 acre-feet in 1954.  About sixty-eight percent of 

the total annual discharge occurred in the two months of July and August.   

A small amount of perennial flow appears in the channel of San Vicente Arroyo at Silver 

City and is probably return flow from lawn water or leakage from the Silver City water 

distribution system (Trauger, 1972), indicating that San Vicente Arroyo acts as a drain for the 

Silver City area. 

Cuddy and Keyes (2011) estimate that the San Vicente Basin contributes about 13,000 

acre-feet of recharge per annum to the underground aquifer.  This is equivalent to about 4% of 

the average annual precipitation falling on the 390 mi
2
 drainage area of the San Vicente Arroyo 

watershed.  This is consistent with estimates of the amount of precipitation that becomes 

recharge as estimated by Trauger (1972) for portions of the Gila River (4.6%) and Mimbres 

River (4.8%) watersheds. 

C. Ground Water Hydrology 

1. Water Levels 

 A review of water level data on file at the NMOSE for 143 wells within a two-mile radius 

of the Town’s WWTP shows that the average depth to water is about 120 feet.  In the immediate 

vicinity of the Town’s WWTP, the depth to water in ten wells averages about 50 feet at the time 

the wells were completed.  BGW (2010) reports that the regional water table in the vicinity of the 

Town’s WWTP is 35 feet below the land surface.   

2. Natural Recharge 

Recharge to the Mimbres underground basin occurs along major arroyos that drain the 

adjoining highlands.  The movement of groundwater in the vicinity of Silver City is to the 

southeast towards the Mimbres River and towards the deepest part of the Mimbres underground 
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water basin near Deming. Various estimates of the amount of recharge from the San Vicente 

Arroyo to the groundwater aquifer have been made; 10,800 acre feet per annum (Trauger, 1973); 

12,993 (Cuddy and Keyes, 2011) and 8,800 (BGW, 2012b).  The San Vicente Arroyo alluvium is 

a very important recharge zone into the underlying Gila Conglomerate aquifer, and locally 

provides significant recharge into the upper formations of the Gila Conglomerate (Hawley et al., 

2000). 

A well located adjacent to San Vicente Arroyo about 6.3 miles downstream (southeast) of 

the Silver City WWTP (near the Grant County Airport) showed a continuous rise in water levels 

for the 1954-1970 period (extent of study period).  Trauger (1972) attributed this unusual water 

level rise to indirect recharge from the Silver City WWTP.  That is, artificial recharge from the 

Silver City WWTP had resulted in an increase in the groundwater elevation under San Vicente 

Arroyo, and the flood flow of San Vicente Arroyo travels further downstream than it would 

have, absent the WWTP discharge, before flood flows are absorbed by the channel material. The 

water level in this well was about 116 feet below ground surface in 1970.  The groundwater-level 

contour maps (Hawley et al., 2000) reflect groundwater mounding beneath San Vicente Arroyo 

in the area west of the Grant County Airport.  See Figure 5. 

 

Figure 5.  Water level contour map (meters) 

VI. Aquifer Hydraulic Characteristics 
 

The quantity of water that will flow through a section of the aquifer is dependent upon 

the hydraulic conductivity of the aquifer.  The San Vicente Arroyo area hydraulic conductivity 
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values for the upper alluvial formation and the underlying Gila Conglomerate aquifer are listed 

in Table 3. 

Table 3.  Summary of aquifer hydraulic characteristics 

Formation 
Hydraulic conductivity 

(ft/day) Source of data 
Alluvium  

Unconsolidated floodplain deposits 20-100 Trauger, 1972 
San Vicente Arroyo Soil downstream of 

WWTP outfall; Manzano Loam and 
Riverwash  

0.9 - 26 NRCS Soil Survey 

Alluvium 2-5 BGW, 2012a 

Gila Conglomerate 
Upper Gila Conglomerate 1-10 Trauger, 1972 
 6  Hansen, et al. (1994) 
 5 Cuddy and Keyes (2011) 

 2-10 Kernodle (1992) 
Lower Gila Conglomerate .001-.7 Trauger, 1972 

 

The velocity of the groundwater as it travels through the aquifer may be estimated by 

using aquifer characteristics and the following equation (Trauger, 1972): 

𝑉 =
𝐾𝐼

𝑃𝑒
 

Where: 

V = Average velocity (ft./day); 

K = Hydraulic conductivity (ft/day); 

I = Hydraulic gradient (ft./ft.); 

Pe = Effective porosity. 

 

By substituting a value of 10 ft/day for K, and 0.016 ft/ft for I (550 ft/[6.5 mi. x 5,280 

ft.]) and 0.15 for Pe (Trauger, 1972) into the above equation results in a velocity of 

approximately 1.1 ft/day.  At this rate of flow, it would take the groundwater more than 80 years 

to travel the 6.5 mile distance between the Silver City WWTP and the Grant County Airport 

wellfield. 

Trauger suggests that the average transmissivity of the upper Gila Conglomerate is about 

1,600 ft
2
/day.  Pumping test data from Silver City wells are summarized in Table 4.  Data from 

the Franks, Woodward and Anderson are based on testing performed in 2002 (BGW, 2006) and 

the Airport test well is from a 2011 pumping test (BGW 2012a). 
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Table 4   Summary of pumping test results 

Well(s) 
Average specific capacity 

(gpm/ft.) Average transmissivity (ft2/day) 
Franks (6 & 7A) 16.5 2,180 
Woodward (2,4 & 6) 8.3 1,445 
Anderson 4.4 854 
Airport test well 1.0 270 

 

Kernodle (1992) recommends ratios of vertical to horizontal hydraulic conductivity 

between 1:200 and 1: 1,000.  Cuddy and Keyes (2011) adopted a vertical to horizontal 

conductivity ratio of 1:200 in the Groundwater Model of the Mimbres Basin.  The calibrated 

ratios of vertical to horizontal hydraulic conductivity applied in the BGW model (2012) are 1:1 

for the river alluvium and 1:200 for the upper Gila Conglomerate aquifer. 

VII. Silver City Water Use 

A. Diversion 
 

The Town of Silver City obtains its water supply from four well fields; Franks Ranch 

well field, the Woodward well field, the Anderson well and the Gabby Hayes well.  Data on the 

historical pumping by the Town of Silver City beginning in 1958 is plotted on Figure 6 (data for 

years 1985-1994 are missing).  Annual diversion rates from each of these well fields for the 

1995-2012 period are tabulated in Table 5.  The Town of Silver City well fields also serve the 

near-by communities of Arenas Valley, Pinos Altos, Rosedale and Tyrone. 

 

Figure 6.  Historic Silver City ground water diversions 
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Table 5.  Silver City ground water diversions, acre-feet (1995-2012) 

 

 

 

B. Water Rights  
 

 The water rights of the Town of Silver City are summarized in Table 6.  Groundwater 

withdrawals by the Town during the 1995-2012 period have been less than the permitted 

diversion amount. 

