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Tularosa Basin and Salt Basin
Regional Water Plan 2000 — 2040

1. INTRODUCTION

1.1 Regional Water Planning Organization

This Draft Tularosa Basin and Salt Basin Regional Water Plan 2000 — 2040 (Plan) was
prepared by the South Central Mountain Resource Conservation and Development Council,

Inc., (RC&D) through a grant from the New Mexico Interstate Stream Commission (ISC).

The South Central RC&D Council, Inc. is responsible for completing the Regional Water
Plan for the Tularosa Basin and Salt Basin in Otero and Lincoln Counties. Assisting the
RC&D with the technical issues surrounding this endeavor is Livingston Associates, P.C., a
water resource consulting engineering firm in Alamogordo, New Mexico along with John

Shomaker & Associates, Inc., a ground water consulting firm in Albuquerque, NM.

The RC&D Council is a public non-profit organization organized in 1967 to carry out a
comprehensive program of resource conservation, economic and community development.
The RC&D Council is comprised of representatives of communities, counties, soil and water
conservation districts and state and federal agencies in the two-county area. This grass
roots approach to solving local problems has been very effective since the inception of the
program. The RC&D Council is the centerpiece of the RC&D program which is a federal
program administered by the USDA Natural Resources Conservation Service, formerly the
Soil Conservation Service. The RC&D program provides a full-time coordinator to assist the
Council in carrying out a broad-based Area Plan. The office is located at 409 Central Avenue
in Carrizozo, NM, 88301, Telephone (505) 648-2941, Fax (505) 648-2558.

Since the Council is interested in water issues and has been involved in water related
projects throughout its 30-year history, it naturally became interested in participating in the
regional water planning effort. The Council applied for a planning grant through the

Interstate Stream Commission. The grant was approved in March of 1996.

The Council has taken a very active role in the planning process, particularly in coordinating

the public meetings, and has worked closely with Livingston Associates to insure a grass

Livingston Associates, P.C.
Consulting Engineers
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Regional Water Plan 2000 — 2040

roots involvement in the planning process. Additionally, a Steering Committee consisting of
the stakeholders and others was developed to include local governments and public citizens
in the planning process.

The Council is committed to continuing this process to assist municipalities, counties, and

others in the implementation of the final plan recommendations.

1.2 Goals and Objectives of the Regional Water Plan (RWP)

1.2.1 Goals (Vision Statement)

The goal of the Tularosa and Salt Basins RWP is to provide (through the implementation of
one or more of the identified water supply and demand alternatives) a sufficient, sustainable
water supply (at an economically sustainable price) to meet the agricultural, domestic, water
association, municipal, industrial, commercial and other needs of the region, including
consideration of the public welfare. The goal is also to make provisions for an adequate
water supply to support reasonable growth in population and the economy (agricultural and
non-agricultural) over the next forty years, in part through the application of economically
viable conservation measures. Included in this goal is the utilization of the regional water

resources in a manner that protects and preserves the resource and the environment.

1.2.2 Objectives (Mission Statement)

It is the objective of the RWP to:

a) seek and obtain public input on the plan so that it represents a "grass roots" approach to
the solution of the regional water issues,

b) identify and quantify (including yearly and seasonal variations) and estimate the quality of
the existing water resources that are economically and practically available to the people
of the region,

c) identify the current and projected needs over a forty year time period for water for the

region, especially at the local level,

Livingston Associates, P.C.
1.2 Consulting Engineers
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d) quantify the shortfalls in water availability at the regional and local level, including
consideration of the quality of the water,

e) identify various alternatives and estimate the cost of implementing those alternatives in
order to create a condition in which available supplies equal or exceed the demand over
time, and

f) prepare an implementation plan.

1.3 Individuals Involved in the Water Plan Development

Interest in the plan has spanned multiple levels of government, private citizens, farmers,
ranchers, developers and various organizations. The South Central Mountain RC&D Council
(RC&D) is indebted to their tireless efforts in reviewing technical documents, attending

meetings, making presentations and making this plan a locally led endeavor.

The RC&D Council sponsored a meeting on May 5, 1999 to initiate the planning process and
form a planning committee. A cooperative agreement was developed to formally recognize
committee membership. The following entities and individuals have been involved in the

planning efforts:

Committee Chairman: Tom Springer- Rrepresenting the RC&D Council
RC&D Program: Howard Shanks- RC&D Coordinator, NRCS
Consultants: Livingston Associates, P.C.- Eddie Livingston, P.E.

John Shomaker & Associates, Inc. — Steve Finch

Communities:

City Of Alamogordo Kevin Heberle- City Engineer
George P. Light- City Surveyor
Don Carroll, Mayor
Don Cooper, City Commissioner
Village of Tularosa Demetrio Montoya, Mayor
Richard Gutierrez, Planner

Town of Carrizozo Cathie Eisen, Water Department

Livingston Associates, P.C.
Consulting Engineers
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Timberon Gary Scott, Manager, Community of Timberon
Salt Basin Greg Duggar, Rancher

Counties

Lincoln Patsy Sanchez, Planning Department

Tom Stewart , County Manager
Otero Monroe Curtis, Planning Dept

Organizations

Alamogordo Chamber of Commerce Ed Carr, Executive Director
Otero County Economic Development Council Ed Carr

Otero Soil & Water Conservation District Eddie Vigil , Supervisor
Tularosa Community Ditch Corporation, Inc. Norvall Bookout
Sacramento Mountains Watershed Restoration Corporation Tom Macon

Rick Warnock, President
NM Rural Water Bennie Coker

Agencies-Federal

US Forest Service Peg Crim, Lincoln National Forest

Natural Resources Conservation Service  Dan Abercrombie, District Conservationist

Bureau of Land Management Ray Aguilar
Ronna Simon
Bureau of Indian Affairs Gwen Bridge, Hydrologist,

Mescalero Apache Tribe

Dept. of Defense- Holloman AFB Fred Fisher
Michael Montoya
US Army Bob Myers, White Sands Missile Range
Tribal
Mescalero Apache Tribe Thora Padilla, Office of Environmental Protection

Livingston Associates, P.C.
Consulting Engineers
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State Agencies

NM Environment Department Jim Edwards, Ruidoso

The following individuals, although they are not representing public entities, have been
greatly involved in the planning process:

Leon Beck, Public, Alamogordo
Paul Burnett, Retired Meteorologist, Alamogordo

Norma Cinert, Farmer, Tularosa
Patrick Fudge,_Public, Tularosa

John Homan, Businessman, Alamogordo

Jerry Johnson, Real Estate Developer, Alamogordo
Elva Osterreich, Alamogordo Daily News, Alamogordo

Gordon Schweers, Farmer, Alamogordo

Ed Sullivan, Businessman, Alamogordo

Larry November, Public, La Luz Canyon

1.4 Previous Water Planning in the Region

1.4.1 Previous Studies

The water resources of the southeast side of the Tularosa Basin were described in 1915 by
Meinzer and Hare. Meeks (1950) discussed the ground water in the Tularosa and
Alamogordo areas. In 1958, J.W. Hood described the ground-water resources of the Boles
well field 8 miles south of Alamogordo; he also included many aquifer tests and an estimate
of recharge to the area. In 1958 Armour Research Foundation of the lllinois Institute of
Technology made a general water study of the Tularosa Basin (unpublished consultant’s
report to Holloman Air Force Base). Herrick and others (1960) discussed the area in a report
on the water resources of Tularosa Basin. Herrick and Davis (1965) showed the distribution
of potable and inferior water in the area. In 1967, W.C. Balance investigated the ground-
water resources of the Holloman Air Force Base well-field areas. McMorries and Associates,
in 1967, prepared a water and sewer report for the city of Alamogordo (unpublished consulting
engineer’s report to the city of Alamogordo). The extent and thickness of the saline-water
zones in the area were delineated by McLean (1970), and in 1971 Morris and Prehn presented

the potential for desalting ground water for a municipal water supply for Tularosa.

Livingston Associates, P.C.
Consulting Engineers

@

1-5



Tularosa Basin and Salt Basin
Regional Water Plan 2000 — 2040

Additionally, in 1982 Herkenhoff prepared an update to the City of Alamogordo Water Master
Plan, and the City is currently preparing a 40-year plan. The Village of Tularosa completed a
40-year water plan in 1996, and the Community of Timberon prepared a 40-year water plan
in 1997, with a later update. Otero County published a 40-year water plan in 1993 (prior to

the ISC Template), and contains valuable information used in this Plan.

Other reports have been prepared for various water-related issues in the Basin, and the

reader is encouraged to refer to the bibliography for a detailed list.

The first draft of the Plan was completed and submitted to the ISC in 1997, which primarily

discussed water demand issues and public participation.

1.5 Water Plan’s Contents

This Regional Water Plan (Plan) follows the outline provided by the ISC in the “Regional
Water Planning Handbook” dated December 1994. As required, the report emphasizes the
involvement of the public in the planning process and includes the results of the public input.
The RWP also provides an estimate of the water supply for the two basins (Tularosa and
Salt), an estimate of the current water demand by category of use, a prediction of the
demand for water over the next 40 years, and some recommended alternatives for reducing

or eliminating the current and long-term shortfalls where they exist.

As a means of further understanding the details of the regional water resource, the Tularosa
Basin was divided into three sub-basins: the north, the southeast (hereinafter called the
“east” sub-basin) and the southwest (hereinafter called the “west” sub-basin). These sub-
basins were further divided for hydrological analysis into major watershed areas since most
of the communities in the region depend upon specific canyon-type watersheds for their

water supply.

Although, from the standpoint of the estimated basin and sub-basin inflow of water, no water
shortages would be predicted for at least 15 to 20 years (and then only in the east basin), in

practice several communities are experiencing water shortages at the present time in the

Livingston Associates, P.C.
Consulting Engineers
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summer months. The physical availability of water will be affected by prolonged drought, and
continued reduction in storage of fresh ground water by mining (ground water pumping). This
Plan therefore addresses water issues at the local (community) level and recommends

solutions to these problem areas, some of which have developed into serious socioeconomic
issues between and within communities.

In the development of this Plan, we acknowledge that there may be deficiencies and

uncertainty in the data and analysis, subject to improvement as additional data may become
available.

Livingston Associates, P.C.
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2. DOCUMENTATION OF PUBLIC INVOLVEMENT
IN PLANNING PROCESS

2.1 Interstate Stream Commission Sponsored Water Workshop

A workshop, sponsored by the Interstate Stream Commission (ISC), was held in Carrizozo,
NM on July 25 and 26, 1995 for the Tularosa Basin and other regions in Southern NM. The
workshop was facilitated by Western Network and was well attended. It dealt primarily with
public participation issues. A subsequent workshop was held on September 15, 1995 in
Carrizozo with ISC, UNM-BBER and local representatives to discuss population estimates to

be used in the water plan.

Several additional workshops and meetings conducted by the ISC and Dialog have been

held in Albuquerque and Santa Fe and were attended by members of this region.
2.2 Background Summary of Region Prepared for Public

Prior to the beginning of public meetings, a handout was prepared and made available at
public meetings. This handout, along with the ISC brochure, gave background information on

the purpose of regional water planning.

A presentation with overhead slides was also prepared for use in presentations at public
meetings. The ISC's Regional Water Planning Handbook was also made available. Several
news articles were also published during the early stages of the planning process. The
original handout was revised and made available at subsequent rounds of public meetings
(refer to Appendix 2.1). A newspaper insert (14,000 copies) was published and distributed in

four local newspapers during the final phase of the planning process.

@
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2.3 List of Stakeholders and Participants

The major stakeholders involved in the development of this plan are listed in the introduction
section (Section 1.3). Throughout the development of the Plan, the public has been involved
in the process through the establishment of a steering committee, a series of 17 public
meetings and several newspaper articles. Participants at the 17 public meetings are listed
below. The first series of six public meetings was held between Nov 28, 1995 and December
19, 1995 with 101 people in attendance. The second series of six meetings occurred
between March 26, 1996 and April 11, 1996, with 102 in attendance. The third series of 5
public meetings was held between November 30, 2000 and January 25, 2001, with 86
attending. All meetings had similar objectives of providing information specific to
communities and receiving feedback from the public. The meetings were held in the
communities of Corona, Carrizozo, Tularosa, Alamogordo, Holloman AFB, Orogrande, High

Rolls, Boles Acres and Timberon.

Flyers were posted in public buildings, public announcements were made on the radio, and
newspaper notices were prepared in order to inform the public about meeting dates and
locations. Articles were written by the Alamogordo Daily News covering some of the
meetings. An 8-page report summarizing the Plan was inserted into the Alamogordo Daily
News and other newspapers in January 2001, and is estimated to have reached more than
10,000 households.

A total of 280 persons attended these public meetings, and provided helpful comments
(many of which have been implemented into the planning process). Overall, more than 100
comments were discussed, including a number of comments that were received by mail on a
“mail-in” comment form provided by the RC&D Council. To-date, the public has realized the
need for future planning of water resources, and welcomed the opportunity to be involved.
Additionally, a presentation was made at the New Mexico Chapter of the American Water
Resource Association annual conference in Ruidoso, NM. Refer to Appendix 2.1 for

information, articles and dates on the public participation program.

o
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Corona — November 28, 1995

Greg Haussler
Hollis Fuchs
Sue Steans

J. Gibbs

Nolan Vickery
Ellis Hodge
Howard Harkey
Karen Lerner
Van Shamblin
Glenn Brimm

20 people

Hazel Bickford
Robin Ofuffer
Robert Bishop
Timothy Sanchez
Eddie Livingston
Curtis Schrader
Keith Kkessler
Teresa Barajas
Howard Shanks
Jim Edwards

Participants of the first series of meetings:

Tularosa- December 4, 1995

Linda Julien
Adam Kusmak
Joe M. Danzey
Guenna Rees
Jack Rees

14 people

Dan Abercrombie
Stephen E. DuBois
Richard Gutierrez
Howard Shanks
Margie Truijillo

Tom McKean

Jim Danlof

Nathan Dangeldein
Eddie Livingston

Timberon- December 6, 1995 (Salt Basin) 28 people

Howard Shanks
Chris Murtishaw
Mark Clark

Jack Deaton
Raymond Wilson
Charla Jean Campbell
Kenneth Bradshaw
Sonny Griffin

D.D.

Curtis Reece

Ruby Reece

S. Hollobaugh
Helene M. Cook
Butch Haupt

Dave Ayers
Ernestine Holler
Richard Moore
Paul R. Davis
Larry Watson
Bill Berkebile
Dwight Haisley
Keith Kessler
Curtis Schrader
Debbie Goss
Sid Benson
Evert Hicks

D. Murtishaw
Eddie Livingston

Carrizozo/Nogal - December 8, 1995 8 people
Rene Burton Carol Schlarb
Greg Haussler Ruth Armstrong
Keith Kessler Eddie Livingston
E. Williams Howard Shanks
Livingston Associates, P.C. §i=
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Orogrande - December 11, 1995

Karen Lerner
Eric Bailey

Linda Wilkerson
Don Crottzau
Bob Larceval
Leslie Honsberge
Theresa Kaup
Bear

Keith Kessler

19 people

Al Tengelitsch

Mr. & Mrs Edward Johnson
Joe Bailey

Ellen Bailey

Don Wilkerson

Doug Essex

Delta Rumsey

Earl Johnson

Eddie Livingston

Alamogordo - December 19, 1995

Angie M. Peck
David P. Gallagher
John Poland

Jean Dodd

Aubrey Dunn Sr.