 

 

 

 

YEAR FRANKS WOODWARD ANDERSON 
GABBY 
HAYES 

ANNUAL 
TOTAL 

1995 426 1,582 220 607 2,837 

1996 742 939 126 895 2,704 

1997 903 1,222 0 726 2,854 

1998 802 1,536 0 496 2,836 

1999 848 1,583 0 395 2,828 

2000 1,013 1,032 2 957 3,006 

2001 698 1,126 143 841 2,810 

2002 725 1,119 57 898 2,801 

2003 461 1,188 0 1,200 2,851 

2004 509 1,200 0 1,006 2,717 

2005 353 1,307 0 1,099 2,760 

2006 444 1,646 0 641 2,733 

2007 621 1,284 0 721 2,627 

2008 382 1,300 0 956 2,639 

2009 449 1,246 0 945 2,641 

2010 602 1,407 0 653 2,663 

2011 732 1,451 0 531 2,716 

2012 869 1,220 0 406 2,497 

Total 11,586 23,397 550 13,980 49,528 

Average 643 1,299 30 776 2,750 
Well field diversion 
as % of total = 24% 47% 1% 28% 100% 
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Table 6.  Silver City water rights summary 

Wellfield 
Number of 

permitted wells 
NMOSE File 

No. 

Amount of water 
(acre-feet per 

annum) Priority date 
Franks 7 GSF-1014 1,120.14 12/31/1945 

Woodward 6 M-2735 1,572.80 04/01/1954 
Gabby Hays 1 M-2903 1,433.00 02/20/1970 

Anderson 1 M-2675    440.70 01/20/1970 
  Total = 4,566.64  

 

C. Return Flow 
 

After water is applied to beneficial use it is collected in the Town’s sewer system for 

delivery to the WWTP located along San Vicente Arroyo about 4.8 miles southeast of the City 

center.  The WWTP treatment scheme consists of primary and secondary clarification, biological 

treatment of activated sludge including aeration for de-nitrification and ultra-violet (UV) disinfection.  A 

portion of the treated effluent is delivered to a nearby golf course (approximately 65 irrigated 

acres) and baseball fields (approximately 3.5 irrigated acres) and to a farm along the San Vicente 

Arroyo adjacent of the WWTP (approximately 68 irrigated acres).  The remaining treated 

effluent from the WWTP is discharged into San Vicente Arroyo.   

During the 2005-2009 period, an average of 465 acre feet per year of treated effluent was 

routed to the golf course and ball fields, an average of 177 acre-feet per year of treated effluent 

was routed to the irrigated farm lands and an average of 755 acre-feet per year of treated effluent 

was discharged to San Vicente Arroyo (BGW, 2010).  The treated effluent reused and discharged 

into San Vicente Arroyo is evaluated here to estimate the total amount of treated effluent that 

might be recharged to the surface and shallow groundwater system. 

1. Assumptions  

 All farm and park lands (total = 136.5 acres) were irrigated with the treated effluent 

during each year of the period of record studied in this analysis (2005-2009).  Artificial turf was 

installed at the ball fields in 2012 and treated effluent is no longer used at that location. 

The supply of water delivered to Rosedale, Pinos Altos, Tyrone and Arenas Valley was 

about 13% of the total amount pumped by Silver City during the 2005-2009 period.  A portion of 

the water delivered to these communities is not returned to the Town’s WWTP.  Here we assume 

that 10% of the amount of water pumped by Silver City was delivered to these communities and 

not returned to the WWTP.   

2. Evapotranspiration of treated effluent 

The consumptive use of treated effluent by irrigated turf at the golf course and baseball 

fields is estimated to be 3.7 acre-feet per acre per year,  (Wilson, 1996) and the consumptive use 

of treated effluent by irrigated pasture is estimated to be 1.76 acre-feet per acre per annum 
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(Southwest Regional Water Plan, Chapter 6).  The total consumptive use for all of the irrigated 

lands may be summarized as follows: 

Item Acres 
Consumptive use rate 

(acre-feet/ac) 
Consumptive use  

(acre-feet) 
Golf course and ball 
fields (turf grass) 68.5 3.7 253.5 

Farm land (pasture) 68 1.76 119.7 
   373.2 

 
 

The treated effluent routed to these lands, in excess of the consumptive use, would 

become return flow discharged to the groundwater system.   

3. Estimate of treated effluent return flow amount 

The volume of water pumped by Silver City during the 2005-2009 period averages 2,680 

acre-feet per annum (Table 5).  Assuming that 10% of the supply is delivered to users that are 

not connected to the Town’s sewer system, about 2,412 acre-feet of water per annum (2,680 

acre-feet x .90 = 2,412 acre-feet) is delivered to residential or commercial customers that are 

connected to the Town’s sewer system.  An average of 1,397 acre-feet per annum was delivered 

to the WWTP during the 2005-2009 period.  Some return flow from irrigated turf and irrigated 

farm land is returned to the shallow alluvium.  The amount of flow discharged into the San 

Vicente Arroyo surface and ground water systems is 1,024 acre-feet per annum (about 38% of 

the amount of groundwater pumped).  Figure 7 is a flow chart that tracks the fate of water 

diverted from the Silver City well fields as described in this paragraph. 

 Some treated effluent is lost to evaporation before it seeps into the alluvial aquifer.  The 

evaporation loss on a strip of open water or wetted sands downstream of the WWTP that is 30 

feet wide and one mile long would be 11 acre-feet (based on a potential evaporation rate of  3 ft.)  

The amount lost to evaporation is only about 1.5% of the amount discharged from the WWTP 

directly into San Vicente Arroyo. 
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 Figure 7.  Flow chart of Silver City water use 

 

D. Estimate of historic recharge  

 

Between 1979 and 2013, approximately 88,400 acre-feet of water was pumped from the 

Town of Silver City well fields (Figure 6).  Thirty-eight percent of this amount would be 33,590 

acre-feet discharged to the WWTP (988 acre-feet per annum).   

Projecting the natural flow of San Vicente Arroyo based on the record of flow at Silver 

City (See section V. B.), results in an average annual flow of approximately 582 acre-feet that 

would have flowed past this gage during the 1979-2021 period.  About 50 % of this flow might 

be lost before it reaches the WWTP outfall, leaving about 290 acre-feet of natural flow available 

for recharge. 

This exercise shows that about 1,278 (988 + 290) acre-feet is available for recharge into 

the bed of San Vicente Arroyo and the shallow groundwater near the WWTP outfall each year. 

The fate of the historic discharge in San Vicente Arroyo may be inferred by assuming a 

San Vicente Arroyo alluvial aquifer with dimensions 100 ft. wide at the surface, 40 feet in depth 

and 400 feet wide at the base of the prism, extending the six miles from the Town’s WWTP to 

just west of the Grant County Airport.  The effective porosity of the alluvial material is assumed 

to be 25% (Trauger, 1972).  Based on these assumptions, the capacity of the alluvial aquifer to 

store water seeping through the bed of San Vicente Arroyo would be about 1,800 acre-feet.  A 

review of the historical aerial images of this reach of the San Vicente Arroyo show a lack of 

significant riparian vegetation or ponded water, meaning that there is little loss of water from the 

alluvial aquifer to the atmosphere.   
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The capacity of the alluvial aquifer is small in comparison to the volume of  water 

available for recharge into San Vincente Arroyo.  Since there is inadequate capacity for long-

term storage in the alluvial aquifer and minimal loss to evapotranspiration, the remaining water 

must be discharged to the deeper aquifer (upper Gila Conglomerate).  