12 people

Joe Kenney

Rae Kenney

Joe P. Moore
Robert D. Bishop
Lisa Turner
Eddie Livingston

Orogrande - March 26, 1996

Eric Bailey
Joe Bailey
Doug Essex
Raul Rojas
Don Wilkerson
G. Rojar

11people

Al Tengelitsch
Troy Raines
Lon Miller

Earl Johnson
Eddie Livingston

Participants in the second series of meetings

Timberon - March 28, 1996

Howard Shanks
Jean Campbell
Grace Meyers
Mary Frances Seidl
Flo Stapelton

Rose Marie Setzer
Gloria Spradley
John Stapelton
Bob Crislip

Paula Crislip

19 people

Debora England
Dave Ayers
Dwight Haisley
Larry Watson
Betty Reece
Curtis Schrader
Eddie Livingston
Yvonne La Rrue
Bill Berkebile

2-4
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High Rolls - April 2, 1996 8 people
Mel Pierce Curtis Schrader

Clint McElhevy Eddie Livingston

Joe Chambers Helen Richardson

Phil Haseltine R.R. Richardson

Carrizozo/ Nogal - April 4,1996 10 people

Howard Shanks Rene Burton

Keith Kessler Bettye Martinez

Jim Edwards Eileen Lovelace

Faustino Gallegos Van Shamblin

Frances Boling Eddie Livingston

Tularosa - April 9, 1996 36 people
George Hanawalt Ray Quick

Carol Guilez John Rees

Chon Guilez Bill Julien

Lisa Turner Linda Julien

R. Jackie Sandoval Gwenna Rees
John Stockert Bob Carr

Eddie Vigil J. Howard Blackburn
Robert Baca James Williams
Norma Cinert Stephen DuBois
Gladys Nosker Robert Bishop
Lowell Nosker Bill Trammell
Sharon Perry Dan Abercrombie
Bill Hayhurst Frann E. Bird
Robyn Hayhurst Joe B. Bird

Tony Tafoya H.B. Shaw

Joe N. Demanguy Ken Hughes

Karen Lerner Stephanie L. DuBois
Fred Utter Marjorie Trujillo

Eddie Livingston

Alamogordo -April 11, 1996 18 people
Paul Burnett Charles Walker

Leslie Bond Thelma Walker

Joe Kenney Evelyn Cook

Roe Kenney Alvin Cook

Darrell Burrows Dennis Cremmins

J. Williams Barbara Wagner

Roy Quick Jim Wagner

Sharon Perry Bill Hornback

Norma Cineret Bob Fisk

Eddie Livingston
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Participants in the third series of meetings

Tularosa - November 30, 2000 & January 23, 2001 36 people
Howard Shanks Beatrice Gonzales Walt Johnson
Don Ogden Judy Dorgen Pub Hartwig

Pat Fudge Margie Truijillo Patty Hartwig
Tom Springer Michael Dorame Ernest Lopez
Norma Cinert Tom McKean Lucy Hill

Bob Carr Beverly Fudge Pete Gilliland
Melissa Uhles Paul Troutt Dave Dorgen
Joan Price Dave King Carol Torres

Bill Mitchell Lance Geist Tom Springer

B. Mitchell Mary Beth Cicala Eddie Livingston
George Hanawalt Ethel M. Chavez Richard Gutierrez
Tamiris Duke Gerald Marr Coy Webb

Carrizozo / Nogal - December 5, 2000 17 people

Keith Kessler Ruth Armstrong
Tom Roybal Dub Williams
Dusty Voss Eddie Livingston
Pat Voss Sue Stearns
Ralph Meeks Van Shamblin
Howard Shanks DeAnn Kessler
Pete Gnatkowski Tony Sanchez
Rene Burton Jim Edwards

Eileen Lovelace

Timberon - January 17, 2001 11 people
Betty Reece Grace Meyers
Colleen Gillmonthe Caroline Bompart
Mary Fran Rudy Lidbeck
Ray Lag Howard Shanks
Fred Willis Coy Webb
Gary Scott
Boles Acres - January 25, 2001 7 people
Howard Shanks
Joyce Powell
Marvin Powell
Coy Webb
Wanda Boles
Al Smith

Esther Derimel

2-6
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Alamogordo - January 18, 2001 15 people

Howard Shanks Rick Warnock

Tom Springer Innis Lewis

Ralph Kester Paul Troutt

Lori Shoes Louis Delan

Gerald Caring Eddie Livingston

Charlene Garing Jonna Lynn Schaffer- Salt Basin
Beverly Warnock Jane Shafer- Salt Basin

Dale Leith- Salt Basin

2.4 Public Comments

2.41 Comments

More than 100 comments from a total list of attendees of about 280 were received, taken into
consideration, and incorporated into the plan where appropriate. In addition to verbal and
written comments provided by the general public at public meetings held throughout the
region, a number of people representing different viewpoints on water issues attended
regional water planning committee meetings. These individuals not only provided direct input
to the document at the meetings, but, in some instances, were invited to submit a “position”
paper incorporating their viewpoint. These viewpoints are included in Appendix 2.2. Four
major papers included in Appendix 2.2 are (1) a simplified analysis of the safe yield of water
from the Holloman Air Force Base’s Boles Well field (a number which appears to be in
disagreement with the OSE administrative model that has been run for the same conditions
for that area), (2) another perspective on watershed management that includes the
construction of small dams in selected canyons in the eastern basin in order to reduce flood
damage, while, at the same time, allowing water to recharge the aquifer, (3) a viewpoint held
by the Sacramento Mountain Water Restoration Corporation (SMWRC) on the issue of
“‘public welfare”, a viewpoint that includes more than just economics in the evaluation of
“beneficial” use of water, and (4) a resolution adopted by the SMWRC regarding their
position relative to the currently proposed location of a regional desalination plant, about the
level of the TDS of the feed water to the plant, and about its alleged impact on the water

supply in the mountain areas.
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Public comments were recorded at each meeting and documented in a data base contained

in Appendix 2.2.
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3. STRATEGY CHOSEN TO MAXIMIZE PUBLIC INVOLVEMENT

The RC&D Council was successful in receiving the initial grant from ISC for the first phase of
the Regional Water Plan in May 1995. This focused on the demand portion of the Plan and
initiated the public participation process. The RC&D Council was well suited to sponsor the
planning effort due to its involvement with local communities and counties for the past 30
years in the Tularosa Basin. The Council issued a request for proposals on September 25,
1995 and selected a local firm, Livingston Associates,P.C. for development of the regional
water plan. The selection of Livingston Associates was an important consideration in the
committee’s choice due to the firms knowledge of local issues and its accessibility to the

public.

The strategy to maximize public participation centered on the formation of a local water
planning committee, which was formed during the initial planning process. This committee
has been active since 1995 and has held monthly committee meetings. The committee
represents the major water users in the Tularosa and Salt Basins and also has a good cross
section of individuals representing various water interests in the area. The use of media,
primarily newspapers, including newspaper articles, notices, feature stories, and inserts, was
the main method of informing the general public. A representative of the Alamogordo Daily
News was a member of the planning committee and attended meetings regularly. Other

methods included community meetings, and presentations to civic groups.

The final phase of the study began in August 1999 and was completed in December 2001.
This phase added a new area to the planning region, which was the Salt Basin. This Basin

has become very important due to the potential availability of unappropriated ground water.

In May 1999 a more formal arrangement was established by developing cooperative
agreements with the communities within the study area. The final phase of the study began
in August 1999 and was completed in December 2001. A list of attendees is included in
Section 2.3 of this report. Lincoln and Otero County Commissions were given status reports

during this period. Representatives from the Mescalero Apache Indian tribe have attended

tw
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committee meetings and their Natural Resource Committee was briefed and given copies of
the newspaper insert.

As noted above, the committee prepared a newspaper insert for wide distribution within the
planning region. Approximately 14,000 copies were inserted into 4 newspapers covering the

region. This insert provided readers with the basic outline of the regional water plan and
provided readers with an opportunity to comment.