VIII. Water Right Administration 
 

 The Town of Silver City is authorized to divert 193.2 acre-feet per annum from two wells 

near the Grant County Airport (Permit No. M-2846).  The Town has filed an application to 

increase its permitted diversion of groundwater at M-2846 based on recharge to the regional 

aquifer from treated effluent discharged to the San Vicente Arroyo and the Mimbres 

underground water basin.  The Town’s Application, filed April 5, 2013, is submitted in 

accordance  with NMOSE Water Right Division Guideline No. WR-04-2000, Return Flow and 

Discharge Credit, dated December 8, 2009.  NMOSE action on this Application is pending at the 

time this Report was prepared.  The Application would authorize a source of supply for a 

regional water system that would serve Hurley, Bayard, Santa Clara and other communities, in 

addition to Silver City. 

 The Town’s Application is filed under Section III of the 2009 NMOSE Guideline, which 

would authorize an increase in the diversion of underground water based on measured discharges 

back to the affected surface water source.  All of the existing Silver City wells are located in the 

same ungrounded formation, (Gila Conglomerate aquifer) and permitted wells at the Grant 

County Airport would also be completed in the Gila Conglomerate aquifer.  Seepage of water 

from the San Vicente Arroyo would not recharge the cone of depression formed in the 

groundwater table at the existing City well fields, but seepage will recharge the same aquifer that 

supplies the City wells. 

 The Town of Silver City is entitled to consumptively use 100% of the amount of 

groundwater diverted from its well fields.  The Town is currently depleting a portion of its 

treated effluent at the golf course, ball fields and adjacent farm lands.  Because the remainder of 

the treated effluent is discharged to the San Vicente Arroyo, the Town becomes subject to the 

NMOSE rules and regulations and required to file an application for a credit to utilize this water.  

If the Town could utilize its return flow in some fashion before it is discharged to San Vicente 

Arroyo, the jurisdiction of the State Engineer would not be invoked. 

 Approximately 24% of the amount of groundwater pumped by the Silver City well fields 

(1995-2012 period) is from the Franks well field, which is located in the Gila-San Francisco 

underground water basin.  Accordingly, 24% of the amount of treated effluent is water imported 

from the Gila-San Francisco underground water basin into the Mimbres underground water 

basin.  
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IX. Conclusions 
 

1. The San Vicente Arroyo and its tributaries is a major source of recharge to the Gila 

Conglomerate aquifer and the Mimbres Underground Water Basin.   

2. All wells serving the Town of Silver city are completed in the Gila Conglomerate aquifer. 

3. The Town of Silver City is authorized under NMOSE Permit No. M-2846 to drill two wells 

near the Grant County Airport, which wells would also be completed in the Gila 

Conglomerate aquifer.  Up to 193.2 acre-feet per annum may be diverted under this permit. 

4. The Application filed by the Town of Silver City on April 5, 2013 requests that the diversion 

of water from wells authorized under permit M-2846 be increased from 193.2 acre-feet to 

943.2 acre-feet per annum. 

5. The specific capacity of wells and the transmissivity of the aquifer at the existing Silver City 

wells are greater than at the site of the wells permitted by M-2846. 

6. The Airport well site is suitable for drilling wells with individual capacities up to a few 

hundred gallons per minute; these wells may have to be pumped 24 hours each day of the 

year to produce 943.2 acre-feet of water (584 gpm). 

7. The Town of Silver City has been discharging treated effluent into the San Vicente Arroyo at 

its present location since 1979.  This treated effluent is a source of artificial recharge to the 

San Vicente Arroyo hydrologic system. 

8. The City provides treated effluent to irrigate playing fields and farm lands during the summer 

months.  Irrigation return flow from this activity recharges the alluvial aquifer.   

9. The Parshall flume at the Town’s WWTP provides a reliable record of flow of treated 

effluent discharged into San Vicente Arroyo. 

10. A very small percentage of the treated effluent discharged into San Vicente Arroyo is lost to 

evaporation. 

11. Most of the treated effluent discharged to the San Vicente Arroyo recharges the underlying 

upper Gila Conglomerate aquifer. 
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Review of Aquifer Characteristics in Gila Group Aquifer & Preliminary 

Design of Wells and Evaluation of Well Performance  

in Grant County, New Mexico 

 

By Zhuping Sheng, Ph.D., P.H. 

0. Summary 
 

This report presents review of aquifer characteristics in Gila group aquifer based on previous 

hydrological investigation and groundwater model development. The hydrological properties of 

the Gila Group and bolson alluvium aquifers were summarized. Those hydrological properties 

were then used in preliminary well design.   

 

Following well drilling and pump construction were recommended for each of two (2) wells: 

initial water depth of 200 feet; 1500 feet deep well; 800 feet long screen of 16-inch diameter for 

production zones; specific capacity of the well, 2 gpm/ft; 70% well efficiency; 50% production 

time to reduce the energy cost during the peak time. The pumping rate for each well will increase 

from its initial 119.8 gpm or 96.6 AFA to its full water right of 584.2 gpm or 471.6 AFA.  A 600 

gpm 100 HP 8-inch turbine pump ends were selected for initial cost estimate.  Final design may 

vary with hydrological conditions of the aquifer at the site.  

 

The preliminary cost estimate for well drilling and pump installation for both wells are $1.2 

million.  The cost for each well including $482,000 for drilling test holes, borehole geophysical 

and mechanical survey, and finishing well with casing and screens, $77,000 for pump, its 

installation and development, electrical wellhead finishing, and approximately $16,000 for other 

cost, such as mobilization and demobilization, pump house and stand down as well as $42,000 

sales tax. 

  

Theoretical drawdown estimate at its full pumping capacity of 600 GPM is 300 feet. With 70% 

well efficiency the drawdown in the well could reach 428 feet. In addition, the estimated regional 

water decline is approximately 70 feet based on model simulation of 40-year plan. The eventual 
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drawdown in the well is approximately 500 feet below initial water level or 700 feet below land 

surface. However it should be noted that pumps will only run half time, therefore actual 

drawdown will be less than 700 feet. Additional analyses of pumping on groundwater level were 

recommended for final design of wells.   
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1. Introduction 

 

This work order is for the review of groundwater hydrology of part of the Mimbres Basin, NM, 

well design and pump selection at the selected site as described below.  This work is in support 

of a preliminary engineering report on a groundwater water resource development in Grant 

County, NM, for the NM Interstate Stream Commission.  The overall project includes hydrologic 

analysis, feasibility level well field design and engineering of pump and pipeline and storage 

tank system. 

 

1.1 Purposes and scope 

Task for this work order includes:  

1. Review background reports on groundwater hydrology of the general study area (PDF 

copies of Reports will be provided) to become familiar with the aquifer to be pumped 

(Gila Group or Gila Conglomerate aquifer), and the hydrological properties of the 

aquifer;   

2. Prepare reconnaissance level design for two (2) wells, casing diameter 16 inches; 

recommend pump selection to meet total project anticipated average daily demand of 600 

gpm;  

3. Prepare reconnaissance level cost for well construction of two wells, including drilling, 

casing and screening, and the cost of water pumps and their installation. 

4. Estimate groundwater drawdown levels (in wells and surrounding aquifer) that are caused 

by these wells that are fully penetrating  the aquifer (up to approx. 1,500 feet.) after 40 

years of pumping;  

 

This report is to fulfill the requirements of deliverables for the Work Order 1.  

1. Tasks 1, 2 and 3; document review, well design, pump selection, and cost estimate; and 

2. Task 4; groundwater drawdown estimate.  
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The report includes the following three major sections: (1) review of hydrogeological conditions 

of regional aquifers; (2) preliminary design of wells and pumps; and (3) preliminary assessment 

of groundwater level drawdowns.  

 

1.2 Previous investigations 

Several investigations on regional hydrogeology, groundwater withdrawal, impacts of pumping 

on regional aquifers, and longevity of well fields supplying the municipal demands of the Town 

of Silver City, the Village of Santa Clara (formerly Central), and the City of Bayard have been 

carried out. A brief summary of previous investigations is listed below: 

1. Trauger (1972) studies occurrence of groundwater and water uses in Grant County. He 

determined principal aquifers and general chemical character of groundwater available 

for development, and assessed surface water and groundwater development at that time 

and potential for future development. The report included descriptive records of 1,724 

wells test holes, and shafts, 45 springs or spring groups, driller’s logs, chemical analysis 

of 224 samples for ground and surface water and other records. It was concluded that 

adequate water supplies for existing and probable growth needs of communities and 

mining industries are available in the upper part of the Gila Conglomerate and in the 

bolson fill with little detrimental impacts on the developed municipal, industrial or 

agricultural supplies.   

2. Hawley and others (2000) described trans-international boundary aquifers in 

southwestern New Mexico with a dedicated chapter on the Mimbres River Basin. They 

presented a conceptual hydrogeologic framework model, groundwater flow (recharge, 

storage and discharge), and groundwater quality in the Mimbres River Basin. The open 

and drained Mimbres system covers an area of about 4,360 mi
2
 in New Mexico and about 

770 mi
2
 in Chihuahua, Mexico. The maximum thicknesses of fills in the deepest 

structural subbasins (San Vicente, Deming, Hermanas, and Florida) are in the range of 

2,000 to 5,000 feet, which host major aquifers in the basin.   

3. Koopman and others (1969) introduced the concept of “critical pumping level”. The 

critical pumping level in a well was arbitrarily defined as the depth at which one-half of 

the saturated thickness of the aquifer penetrated by the well (the initial water column) 
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remains.  The results of analytical method indicated that decline of groundwater levels to 

the critical level was imminent at several of Silvers City’s wells as results of continued 

pumping based on demand projections and operational assumptions.  They recommend 

limiting production at existing well fields and developing new wells and well fields to 

extend useful life of existing wells.  

4. Based on additional data and addition of new wells, Trauger and others (1980) revised 

these earlier estimates made by Koopman and others (1969) using similar analytical 

methods. They found that Silver City’s wells could continue to pump for at least 20 years 

before the pumping groundwater levels declined to the critical pumping level. They also 

noted that development of new wells and well fields would extend the useful life of the 

existing wells.  

5. Gordon and others (1993) assessed groundwater level declines at each well field by 

assuming that water level would decline at the observed average annual decline rate and a 

well field would reach the end of its useful life when the shallowest well had less than 

200 feet of available water column remaining.  Their results showed that the remaining 

useful life of Silver City’s various wells and well fields would range from 28 to 57 years. 

The recommended alternatives include expanding and developing new well fields in the 

Mimbres Basin.  

6. Johnson and others (2002) recommended a new criterion for a functional well, defined as 

a minimum water column of 100 feet, or 30 percent of the well’s initial water column 

(Driscoll, 1985), whichever was greater.  They compared drawdowns from historical 

pumping, and from projected pumping to meet estimated water demands, calculated 

using a numerical model and then adjusted to estimate drawdowns in the wells to initial 

water columns in the wells.  

7. Balleau Groundwater, Inc. (BGW, 2012a) technical memorandum on Airport test well 

concluded that wells completed the aquifer have potential for specific capacity up to 1.0 

gallons per minutes per foot of drawdown (gpm/ft) based on 270 ft
2
/day transmissivity 

based on zone testing and a 22-hour pumping test of a well of 1,000 feet depth into the 

Gila Group aquifer near the Grant County Regional Airport south of the Town of Hurley 

at a rate of near 100 gallon per minute (gpm). It was recommended that wells be drilled 
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up to 1,200 feet depth and completed with 12-inch diameter casing and at least 800 feet 

screen.  

8. BGW (2012b) report presented a hydrogeologic model simulating groundwater 

conditions within a major geologic feature known as the Mangas Trench. The modeling 

approach involved creation of a three-dimensional structure of the aquifer system based 

on published data, incorporation of hydrologic parameters within a plausible range of 

values and operation of the model to solve for groundwater levels and flow components 

that make up the regional aquifer flow budget. The model is calibrated to measured 

surface water flow in the area of Mangas Spring (Mangas sub-basin) and to independent 

estimates of groundwater flow in the Mimbres sub-basin. The model is also calibrated to 

water levels and the historical trends of water-level change observed at the Town of 

Silver City wellfields.   

9. BGW (2012c) report presented a plan to expand development of groundwater using the 

wastewater discharge credit to recharge of the regional aquifer. A total of 750 acre-feet 

per year discharge credit was requested. The report also showed the effects of recharge 

from the Waste Water Treatment Plant (WWTP) through San Vicente arroyo and 

pumping from the proposed Airport well site on the groundwater level within a 40-year 

plan horizon. Some neighboring wells near the Airport well site would experience 20% 

loss of water column, while water level rise would be expected near the recharge area of 

WWTP.  

2. Study Area 

The general study area for this work order includes the following four quadrangles in Grant 

County, New Mexico under New Mexico Principal Meridian (NMPM): (1) T19S, R12W; (2) 

T19S, R13W; (3) T20S, R12W; and (4) T20S, R13W as shown in Figure 1.  The Towns of Silver 

City, Bayard and Hurley are located north of the study area.   
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Figure 1 Location of the study area. 

 

Two wells proposed by Town of Silver City will be located in the following sectors as shown in 

Figure 2: NW ¼, SE ¼, Section 22, T19S, R13W, and NE ¼, SE ¼, Section 22, T19S, R13W, 

NMPM.  The proposed wells will pump water from the aquifer of basin fills, including alluvium 

and Gila conglomerates. 

 

Figure 2 Location of the proposed well sites. 
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3. Review of Aquifer Characteristics 

The review of regional hydrogeological conditions of aquifers in this work order is primarily 

based on recent investigations as listed above as well as some earlier hydrogeological studies. It 

will focus on portion of the aquifer where proposed wells will be located. The study area is 

located southern part of the regional basin-fill aquifer (BGW, 2012) – Mangas Trench system 

(Trauger, 1972) or Mangas and San Vicente sub-basins (Hawley et al., 2000). Groundwater 

flows in opposite directions as a hydraulic divide forms along the Continental Divide:  (a) toward 

northwest within the Mangas subbasin of the Gila River basin and (b) toward southeast within 

the San Vicente subbasin of the Mimbres Basin. This report will focus on the latter since the 

proposed wells will be located within the San Vicente subbasin.  