Livingston Associates, P.C.
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4. BACKGROUND INFORMATION

4.1 Description of Water Planning Region

4.1.1 Location and Boundaries of Planning Region

The location of the planning region for the Draft Tularosa Basin and Salt Basin Regional
Water Plan 2000 — 2040 includes portions of Dona Ana, Lincoln, Sierra, and Socorro
Counties that lie within the Tularosa ground water basin, and extends approximately 170
miles from the New Mexico-Texas state line north to Corona. This Plan also includes the
Sacramento River area and the Salt Basin, southeast of Alamogordo, which incorporates the

water uses of the community of Timberon, Pinion and a few outlying ranches.
4111 Tularosa Basin

The Tularosa Basin encompasses approximately 6,500 square miles in south central New
Mexico and is an arcuate, down-faulted basin that extends northward approximately 170
miles from near the New Mexico-Texas State line. The basin is bounded on the east by the
uplifted Sacramento Mountains and Sierra Blanca Peak and on the west by the uplifted
Franklin, Organ, and San Andres Mountains. Chupadera Mesa forms the northern basinal
boundary, and a gentle topographic rise separates the basin from the Hueco Bolson to the
south. The Tularosa Basin provides a source of both ground water and surface water for the
communities of Carrizozo, Nogal, Three Rivers, Mescalero, Tularosa, Alamogordo, and
Holloman Air Force Base. Additionally, numerous small rural water systems and domestic
well users are supplied. Refer to Figure 4.1 for a map of the Tularosa Basin. In addition,
Bonito Lake, located in the Pecos Valley Watershed supplies a significant amount of water to

the communities of Nogal, Carrizozo, Alamogordo and Holloman Air Force Base.
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41.1.2. Salt Basin

The Sacramento River is located in Otero County, southeast of Cloudcroft and within the
Sacramento Mountains. The Sacramento River area provides a source of ground water and
surface water to the communities of Timberon and Orogrande. The Sacramento River is part

of the Salt Basin. Refer to Figure 4.1 for a map of the Salt Basin.

The Salt Basin is in the southeastern part of Otero County. The Salt Basin is an extensional
basin that widens to the south and is bordered on the north by the Penasco Basin, the east
by the Guadalupe/Brokeoff Mountains, and the west by the Hueco Mountains/Otero Mesa.
Presently, about 2,500 acres of land in New Mexico, mostly near the Texas State line, is
irrigated from wells. The development in New Mexico is a northward extension of a large
irrigation development centered around Dell City, Texas, which is a few miles south of the
State line. The principal agricultural products are alfalfa, and livestock. The Crow Flats area

of the Salt Basin is sparsely settled.

The alkali flats at the bottom of the valley are about 3,614 feet above sea level, and
sinkholes are common north of the alkali flats. A long slope, or bajada, lies between the
valley floor and the base of mountains bordering the valley. Many isolated bedrock hills stand
above the valley floor. The limestone uplands bordering the valley are drained by steep-
sided, flat-bottomed canyons. Some smaller closed basins occur within, or adjacent to, the
main closed drainage basin. The drainage of the basin is into a series of playas or alkali flats
that extend along the valley floor from about 5 miles north to about 50 miles south of the New
Mexico-Texas State line (Bjorklund, 1957).

4.1.2 Geography and Landscape

41.2.1 Tularosa Basin

e Physical Features

The Tularosa Basin, 6,500 square miles in extent, is an elongated desert valley which
comprises about 5 percent of the Rio Grande drainage basin (135,000 square miles). Land-
surface altitudes within the basin range from less than 4,000 feet in the barren alkali flats in

the south-central part to almost 12,000 feet at the crest of Sierra Blanca Peak. The present
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topography of the basin results from north-trending, nearly vertical, normal faults which were
active in middle to late Cenozoic time. These faults created a structural trough, or graben,
that is bounded on the west by the Franklin, Organ, and San Andres Mountains, the Sierra
Oscura, and Chupadera Mesa; on the east the graben is bounded by the Hueco and
Sacramento Mountains, Sierra Blanca, Tucson Mountain, Patos Mountain, and Gallinas
Peak. The basin is bounded on the north by a broad, high topographic divide and on the

south by an almost imperceptible divide separating it from the Hueco Bolson in Texas.
The floor of the basin slopes gently southward and contains many depressions, or playas,
that have no drainage outlet. These depressions form ephemeral lakes during rainy periods;

when dry they commonly become alkali flats.

¢ Precipitation and Runoff

Mean annual precipitation in the basin ranges from about 10 inches in the central part to
about 26 inches on the higher mountain slopes. Maximum rainfall occurs during the winter
months (January through March) and during summer thunderstorms from July through
September. Significant precipitation also comes from winter snowfall during the months of

December through March.

Precipitation on the mountain slopes surrounding the basin runs off in intermittent streams
that drain toward the center of the basin, or moves as ground water flow through alluvial
deposits in the bottom of stream channels. At the apex of each alluvial fan some of the runoff
infiltrates to the ground water body. Runoff passing beyond the toes of the alluvial fans flows
out into the basin and evaporates on the playas (“dry lakes” or “alkali flats”), depositing the
dissolved solids. Accretion to the ground water body occurs mainly during winter storms. The
intense summer thunderstorms produce high runoff of such short duration that little water is

recharged to the ground water body.

4.1.2.2 Salt Basin

e Physical Features

The central part of the closed basin is known as Salt Basin, and the Crow Flats area is in the
northern part of Salt Basin. The southern part may be topographically separate from Salt

Basin, as is the Sacramento River drainage basin in the northern part of the closed basin.
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The valley occupied by Crow Flats is quite irregular in shape and ranges in width from about
5 miles to about 12 miles. It is bordered on the east by the Guadalupe and Brokeoff
Mountains and on the west by a limestone upland. The valley floor north of the alkali flats or
playas is relatively flat and uniform over a width of 2 to 5 miles. On each side of this
relatively flat strip is a long, gentle slope between the base of the mountain and the middle of
the valley. Such a slope, called a bajada, is formed by the coalescing of alluvial fans at the
mouths of the many canyons. The bajada is steepest near the mountain and becomes
progressively flatter toward the center of the valley. Differences in elevation from the toe to
the top of the bajada range from about 500 feet to more than 1,000 feet. A bajada occurs on
each side of the valley but it is better developed on the east along the bases of the

Guadalupe and Brokeoff Mountains.

The playas or alkali flats, also called salt lakes, are approximately level, stand at an elevation
of about 3,414 feet above sea level, and, within the Crow Flats area, are about 0.5 miles
wide. They generally are bounded by an abrupt elevation rise of about 10 to 20 feet. An
explanation of this feature as suggested by Meinzer and Hare (1915, p. 44-45), and later
reiterated by King (1948, p. 137), is that the alkali flats probably are swept clear and
extended by wind erosion. Apparently the wind has carried away the dry earth above
ground-water level but has encountered an effective downward limit of cutting at the surface
of the moist earth above the water table. Some dune and hummocky areas occur on the
east side of the playas, where the eolian material has accumulated in hills and around

clumps of vegetation. The dune material consists of quartz and qypsum sand.

e Precipitation and Runoff

The average annual precipitation in the Salt Basin is about 9 inches in the valley and about
20 inches on the Guadalupe Mountains east of the valley. Most of the rain falls during the
months of May through October, when localized thunderstorms and cloudbursts are
common, but the summer precipitation is not adequate for growing crops and must be

supplemented by irrigation.

Recharge to the ground water reservoir is principally from the Sacramento River and also
from infiltration of precipitation within the basin. The latter is believed to occur mainly from
flash floods in the beds of ephemeral streams. Natural discharge occurs by evaporation from

the alkali flats, which cover about 37,000 acres in New Mexico and Texas.
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Canyons that drain the upland areas are steep sided and flat bottomed, their shape
suggesting that at one time they were much deeper than they are today and that they have
been partly filled, along with the valley, with material eroded from the highlands. These flat-
bottomed canyons and their flat-bottomed tributaries range in length from about a mile to
more than 20 miles, and each canyon bottom contains a broad creekbed strewn with cobbles
and boulders, indicating the occurrence of many floods. The topography along these
drainage courses is mature, although runoff is rapid. The various rock washes do not reach
the bottom of the bajada but become obscure as the gradient flattens and floods spread out
and lose velocity. The coarse material is dropped on the bajada and only silt, clay, and

dissolved minerals are carried to the alkali flats (Bjorklund, 1957).