 

Important hydrogeologic information required for the design of efficient high-capacity wells 

includes (Driscoll, 1986; NGWA, 1998):   

1. Stratigraphic information concerning aquifer and overlying sediments, especially the 

depth and extent of the water bearing formations, zones within formations; 

2. Transmissivity and storage coefficient values for the aquifer;  

3. Current and long-term water balance conditions in the aquifer, changes for both static and 

dynamic storages of fresh water in the aquifer;   

4. Grain-size analyses of unconsolidated aquifer materials, important information for design 

of the gravel pack, and identification of rock or mineral types if necessary; and  

5. Water quality and spatial variations if available. 

  

3.1 Hydrological framework of the aquifer 

The study area is located in San Vicente subbasin of the Mimbres Basin in Grant County, New 

Mexico. San Vicente subbasin (Hawley et al., 2000), part of Mangas trench of Hanson and others 

(1994) or San Vicente half graben of Seager and others (1982) is located on the northwest part of 

Mimbres Basin.  The subbasin is bounded by the Cobre-Pinos Alto uplift (Silver City-Santa Rita 

area) on northeast, by the Treasure Mountain fault zone on east, merges with the Mangas 

subbasin to the northwest, which extends northward to the Gila River Valley, and merges 

southward with the central part of the Mimbres Basin system.  The headwaters and main channel 



 

9 

 

of San Vicente Arroyo form the major drainage system in this subbasin. San Vicente Arroyo 

drains northwest part of the Mimbres basin (Darton, 1916; Paige, 1916; Hawley et al., 2000). 

This arroyo contains an intermittent stream in the Silver City to Faywood reach and also collects 

effluents from a wastewater treatment plant and mine mill processing sources (Hanson et al., 

1994; Hawley et al., 2000). The intermittent stream provides significant recharge to the basin-fill 

aquifer system locally.  In general, groundwater in the basin-fill aquifers flows southeastward 

almost parallel to the San Vicente Arroyo. The groundwater level is generally flat and 

groundwater flows towards south and southeast.     

 

3.1.1 Geologic settings 

The major aquifer systems in the study area are made up of the saturated portion of the basin fill 

and valley fill.  The fractured bedrock also serves as an aquifer, however, the amount of water 

available from the bedrock wells is limited (Trauger, 1972).  The Upper, Middle, and Lower Gila 

and Santa Fe hydrostratigraphic units comprise the major basin-fill aquifer zones, which 

correspond roughly to the (informal) Upper, Middle, and Lower rock-stratigraphic subdivisions 

of the Gila and Santa Fe Groups used in local and regional geologic mapping (Trauger, 1972; 

Seagers et al, 1982, 1987; Hawley et al., 2000). The Gila Conglomerate (Late Tertiary and early 

Quaternary) is the best known and most widespread of the continental deposits in Grant County, 

which consists of poorly sorted sediments ranging from unconsolidated to strongly consolidated 

(Trauger, 1972).  The Gila group is divided into two units: an upper unit, generally undeformed 

and no more than slightly consolidated basin-fill, with a thickness of 300 to 900 feet, that could 

yield as much as 500 or more gallons per minute to wells, and a lower unit, strongly indurated 

and locally deformed, with a thickness of as much as 3,280 feet locally, that furnishes very little 

water to wells (Trauger, 1972). Groundwater also occurs in younger bolson-fill and alluvial 

deposits of major drainages. The Gila Group and younger basin-fill deposits can be considered 

part of the same regional flow system, and all of these units are grouped together as “basin fill”. 

In part of the Mangas Trench this basin-fill flow system is underlain by confined flow systems of 

unknown extent occurring in Tertiary volcanic rocks and related sediments. 
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According to BGW (2012a) report of the test well located west of the Grant County Airport, 

adjacent to south-flowing ephemeral Cameron Creek, thicknesses of geological formation varies 

dramatically.  Within the neighborhood of airport, there are two distinct formations (260 to 407 

feet and 728 to 1,000 feet) of middle-lower Gila Group aquifer. In general, lower Gila is more 

indurated than upper Gila and contains a higher content of volcanic‐derived sediments. 

Groundwater at the test site is expected to be stored in and to move through fractures in 

consolidated beds and in pore space in weakly consolidated beds in the lower and middle Gila.  

 

3.1.2 Water movement, recharge and discharge 

San Vicente Arroyo with its major tributaries, Rio de Arenas, Cameron Creek and Whitewater 

Creek (Trauger 1972) is the principal drainage system within the San Vicente subbasin.  Through 

most of its length, San Vicente Arroyo is an ephemeral to intermittent stream. However an 

estimated 0.045 to 0.067 cubic feet per second (cfs) or  20 to 30 gpm of water flows in the 

channel for a short distance downstream from the gage at Silver City, primarily due to upstream 

groundwater contributions, return seepage from urban irrigation, and probably line losses from 

the city water system (Trauger 1972). In addition, the arroyo collects approximately 1.4 cfs (627 

gpm) of treated effluent from the sewage treatment plant 5 miles downstream from Silver City. 

Faywood Hot Springs (approximately 30 gpm) are aligned along the Treasure Mountain Fault 

zone at the east edge of this subbasin.   

 

Water-level contours (Trauger 1972, Figure 3) indicate that mountain-front recharge occurs 

along the Big Burro Mountains and the Piños Altos Range, and elsewhere along the Continental 

Divide, which under pre-development conditions was a groundwater divide. The shallow 

groundwater flows generally north and south from these recharge areas towards the lower valleys 

of Bear Creek and Mangas Creek, and San Vicente Arroyo. Some groundwater discharges at the 

surface at springs such as Allan and Dorsey Springs in Bear Creek valley, and Mangas Springs in 

the Mangas Valley. The remaining groundwater continues to flow downgradient, ultimately 

discharging to the Gila River to the northwest, or as underflow to the larger Mimbres Basin to 

the southeast. Artificial recharge from the WWTP effluent will create mound near the San 
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Vicente Arroyo, which alters local flow patterns (BGW 2012c), however it does not cause much 

impacts on groundwater level near the proposed Airport well site.   

 

 

Figure 3 Contour of groundwater levels in 1950’s. (Trauger, 1972, modified by BGW, 2012b) 

 

In general, groundwater in the San Vicente subbasin flows southeastward almost parallel to the 

San Vicente Arroyo and eventually discharges into the central part of the Mimbres Basin system. 

The groundwater level at the selected well site near the confluence of San Vicente Arroyo and 

Cameron Creek is generally flat and groundwater flows towards south.   
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A preliminary estimate of groundwater storage with relatively good quality in the unconfined 

part of aquifer system is no more than 30.6 million acre-feet (ac-ft) (Hawley et al. 2000). The 

majority recharge is from mountain-front recharge at about 55,300 ac-ft, accounting for 

approximately 90% of total annual recharge. According to BGW (2012b) recent model 

simulation, the Gila Group Aquifer received recharge and underflow in the amount of 18,200 

acre feet per year (AFY), which is distributed from the mountain front in the amount of 13,600 

AFY and from northern bedrock underflow in the amount of 4,600 AFY, under conditions of the 

1950s, prior to significant regional groundwater development. Such recharge is balanced by 

6,500 AFY of groundwater outflow into the Gila sub-basin to the northwest, 8,800 AFY of 

groundwater outflow into the Mimbres sub-basin toward the southeast and 2,900 AFY of 

groundwater discharge to evapotranspiration. 