4.1.3 Climate

4.1.3.1 Tularosa Basin

The climate of the southeast side of the Tularosa Basin is varied, primarily because of the
differences in land surface altitude. The precipitation and temperature stations of
Alamogordo, Tularosa, and Orogrande reflect an arid climate, and the stations at Mescalero,
Mountain Park, and Cloudcroft, in the Sacramento Mountains of the eastern part of the area

reflect dry to moist subhumid climates.

Precipitation in the Tularosa Basin occurs during two periods. Winter precipitation, as rain on
the basin floor and snow at higher elevations, falls during the period December until March.
Summer precipitation usually occurs as intense thunderstorms during the period July through
September. Rainfall on the floor of the basin is insufficient for cultivated crops and

consequently, surface and ground water is used for irrigation.

Winters commonly are mild and the snowfall is light except in the higher mountainous areas;
summers are hot in the lower parts of the basin but are cooler in the mountains. Tularosa

and Alamogordo have an average growing season of about 216 days.
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41.3.2 Salt Basin

The climate of the Crow Flats portion of the Salt Basin is typical of the semiarid Southwest.
The winters are generally short and mild and the summers hot and dry. Sunny days are
prevalent throughout the year and, although most summer days are hot, the nights generally
are cool; temperatures during a year usually range from about 10° to about 106° F. The
average annual precipitation is about 9 inches in the valley and about 20 inches on the
Guadalupe Mountains east of the valley. Most of the rain falls during the months of May
through October, when localized thunderstorms and cloudbursts are common, but the
summer precipitation is not adequate for growing crops and must be supplemented by
irrigation. Dust storms are common in the spring, and evaporation rates are high during the
summer (Bjorklund, 1957).

4.1.4 Major Surface and Ground Water Sources

4.1.4.1 Tularosa Basin

The major surface and ground water sources for the Tularosa Basin are discussed in detail in
Section 6.0. Refer to Figure 4.2 for a map of the major watersheds in the Tularosa Basin and
surrounding areas.

41.4.2 Salt Basin

The major surface and ground water sources for the Salt Basin are discussed in detail in
Section 6.0. Refer to Figure 4.2 for a map of the major watersheds in the Salt Basin and
surrounding areas.

41.5 Demographics

4.1.5.1 Tularosa Basin

The major population center in the Tularosa Basin is the City of Alamogordo, with about

32,000 persons (1995 data). The Village of Tularosa, Town of Carrizozo and Holloman Air
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Force Base each have current permanent populations of a few thousand. Approximately

50,000 people reside in the Tularosa Basin, with more than 4,000 as rural residents.

4.1.5.2 Salt Basin

Timberon and Pinon are unincorporated communities within the Salt Basin, with a population
total of about 450. Rural residents located in the southern portion of the Salt Basin make up

only about 50 people.

4.1.6 Economic Picture

4.1.6.1 Tularosa Basin

In 1996 and 2000 respectively the City of Alamogordo and Otero County commissioned
Economic Development Strategic Plans in order to provide consistent and concise guidelines
for future economic growth. Both plans recognize the need for economic growth in order to
provide jobs and raise the standard of living for Alamogordo and Otero County citizens.
Juxtaposed against this need for economic growth is the constraint of limited water to
support new and expanding businesses. Both of these entities have placed self-imposed
constraints on new businesses by not providing encouragement to businesses that are ‘high
water users’. Specifically, the Otero County Plan states that it promotes “Industry that does
not use large amounts of water in its production processes." It further states that "Exceptions
may be made in instances where the water is mostly reprocessed rather than discharged.”
The Alamogordo plan is similar, and indicates that there is a short term need to improve
water distribution, while a long term water plan is needed which encourages water

processing for new sources.

The support the city and county can provide might be, but is not limited to, the following
incentives: Industrial Revenue Bonds, tax abatements, and/or infrastructure improvements.
In the current highly competitive site selection market, county and city incentives are crucial
to successfully recruiting new businesses to a community. Without the support of the county
and the city it is unlikely that any manufacturer of any size would locate in Otero County or
Alamogordo. The water availability constraint will effectively prevent many high-paying

industrial and agricultural manufacturing companies from locating their businesses in Otero

@

Livingston Associates, P.C
4-7 Consulting Engineers



Tularosa Basin and Salt Basin
Regional Water Plan 2000 — 2040

County. Unless new sources of water can be developed, the city and county may be

extremely limited in the types and sizes of industry they can support.

In Carrizozo, which is in Lincoln County, water resources are not a limitation. Carrizozo is
located at the crossroads of Highway 380 and Route 54. The local economy has limited
financial resources, but the town has shown gradual growth over the last few years. New
businesses as of this writing include Sierra Blanca Microbrewery, Richmond Tire, and
several service stations and restaurants. A new detention center will be completed soon,
and a carbon recycling plant has shown interest in locating in the area. Land is affordable,
and there has been some residential growth. Water system infrastructure improvements are

required to meet the needs of local growth, but water supply is not seen as a limiting factor.

4.1.6.2 Salt Basin

e Timberon

Timberon is a small community located 31 miles south of Cloudcroft. It is situated in the
Sacramento Mountains at an elevation from 6,700 to 7,600 feet. The current area of
Timberon is 9,350 acres and the permanent population is approximately 280. There are
presently 7,653 lots of which only 435 are presently connected to a water meter, which
indicates the tremendous potential for future growth. The favorable climate and beauty of the
mountains provides a unique attraction for retirees and seasonal residents. The paving of the
road from Sunspot also may improve the opportunities for growth. However, water is the
limiting factor and there is cause for concern due to the reduction in flows from Carrisa

Spring and the difficulty in finding alternative sources.

The community is governed by a water & sanitation board. The district infrastructure includes
water production and distribution, roads, airfield, and recreational facilities (golf, tennis,

fishing, swimming pool, parks and a community lodge).

The community has a small business section including condominiums, grocery store, post
office and real estate offices. A small business involved in utilizing small diameter materials
from forest thinning is starting up. The community has received a grant to cost share the cost

of thinning lots for fire protection. The community has had several wildfires in the recent past
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and their fire department is developing plans to deal with wildfires. The community is also

developing an economic action plan to improve their economic status.

e Sunspot

There are two observatories located at the head of the Sacramento Watershed
approximately 16 miles south Cloudcroft. One is the National Solar Observatory and the
other is an astronomical observatory known as Apache Point. The solar facility is a national
center for research of the sun. It is federally funded with approximately 65 full-time
employees and an annual economic impact to the county of almost $9.5 million. The water
supply for both facilities comes from wells nearby and appears adequate for current and
future needs.

e Salt Basin

The Sacramento River is a major contributor to the ground water reserves in the Salt Basin.
This area consists mainly of desert grassland and shrubland and is used mainly for grazing
and military operations. The recent discovery of large natural gas field and the realization
that this area also has a tremendous supply of high quality ground water reserves makes the
area a sleeping giant in terms of economic development opportunities. The natural gas field
lies mostly under federal lands, which limits potential for full development. The water
resources, however, are in control of private landowners and the possibility of exporting
water from this region is being seriously considered, and the Regional Water Planning
Committee is not opposed to the marketing and sale of Salt Basin water inside or outside the
Salt Basin.

4.1.7 Land Ownership and Land Use

Land use and ownership data were provided by the New Mexico Water Resource Research
Institute (WRRI) at New Mexico State University, and includes acreage by various use and
ownership classifications. Refer to Figure 4.3 for a Land Use map and Figure 4.4 for a Land

Ownership map of the Tularosa and Salt Basins.
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4.2 Historical Overview of Water Use in the Region

4.2.1 Tularosa Basin

Between 1861-1862 heavy rains and flooding in the Rio Grande valley drove a group of
Mexican farmers to the Tularosa valley. They attempted to locate themselves on the
Tularosa River about 15 miles from the present day Village of Tularosa but the Apaches
made it impossible to settle there. In 1862, an engineer named Bailey laid out the town for
them, which is now the townsite. Trouble with the Indians continued at intervals until 1884.
Less than a year later, on April 2, 1863, the first irrigation water flowed through the small

community. The second permanent settlement occurred at La Luz between 1863 and 1864.

The first cattle ranches were started in the Basin in the decade between 1870 and 1880 and
the most notable was Oliver Lee who began building his empire in the mid 1880’s. He
established a ranching empire including irrigated lands in the Dog Canyon and Alamo

Canyon areas.

In 1897, Oliver Lee sold the water rights from Alamo Canyon to C.B. Eddy. This caused a
new epoch in the history of the Basin, for in 1898, Eddy established his railroad and the
communities of Alamogordo and Carrizozo flourished. Cattle ranching and irrigated farming
grew along with the mining, timber and timber industries. It would seem that water was the
necessary element for success, yet it became a problem for the railroad. Loaded with
gypsum, it impaired the performance of the steam engines, which literally came to a standstill
when using the poor quality water. Mountain water delivered by the Bonito and Sacramento
pipelines was to become the new solution to water quality problems. Water development in

the canyons continued with ditch works and pipelines utilizing surface water and springs.

The Bonito Canyon pipeline was built in 1907 and the dam was built in 1931 to serve the
needs of the railroad for their steam engines and also to supply water to the communities of
Carrizozo, Nogal and Ft Stanton. It is located about nine miles north of Ruidoso in the Lower
Pecos River drainage. The lake is approximately 45 surface acres with a capacity of 1,090

acre-feet of storage. In 1953, the railroad began changing locomotives from stream to diesel

@

Livingston Associates, P.C
4-10 Consulting Engineers



Tularosa Basin and Salt Basin
Regional Water Plan 2000 — 2040

had less and less need for the mountain water. Because it felt obligated to Carrizozo and the
neighboring communities, which the Bonito pipeline served, it gave them first opportunity to
purchase the pipeline. Carrizozo was unable to afford the maintenance and declined to
purchase the pipeline. Ruidoso and Capitan were offered the opportunity to purchase the

lake but could not come to terms with the railroad.

In 1954 Alamogordo agreed to purchase the pipeline and lake. This agreement did not set
well at first with users of the pipeline due to the fear that Alamogordo and Holloman would
take all of the water. The Pecos Valley Conservancy District also became concerned and
filed a suit to stop the sale, renewing charges from a 1934 suit. Eventually, a compromise
was reached quantifying the amount Alamogordo, and Holloman would receive. Carrizozo,
Nogal and Ft. Stanton were also guaranteed their water rights. Terms of the agreement
stated that Alamogordo would also be responsible for maintenance, and the bulk of the water
would be shared equally between Alamogordo and Holloman Air Force Base. The remainder
was to pass over the dam into the Bonito River and into the Pecos Basin. There was also a

stipulation that Bonito Lake was never to be closed for public recreation use.

The first part of the Bonito pipeline from Bonito Lake to Nogal has been replaced with a new
pipeline. Holloman AFB has received an appropriation from Congress to replace
approximately 50 miles of the pipeline between Carrizozo and Tularosa, thus assuring a

supply of high quality water to the basin.

The Three Rivers pipeline is located on the Colin McMillan ranch and is still used for
agricultural purposes. It was built by Albert Fall to replace an open ditch constructed from the

Mescalero Apache boundary to his home.

The water developments within the Basin were the lifeblood of the region and contributed to
the quality of life enjoyed by all residents. The railroad made some agreements with the
ranchers who had owned the water rights of the Sacramento and Three Rivers lines allowing
them water for their own use. However, when the railroad bought the water rights in the
Bonito Canyon, no such provision was made and most of the settlers were forced to leave

the Bonito Canyon.
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Those settling the canyons where springs and surface water were abundant began having
disputes over water. The records in the Lincoln, Otero and Dona Ana County Courthouses
are full of agreements, affidavits, and contracts regarding land and water deals, as well as

many settlements by court actions.

In order to address water disputes, the first comprehensive water law was enacted by the
Territorial Legislature in 1905 and then amended in 1907. This law adopted the surface water
code and established the position on Territorial Engineer (now the State Engineer). Shortly
thereafter, adjudication of rights of the Rio Tularosa, and the La Luz/ Fresnal Stream system
were initiated to settle disputes and secure the vested rights of the early settlers who had

risked their lives to develop their lands.

The following 30 years brought many sales and trades for water rights. The railroad was still
the main appropriator and continued buying up rights and developments by whatever means

available. The farmers around Tularosa and La Luz continued using surface rights.

Then, the event that would bring the entire nation together (and greatly impacted the
Tularosa Basin) was World War Il. The Alamogordo Army Air Field, now known as Holloman
Air Force Base and the White Sands Proving Grounds literally turned the small community of
Alamogordo into a city overnight. This growth caused an immediate water shortage and it
became imperative for Holloman AFB to secure a dependable supply. In 1942 a 5” pipeline
was constructed from Alamogordo to HAFB. The end of the war brought temporary relief due
to the reduction in personnel. However, Holloman AFB was soon activated for missile
development bringing families of the men stationed there. To relieve the situation at
Holloman AFB, the Luther Boles well field was purchased and developed. The wells were
used in spring and summer and water was purchased from Alamogordo in fall and winter.

Alamogordo also began developing additional water sources in 1947 from La Luz Canyon.

The years between 1949 and 1960 saw the greatest activity in commercial irrigated
agriculture in the Basin, centered on Tularosa. The Tularosa Ditch was limited on the number
of farms it could serve, so many farmers drilled wells and began growing alfalfa, cotton and
chili. There were some small dairies as well. The period beginning in the 1970’s saw new

crops, such as pecans and pistachios, irrigated by drip or sprinklers. Farming is still a viable
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industry in the Tularosa Basin, but pressures from urban growth and poor economic returns

threaten the survival of commercial agriculture.

The Office of the State Engineer declared the Tularosa Underground Water Basin in 1982
and also established administrative criteria for the area between Tularosa and Alamogordo
for strict controls of additional withdrawals in that area. The administrative criteria for the rest
of the basin (outside the urban areas) are not as strict on receiving approvals for drilling

wells.

4.2.2 Salt Basin

In 1897, Oliver Lee constructed a ditch and diversion dam on the Sacramento River for his
range and home in 1000-Mile Canyon. The ditch extended to his Upper Juniper Reservoir,
thereby providing dependable water for his ranch and home. In 1905, the Southwestern
Smelting and Refining Company purchased water from Mr. Lee and built a pipeline to
Orogrande for its smelter. Another prominent rancher, W.H. McNew purchased water from
Lee and developed an extensive water system for his ranching operations. Both of these

pipelines are in existence today, although in a state of disrepair.

Other ranchers began their ranching operations in the Salt Basin during the early 1900’s and
relied on wells for livestock, domestic use and irrigation of small gardens. The first irrigation
well for commercial agricultural purposes was drilled in 1947. Several other wells were drilled
in the 60’s culminating in a fairly active farming region during the 70’s with approximately
6,000 acres under cultivation. The water was of high quality and quantity. Poor prices, high
pumping costs and distance to market caused the decline of this endeavor. The ranchers
and farmers, recognizing the value of their water, formed an informal organization called the
Last Chance Water Company in 1997 with the intention of marketing its water to both in-state

and out-of-state users.