 

During the history of groundwater development, another major discharge is groundwater 

pumping, which has increased to approximately 11,000 AFY in 2010, which are used the 

purpose of mining, municipal supplies and agricultural applications (BGW, 2012b).  The 

modeling results also showed that 80 percent of net aquifer withdrawal comes from depletion of 

groundwater storage, about 3 percent comes from salvage of ET and from depletion to both 

Mangas Creek and the Gila River, and the remaining 17 percent is intercepted from groundwater 

that otherwise would flow through the aquifer toward the southeast to discharge to the Mimbres 

Basin (BGW, 2012b). Additional pumping from proposed wells will most likely result in further 

depletion of groundwater storage and groundwater level drawdowns. 

 

3.2 Hydraulic properties of the aquifer and well yields 

3.2.1 Hydraulic properties of aquifer materials 

The average movement velocity of groundwater in an aquifer depends on hydraulic conductivity 

(K), the hydraulic gradient (i), and effective porosity (ne).  Specific yield (Sy) is defined ratio of 

the volume of water that drains from the saturated aquifer material by gravity and the total 

volume of material, which is usually used to quantify how much water that can be drained out by 
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gravity from an unconfined aquifer.  Table 1 listed specific yield and hydraulic conductivity 

values for some selected aquifer materials (Trauger, 1972).  

 

Table 1 Hydrologic characteristics of selected aquifer materials found in Grant County (modified 

from Trauger, 1972).  

Rock type Porosity (n) 

% 

Specific Yield 

(Sy) 

Hydraulic 

Conductivity 

 K (ft/d) 

Conglomerate or sandstone, well 

cemented (lower Gila) 

5-10 0.001-0.02 0.0013-0.7 

Conglomerate, poorly cemented (upper 

Gila) 

15-30 0.1 – 0.25 1-10 

Clay and silty clay, dense, massive to 

bedded, no coarse materials 

50-60 0-0.02 0-1x10
-6

 

Silt and medium to very fine sand, 70-

90%; clay 10-30% 

45-55 0.25-0.35 1-3 

Sand, assorted, 65-75%; gravel, 15-30%; 

silt and clay 1-5% 

25-40 0.2-0.3 20-100 

Gravel, 25-45%, medium to very coarse 

sand, 45-70%; silt and fine to very fine 

sand, 1-5%, no clay 

25-45 0.23-42 300-500 

 

Hydraulic conductivity of the upper Gila Group ranges up to 10 feet per day (ft/d), one to several 

orders of magnitude greater than the lower Gila as shown in Table 1(Trauger, 1972; Johnson et 

al., 2002). Upper Gila Hydrostratigraphic Units have moderate (saturated horizontal) hydraulic 

conductivities ranging from 10 to 33 ft/d, while silt-clay and conglomeratic units of Middle and 

Lower Gila Hydrostratigraphic Units have hydraulic conductivities ranging extremely low to no 

more than 3 ft/d (Hanson et al., 1994; Wilkins, 1998; Hawley et al., 2000).   

 

The average transmissivity of the upper Gila Conglomerate is about 1,600 ft
2
/day and the storage 

coefficient is about 0.04; while the average coefficients for the bolson fill are 4,000 ft
2
/day and 

0.2, respectively (Trauger, 1972). Hanson and others (1994) reported that transmissivity values 

determined from aquifer tests at wells completed in basin-fill aquifers range from 10 to 50,000 

ft
2
/d.   
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3.2.2 Well yield 

Well yields vary dramatically depending on hydrological properties of the aquifer and well 

constructions. According to Trauger (1972), the river-valley deposits are not thick or extensive 

but irrigation wells in these deposits yield as much as 2,500 gpm. The yields of irrigation and 

industrial wells in the bolson fill range from 100 to 1,500 gpm. Well yields in the upper Gila 

range from less than 10 to 1,000 gpm; yields from the lower Gila are generally in the range of a 

few gpm (Trauger, 1972; Hawley et al., 2000). Hanson and others (1994) noted that the specific 

capacities vary with depth based on 278 wells completed in the basin-fill aquifer system near 

Deming. The results showed that most wells (60%) with the highest average specific capacity 

values (13 to 17 gpm/ft) are completed in the upper 330 feet of saturated basin fill. An additional 

33% of the wells with average specific capacity values (8 to 12 gpm/ft) are completed at depths 

between 330 and 660 feet. Wells with average capacity values (7 to 9 gpm/ft) completed at 

depths between 660 and 980 feet account for only 5%.  

 

Based on zone testing and a 22-hour pumping test of a well of 1,000-feet depth into the Gila 

Group aquifer near the Grant County Regional Airport south of the Town of Hurley at a rate of 

near 100 gpm (BGW 2012a).  Zone spinner testing indicates about half of well production comes 

from the upper screen and half from the lower screen. Total productive aquifer thickness is about 

270 feet, within 400 feet of screened formation. BGW (2012a) concluded that wells completed 

the aquifer have potential for specific capacity up to 1.0 gpm/ft based on 270 ft
2
/day of 

transmissivity. A well with twice the screen length (800 feet instead of 400 feet) and a higher 

percentage of open area may reasonably be expected to have 1.5 to 2 times better specific 

capacity (BGW, 2012a).  It should be noted that pumping test dewatered the first formation (200 

– 480 feet) after development of 280 feet drawdown at a pumping rate of 17 gpm. Additional 

productive material may exist between and below the screened intervals (BGW, 2012). Previous 

studies (Johnson et al., 2002) assumed 60 percent production time for projecting total capacity of 

well field production and a 70% efficient for evaluating well performance as well as impacts on 

groundwater levels and flows.  
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3.3 Water quality 

Groundwater in the northern half of the basin usually has less than 500 mg/L Total Dissolved 

Solids (TDS) and low concentration of NO3-N (less than 5 mg/L) (Hawley et al., 2000).  The 

water is hard at 170 mg/l as CaCO3 (water is considered hard at 120 to 180 mg/l CaCO3). 

Groundwater evolves from Ca-HCO3 type waters to Ca-Na-Mg-HCO3 type (Hawley et al., 

2000).  The test well was sampled for basic water chemistry and primary and secondary public 

drinking water standards (BGW, 2012a). Water quality is generally good, with 259 mg/l TDS 

and no constituents exceeding drinking water maximum contaminant levels (MCL).  

 

4. Preliminary Design of Wells 

This report only provides preliminary design of wells proposed by the City of Silver.  The 

parameters were determined based on existing data.  Detail design of wells is out scope of work.  

 

4.1 Preliminary design of wells 

The Town of Silver City currently has a New Mexico Office of the State Engineer (OSE) permit 

(M-2846) for diversion of 193.2 acre feet per annum (AFA) of water from the Mimbres 

Underground Water Basin for use in its municipal water system (BGW, 2012a).  The approved 

return flow credit would allow additional diversion of 750 AFY (BGW, 2010 and 2012c). Once 

approved the total diversion would be amount to 943.2 AFY.  It is proposed by the Town of 

Silver City that two wells will be constructed in the Upper and Middle Gila formations at the 

selected site (Figure 2) to meet future water demands.  Based on trend of water demand, it is 

recommended that both wells will be constructed at a full capacity but with a gradually 

increasing production rate, i.e., annual water production will start with 193.2 AFA and then 

gradually increase toward the maximum allowed diversion of 943.2 AFA after 40 years (BGW, 

2012c; Miller, 2013).    