The Timberon resort area was established in 1969 by a group of New Mexico businessmen.
Judge Paul Moss of Odessa Texas purchased this property originally in 1933. He developed
some rather extensive irrigation systems that supplied water from Carrisa Springs to the
growing area in the Sacramento Valley where the present day airstrip is located. The area

was developed as a resort area and still depends on the springs as their main source of
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water. The current output of the springs has diminished considerably (650 gpm down to 75

gpm) and the Community of Timberon is drilling wells to supplement this supply.

On September 19, 2000, the Office of the State Engineer declared the Salt Basin, giving the
OSE administrative control of water rights issues.
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5. LEGAL ISSUES FOR THE REGION

(Note: The majority of Section 5 was taken from the Otero Co. 40-Year Water Plan, 1993)

5.1 Water Laws Relevant to the Region

New Mexico water law broadly states that “all natural waters belong to the public and are
subject to appropriation”. New Mexico law provides that water may be appropriated, or taken

for use, on the basis of three principles.

1). All surface and ground water belongs to the public and is subject to appropriation
for beneficial use. An appropriator does not own the water, only the right to divert or
impound and use it. However, a person who uses water for fishing or rafting is not
establishing a right to that water because water has not been diverted from that
stream. Surface water is governed by the State’s surface water code, enacted in
1907 by the Territorial legislature. With few changes, this law remains in effect today.
The surface water code confirmed the validity of all rights, which existed prior to its
enactment. In 1931 the New Mexico legislature enacted the ground water code,
which closely followed the surface water code, and extended the state engineer’s
responsibility to include the administration of ground water within declared ground
water basins. The state engineer may declare a geographical area a ground water

basin when he determines that it has reasonably ascertainable boundaries.

2). Beneficial use is the basis, measure and limit of the right to use water. Agricultural,
domestic, recreational, municipal, industrial and other uses are considered beneficial
as long as there is no willful waste of the water. In New Mexico all beneficial uses are

considered equal regardless of the economic value produced by the use.

3). Priority of appropriation gives the better right. Priority is based upon the date on
which construction of works for the beneficial use of water began or on which a notice
of intention or an application to appropriate water was filed with the state engineer.

The user with the earliest priority date is entitled to receive a full appropriation before
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those with later, or junior, priorities receive theirs. This concept is referred to as the

doctrine of prior appropriation.

The state engineer, who is appointed by the governor and confirmed by the Senate, is
responsible for the administration of the State’s surface and ground water according to these

principles (refer to Appendix 5 for additional discussion on water rights administration).

State statute 72-14-43, and 44, NMSU 1978 as amended (1993 Cumulative Sup.) authorizes
planning for the future water needs of New Mexico and its various regions. The Interstate
Stream Commission (ISC) is authorized to appropriate ground water or to purchase water
rights on behalf of the various regions of the state. The ISC is also authorized to make grants

to the various regions for planning purposes.

Art. XVI sections 1-5, 72-1-1 et seq., NMSA 1978 Comp., as amended establish prior
appropriation and beneficial use as the fundamental principles of New Mexico water law. In
addition the various regions of the state may differ in important particulars as to the “local
water law”. For example, the surface waters of Tularosa Creek are subject to a District Court
adjudication decree, which impacts that portion of the region and may alter the approach to
planning that is required for the communities served by that source. In addition, the
Mescalero Apache Tribe’'s sovereignty must be respected since the Tularosa headwaters

originate on tribal lands.

Two new terms have been introduced into the water law arena by the State Legislature. They
are: “public welfare“ and “conservation”. These elements were first introduced by Sporhase
v. Nebraska, 458 US. 941 (1982). In Sporhase the Supreme Court of the United States
approved these criteria as factors to be considered when any individual state was
considering interstate issues concerning water. Public welfare or public interest has played
an incidental role in New Mexico’s water law. Although the two were ignored administratively,

occasionally one or the other would surface in the Courts.

Almost immediately after the Sporhase supra decision, the City of El Paso began its efforts to
appropriate New Mexico ground water from the Tularosa Basin’s Hueco Bolson for municipal
use in El Paso. In two very quick New Mexico Federal Court decisions, the City of El Paso v.
Reynolds, 597 F. Sup. 379 ( D.N.M. 1983) and City of El Paso v. Reynolds, 597 F. Sup. 694
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(D.N.M. 1984), it became clear that public welfare and conservation were going to play a
dramatic role in future decisions concerning New Mexico’s water future. This action by El

Paso became the catalyst for the State to initiate the regional planning process.

It should be noted that there is at this time little definition with respect to these new criteria
and that the width and breadth of these doctrines will no doubt be established through much
discussion and litigation in the future. However, during the planning process of this region,
many public meetings and other opportunities have attempted to identify public concerns and

interests.

There are certain special considerations, in addition to the above, that are created by the
introduction of the conservation criteria. Simply put, it is not enough to simply conclude, “ we
need more water’. Now we must examine ourselves, our water use patterns, building codes,
zoning regulations and land use plans and stewardship abilities to determine whether we are

fulfilling our responsibilities to conserve the water we currently hold rights to.

It should be noted that development historically has not necessarily occurred in areas where
there is an available water supply. This situation has historically required transportation of
water supplies over considerable distances to meet developing water demands. There are
several points of diversion within Tularosa Basin which serve for transporting water from the

supply source to the areas of demand.

It is fully anticipated that this transportation of water supplies will continue into the future
because of the importance and investment in existing ground water and surface water
resources such as Bonito Lake, La Luz-Fresnal Canyons, Tularosa Creek, Sacramento

River, and the Holloman well fields: Boles, San Andres, Douglas, Frenchy, and Escondido.
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5.2 Federal Legal Issues

5.2.1 Federal Reservations

5211 Indian Reservations

Mescalero water rights on the Tularosa Creek have not been adjudicated and there is no suit
pending at present, but there are potential claims in addition to the presently irrigated

acreage and municipal water use at Mescalero.

An adjudication of Tularosa Creek water rights is expected, probably after the final resolution
of the adjudication of the Pecos River system and its hydrological related ground water
basin. By analogy with the events related to the adjudication of the Rio Ruidoso and
associated ground water rights, it can be expected that the Mescalero Tribe will claim a large

part, if not all, of the flow of both Tularosa Creek and the Three Rivers system.

The court found that the Mescalero rights in and associated with the Rio Ruidoso were not
much more than the amounts historically used, plus an allowance for growth, but the decree
has been appealed. Until more definitive action is taken, however, it is uncertain what impact,

if any, pending results may have on downstream diversions on the Tularosa Creek.

5.3 Water Rights Administration Policies Specific to the Region

5.3.1 Surface Rights

Most if not all of the surface water in the region has been appropriated. The surface rights on
the Sacramento River, Bonito Reservoir, Tularosa Creek, Three Rivers, Caballero Canyon,
Alamo Canyon and La Luz/ Fresnal Canyons are filed with the Office of the State Engineer

district office in Las Cruces and are available for inspection.

While the principle of riparian rights worked as well in the humid eastern states as it had in

England, the Riparian doctrine was not suited to the arid West. New Mexico expressly
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rejected the Riparian Doctrine, first in its Territorial Supreme Court in 1891 and again in 1945

in the New Mexico Supreme Court.

Instead, New Mexico adopted into its constitution the concept of prior appropriation. Under
the definition of prior appropriation, a person who takes water and puts it to a beneficial use
is an appropriator. The taking of the water constitutes an appropriation, which includes a
priority date. This priority entitles the appropriator to receive his full appropriation before

those with junior, or newer, water rights receive their appropriations.

The development of the Appropriation Doctrine had its beginnings in three unrelated
movements. The first was the Spanish colonization of the Southwest in which the settlers
introduced the acequia system of community controlled irrigation. The second was the
Mormon migration to Utah where the religious settlers became the first Anglos to use
irrigation on a large scale. When the Mormon church took possession of lands in the region,

it also supervised the parceling of land, including the right to water for irrigating the land.

Farther west, a third event also was affecting water rights—the California gold rush. There,
miners diverted water from its natural banks to wash away soil clinging to the gold. Gold also
lured thousands to the West and Southwest who otherwise wouldn’t have risked the
hardships of the arid territory. Whether it was brought about because of mining demands or
the accompanying population boom, the Appropriation Doctrine was adopted in seven

western states, including New Mexico, in the 25 years following the 1849 gold rush.