 

BGW report (2012a) recommended that a production well be drilled to a depth of 1,200 feet 

depth and completed with 12-inch diameter casing and at least 800 feet of screen.  To assure 

enough well production capacity, Silver City recommended that the well be drilled to a depth of 
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1,500 feet (Miller, 2013). Let’s assume that there will be additional 350 feet thick of production 

zone over 500 feet thick formation below 1,000 feet from the land surface.  As a result we would 

have 800 feet length screen to produce groundwater. To assure better performance of each well, 

it was also recommend that the well be completed with 16-inch diameter casing (Miller, 2013).  

All these assumption needs to be verified by drilling a test hole for final design and construction 

of the production wells.  

 

A preliminary design of the water well at the select site is shown in Figure 4.  For preliminary 

design, we used the following hydrological parameters of the aquifer (BGW, 2012a; Johnson et 

al., 2002): initial depth to water, 200 feet; initial thickness of the saturated formation, 1,300 feet; 

average hydraulic conductivity (K), 1.5 ft/day, which is lower than 4 ft/day (K value used at the 

Airport well site in the BGW groundwater flow model); thickness of production formations (b): 

100% of the 800 feet length of the screened section; coefficient of storage: 0.04, which is higher 

than 0.08 used in the BGW groundwater flow model. The resulting transmissivity T (=Kb) 

would be 1,200 ft
2
/d, which much higher than the pumping test results (BGW, 2012a). The 

specific capacity is 2 gpm/ft. A 70% well efficiency and 50% production time (to reduce the 

energy cost during the peak time) are assumed in the calculation.    

 

4.2 Selection of pumps 

Based on the above mentioned hydrological parameters, we estimated that an initial pumping 

rate is 119.8 gpm with 50% production time, which yield 96.6 AFA for each well and a total of 

193.2 AFA for two wells. The final pumping rate at the end of 40-year planning period will 

reach 584.2 gpm, which will produce 471.6 AFA each well and a total of 943.2 AFA with the 

same 50% production time.  We recommend that a 600 gpm turbine pump be selected for each 

well. At the beginning of operation, both wells will either be run at a low running time (20 to 

30%), or produce at a lower pumping capacity or only from one well at a time due to limitation 

of water rights. These wells could also be used to supplement other existing well production.   
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Figure 4 Sketch of Well Design. 

 

Under the full capacity of 600 gpm pumping rate, the estimated theoretical drawdown in the well 

is 300 feet based on specific capacity of 2 gpm/ft. With 70% well efficiency approximately 429-

feet drawdown is anticipated in the well. In addition, the estimated regional water decline is 

approximately 70 feet based on model simulation of 40-year plan (BGW, 2012c). At the end of 

40 year planning period, the estimate drawdown in the well is approximately 500 feet below 

initial water level or 700 feet below land surface. Therefore a turbine pump should be installed at 

a depth of at least 750 feet below land surface by adding 50 feet for the pump bowl assembling. 

The total dynamic head (TDH) is approximately 802 feet, including 700 ft head difference, 70 ft 

pressure head and 32 ft for friction losses (assuming 5 ft friction losses per 100 ft). The water 

pump horsepower should be greater 83.5 hp. With 85% pump efficiency we can determine brake 
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horsepower as approximately 98 hp. Therefore we select 600 gpm 100 HP 8-inch turbine pump 

ends for initial cost estimate.  Based on recommendations of Driscoll (1986), an 8-inch column 

pipe and pump head are selected.   

 

It should be noted that the drawdown were overestimated since we only run the well half of the 

time. In addition, the pumping stress will increase linearly from a low pumping rate of 199.8 

gpm to the full water right pumping (584.2 gpm). Therefore the pump can be installed at a 

shallower depth and then extend deep as needed.  Alternatively, a lower capacity pump, for 

example 350 gpm, can be installed at the beginning of well pumping operation and upgraded 

later when needed. Additional analysis is recommended to better evaluate impacts of periodic 

pumping on the groundwater levels during the final design of these two wells.   

 

4.3 Cost estimate 

Based on the above design parameters the total cost for drilling the total cost for constructing one 

well and installing one pump is estimated at $617,000, including $482,000 for drilling test holes, 

borehole geophysical and mechanical survey, and finishing well with casing and screens as 

specified above, approximately $77,000 for pump, its installation and development, electrical 

wellhead finishing, approximately $16,000 for other cost, such as mobilization and 

demobilization, pump house and stand down as well as $42,000 sales tax (7.375%). Total cost 

for drilling two wells by only accounting for one time mobilization and demobilization cost 

would amount $1,228,000 or approximately $1.2 million. Actual cost may vary depending 

geological conditions, drilling technology and design of the well.  Detail preliminary cost 

estimate is included in Table 2.    

 

 

 

 

 

 



 

19 

 

 

Table 2 Preliminary cost estimate for construction of well and installing pump. 

 

 

Two wells
Quantity Unites Unit Cost ($) Total

1 Test drilling, estimated depth  feet at $  per foot 1550  $           50.00  $        77,500 155,000$          
with formation samples -$                  

2 Ream pilot Hole to 16" at $  per foot 1500  $           65.00  $        97,500 195,000$          
3 Install 24" Conductor Casing 50  $         175.00  $          8,750 17,500$            

4 Install blank casing   _16___ in, maximum depth  feet 
at $ per foot 700  $         100.00  $        70,000 140,000$          

5 Well screen and installation, 16" 800  $         150.00  $      120,000 240,000$          
6 Install gravel pack   ______ (ft) @   $_________ 1250  $           45.00  $        56,250 112,500$          
7 Gravel tube (ft) 250  $           10.00  $          2,500 5,000$              
8 Grout seal (ft) 245  $           55.00  $        13,475 26,950$            
9 Well Surge/Airlift Development (hr.) 24  $         250.00  $          6,000 12,000$            
10 Well acidization  for limestone aquifer (ea.) 1  $                  -    $                 -   -$                  
11 Well disinfection (ea.) 1  $      2,000.00  $          2,000 4,000$              
12 Geophysical Log (_____ft @@ $ _____) 1550  $             5.00  $          7,750 15,500$            
13 Caliper Log 1  $      4,000.00  $          4,000 8,000$              
14 Formation samples testing (particle analysis) (ea) 20  $         100.00  $          2,000 4,000$              
15 Chemical and bacteriological laboratory tests (ea.) 4  $      1,000.00  $          4,000 8,000$              
16 Pumping Test (ea.) 48  $         200.00  $          9,600 19,200$            
17 Well permit (ea.) 1  $         500.00  $             500 1,000$              

Maximum Drilling Depth, Total Drilling Price:  $      481,825 963,650$          

1 Pump  (_600___ gpm __100___HP) 8" Turbine Pump 
End 1  $   10,816.00  $        10,816 21,632$            

2 Column pipe 8 in   _750____ ft @ $__70_______ 750  $           70.00  $        52,500 105,000$          
3 Install Pump 1  $      5,000.00  $          5,000 10,000$            
4 Pumping Development 24  $         150.00  $          3,600 7,200$              
5 Electric & Wellhead Finish 1  $      5,000.00  $          5,000 10,000$            

Pump & Installation Cost:  $        76,916 153,832$          

1 Mobilization and demobilization 1  $      6,000.00  $          6,000 6,000$              
2 Pump house 1  $      5,000.00  $          5,000 10,000$            
3 Area cleanup 1  $         500.00  $             500 1,000$              
4 Welll abandonment ( ____ ft @ $ __/ft) 1550  $                  -    $                 -   -$                  

5 16  hours stand down at $_300____ per hour stand 
down rate 16  $         300.00  $          4,800 9,600$              

Sub-Total Other Costs:  $        16,300  $           26,600 
Total Drilling, Material and Costs:  $      575,041  $      1,144,082 

Sales tax: 7.375%  $        42,409 84,376$            
Total Estimated Cost:  $      617,450  $      1,228,458 

WATER WELL DRILLING and PUMP INSTALLATION COST ESTIMATE

Table modified from NGWA (2006) and Driscoll (1986)

Well Drilling & Installation

Pump & Installation

Other Costs
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5. Groundwater level drawdowns at the wellfield 

To assess potential impacts of proposed wells, two methods were used to assess water level 

drawdowns: (1) analytical solution of water level adjacent to well screen, and (2) numerical 

simulation of regional groundwater levels.  

 

5.1 Drawdown estimate (Analytical) 

To demonstrate drawdown within the proposed well caused by a variable stress (12 hr. on and 12 

hr. off), a program for aquifer test analysis for unsteady state flow in multiple aquifer systems 

(the MLU for Windows, UNESCO Edition 2.25; Kick Hemker & Vincent Post, 2010) was used 

to calculate water level changes with pumping. For demonstration purpose the result for 

groundwater level changes with time is shown in Figure 5, in which only few stress cycles were 

included to better view the impacts of each stress cycle. The following parameters were used: 

unconfined aquifer with a thickness of 800 feet production zone, K =1.5 ft/d, resulting T= 1,200 

ft
2
/d, and full penetration. When the pump turns off, the water level in the well recovers, 

however it does not reach a full recovery due to the accumulative effects of previous pumping 

cycles. The pumping stress will increase annually and eventually reach its full well capacity of 

584.2 gpm or 471.6 AFA.   

 

Figure 5 Groundwater level changes with pumping at the Airport well.  
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5.2 Drawdown estimate (Numerical) 

A groundwater flow model was developed by BGW (2012b) based on the U.S. Geological 

Survey MODFLOW 2005 program (Harbaugh, 2005). The groundwater model layout for the 

aquifer system in the region of the Mangas Trench (BGW, 2012b) is shown in Figure 6. To 

assess effects of groundwater pumping at the proposed Airport site and existing permitted wells 

within a 40-year planning horizon, BGW reconfigured the groundwater flow model (historical 

model up to 2010, BGW 2012b) by adding 40 stress periods (from 2011 to 2050) to project 

groundwater level changes within the regional aquifer (BGW, 2012c).  

 

Following major reconfigurations were included in the model as shown below. 

1. The model simulates a historical period up to December of 2010.  The future projection 

uses the head solution at the end of the historical period as an initial condition. The future 

projection simulations run for a 40-year planning period from January 0f 2011 to 

December 2050.  

2. The pumping stress at the proposed Airport site (M-2846) will increase linearly from 0 to 

750 AFA over a 40-year period (or 18.75 AFA increase per year) over a constant existing 

permitted diversion of 193.2 AFA. In other word, the overall pumping stress at this 

proposed site will increase from 193.2 AFA (in 2010) to 943.2 AFA (in 2050).  

3. Two model scenarios were used to evaluate water level changes resulting from the 

additional pumping at the Airport site: a baseline and an applied-for scenario over the 40-

year planning period. The Baseline scenario simulated a 40-year projection of permitted 

water use in the area of the applied-for pumping without the applied-for stress (750 

AFA). It does not include any recharge to the Gila Group aquifer from the treated effluent 

discharge. The Baseline took into account full use of water rights by existing 

(neighboring) wells including 193.2 AFA at the airport wells and existing permits of the 

Town of Silver City. The Applied-for scenario has the same stress as the Baseline with 

the exception of hydrologic components of the applied permits of diversion and recharge: 

(a) growth of groundwater diversion at the airport wells, and (b) constant recharge of 750 

AFA to the aquifer from discharge of treated effluent to San Vicente Arroyo. In the 
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analysis two wells were assumed to drill to a depth of approximately 1,000 feet pumping 

at 193.2 AFA in the Baseline and 750 AFA more in the Applied-for scenario.    

 

 

Figure 6 Groundwater model layout and groundwater level contour.  

 

The effects of groundwater pumping on the aquifer water levels for the Baseline scenario are 

shown in Figure 7 (BGW, 2012c). Within eight-mile of the airport wells (wells denoted as 

yellow dots in Figure 7), there are following wellfields, UV Industris, Santa Clara, Glenn 

Kimmick McKonney, Tyroe, Cross, Stark, McCauley, Whitewater, Apache, Bolton and the 

airport wells (M-2846). With pumping at permitted water rights, the 40-year water level declines 

from those wellfields generally range from 30 to 50 feet within the region of the Mangas Trench.  

The greatest drawdown could reach 100 feet in the area of UV industries (Figure 7).   
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Figure 7 Water level changes from Baseline scenario after 40-year water use. (BGW, 2012c)  

 

For the Applied-for scenario, additional impacts on groundwater levels by both growth pumping 

and recharge from the WWTP were assessed (BGW, 2012c). The mound is expected at the 

recharge site along San Vicente Arroyo and additional water level declines are expected near the 

airport well (bluish color in Figure 8), while elven wells are located within two-foot drawdown 

contour  (yellowish color in Figure 8). The simulation results showed that a maximum water 

decline of 70.3 feet would be expected at the well M-2551, of which 56.6 feet is from the 

Baseline simulation and 13.7 feet from the additional applied-for stress (BGW, 2012c). As a 

result, it will reduce the water column in the well at the end of Applied-for scenario by 20% of 

original water column (344 feet). Therefore the 70-feet potential regional water level decline 

may be expected as a result of Applied-for pumping at the proposed Airport well site.  It should 

be noted that both scenarios were simulated under maximum stresses per existing water rights 

(BGW, 2012c). Therefore the simulated impacts of those stresses will be the upper bound. The 

actual impacts will be less than the simulated since not all the water users are currently using 

their full water rights. From Figure 8 it could also be concluded that the impacts of WTTP 

recharge on the groundwater level at Airport well are very limited (probably within 1 to 2 feet) 
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since the 2-foot water rise contour in Figure 8 is located about 3 miles from the proposed Airport 

well site.  Additional simulations are recommended under different stress scenarios to have a 

better understanding of groundwater flow and well performance once the new wells are drilled 

and put in operation. 

 

 

Figure 8 Additional water changes with the Applied-for stresses. (BGW, 2012c) 
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