An appropriation water right, like equipment or furniture, in considered property and can be
owned separately from the land. However, in most states, including New Mexico, the
appropriator “owns” only the right to use the water and not the “corpus,” or body, of the water

itself.

The federal Desert Land Act of 1877, in recognizing the special needs of arid lands, validated
the Appropriation Doctrine. The act provided that water rights on desert land should depend
on “bona fide prior appropriation.” The act also provided that all surplus water above actual
appropriation and necessary use should be available for public appropriation for irrigation,

mining and manufacturing.
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The necessity of a man-made diversion, such as a dam or irrigation ditch, is the first of two
requirements for establishing a water right in New Mexico. For example, a person who builds
a ditch to carry water from the stream to a field is fulfilling the intent of establishing a water
right. On the other hand, a person who uses water in a stream for fishing or rafting is not
establishing a right to that water because water has not been diverted from the stream.
These in-stream uses are allowed, but are not protected by water rights. The act of diverting
water, then, sets the stage for the second requirement for water right ownership—beneficial

use.

According to New Mexico law:

Beneficial use shall be the basis, the measure and the limit of the right

To use of water...Priority in time shall give the better right.

The constitutions of a majority of the western states contain language similar to New

Mexico’s in determining water rights.

Although the law sets beneficial use as its standard for awarding a water right, and sets
penalties for uses that are not beneficial, the law does not specify what those uses are.
Generally, nearly all uses are considered beneficial, whether water is used for agriculture,
recreation, industry or secondary recovery of oil. New Mexico courts have validated uses
such as stock watering as beneficial use. However, the law does classify the “willful waste of
surface or underground water to the detriment of another or the public” as a misdemeanor.

“Willful waste,” then, is not a beneficial use.

In New Mexico, all beneficial uses are considered equal regardless of the economic value
produced by the use. The exception to the economic rule is that municipalities, counties and
the state may condemn water rights for public purposes at a reasonable price set by the
court. This exception allows for population growth and its accompanying demand for more

water.

New Mexico Supreme Court Justice Irwin S. Moise said the broad definition of beneficial use
is workable because it makes the greatest use of water at the earliest date “when to have

held it for future use would result in waste if not loss.” He also said the law of supply and
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demand would take care of changes from one beneficial use to another or better use.” (Ref:
New Mexico Water Rights, Harris, Linda G., NM Water Resources Research Institute, Misc.
Report No. 15, August 1984.)

“Surface water...is governed by the State’s surface water code, enacted in 1907 by the
Territorial Legislature. With few changes, this law remains in effect today. The surface water

code confirmed the validity of all rights which existed prior to its enactment.

Vested surface water rights are those rights which have priority dates established, based on
historic use, prior to the enactment of New Mexico’s 1907 Surface Water Code. These rights

date from the initiation of the claim.

After March 19, 1907, anyone wishing to establish or change a surface water right must
apply to the state engineer for a permit to do so. Such an application may be approved if
unappropriated water is available and if the new use is not detrimental to existing water
rights. In addition, the proposed use must not be contrary to water conservation within New
Mexico or detrimental to the public welfare of the State. Most surface water within the State
has been appropriated. Following is a summary of the surface water rights for the study area
(See Appendix 5.1).

5.3.1.1 SACRAMENTO RIVER - In 1965, Alamogordo and the New Mexico Department of
Game and Fish applied to the State Engineers Office (SEO) to build a dam on the
Sacramento River for recreation. In a 1965 SEO memorandum from M.B. Compton, it
is stated that the owner of the Sacramento pipeline (Alamogordo) “is to supply water
[368 AFY] through the...pipeline” to the following water right owners: US Army (67.2
AFY), Fairchild (2.8 AFY), Forest Service (0.3 AFY), Moss Ranch (1.7 AFY),
Stahmann (44.8 AFY), McNew (16.8 AFY) and Orogrande (234.4 AFY). Compton

estimated runoff at the proposed site on the river to be 860 AFY.

5.3.1.2BONITO RESERVOIR — According to the SEO, there are five holders of Bonito
Reservoir water rights: Alamogordo (1,449.02 AFY), Holloman (1,449.02 AFY),
Carrizozo (130.31 AFY), Nogal (1.45 AFY) and the Southern Pacific Railroad (57.92
AFY). In terms of available supply, an update of the 1982 water master plan indicates

that the entire amount would be available, even in dry years. An agreement between
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Alamogordo and Holloman stipulates that Holloman Air Force Base (HAFB) receives
its share from November through April, while the City receives its share from May

through October.

It should also be noted that Holloman Air Force Base actually owns the Bonito
Pipeline, and allows conveyance of flows to Alamogordo under an existing

maintenance agreement.

5.3.1.3 TULAROSA CREEK — The Village of Tularosa obtains its primary water supply from
Tularosa Creek through its water right of 701.25 AFY, subject to senior rights on the
upper stream system. According to the SEO, there are diversions to irrigate
approximately 1,000 acres of land upstream from the gaging station (Ref. 33).
Included in these diversions are members of the Bent Water Users Association who
divert irrigation water from mid-February through early October each year. Using a
depletion factor of 2.2 af/ac (Rev. 25), there may be irrigation amounting to at least
2,200 AFY on the creek. With an annual average flow of 7,753 AFY (USGS records

from 1948-85), there does not appear to be a shortage on this system.

5.3.1.4 THREE RIVERS - The water rights situation in this stream system is unclear.
According to the Bureau of Reclamation (Ref. 38), “a major constraint is potential
conflict with Indian use of the water.” The Bureau goes on to state that “Although
reserved rights have been adjudicated, concern about possible future claims limits
the interest in a substantial investment at this time...the water would also be high in
total dissolved solids (TDS).” Vigilance relative to any future claims should be

exercised for the protection of Otero County residents.

5.3.1.5 CABALLERO CANYON - Permit 2176 (SEQ) grants Alamogordo the right to divert
181 AFY from the surface flow in Caballero Canyon. The permit was granted in 1977
and states that any diversions by the City must be measured with a totalizing meter.
Proof of completion works and application of the water to beneficial use had to be
filed by July 1, 1981. There are no records indicating whether or not the city proved

beneficial use by the appointed date.
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5.3.1.6 ALAMO CAYON — A compilation of SEO records shows that Alamogordo has rights
dating from 1932 and 1937 to 3,078 AFY of water from Alamo Canyon. There are
seven rights with earlier priority dates which amount to 1,797.6 AFY. There are four
rights with priorities ranging from 1939 to 1983 which amount to 100.18 AFY. The
total amount of water rights on the river system is 4,975.78 AFY. It is uncertain what
the available supply is for Alamo Canyon. Results of the water yield model simulation
performed for this study, as described in Section 6.2.2, indicate that average annual
water yields for Alamo Canyon of 3,840 AFY are insufficient to satisfy the total

amount of water rights on the system.

5.3.1.7LA LUZ AND FRESNAL CANYONS - Although most of the rights on the La
Luz-Fresnal system are apportioned between each canyon, one right, the largest,
applies to both La Luz and Fresnal Canyons. Alamogordo owns a right to 16 cubic
feet per second (cfs) from an undefined combination of the two canyons (and
personal communication, John Nixon, 1990). This amount is equivalent to about
11,563 AFY. Since there is only one right on the Fresnal with the same priority date
(none precede it), an 1866 right for 644.8 AFY, Alamogordo’s right is a valuable one
for most of the water in the system. Section 6.2.2 shows the average flow in the
system to be about 10,500 AFY.

In addition to the 11,563 AFY right on the combined system, there are 6,366.2 AFY of
rights in La Luz Canyon and 4,418.82 AFY of rights in Fresnal Canyon. These rights
amount to 22,348.02 AFY, whereas a water yield simulation shows that there are only
about 10,500 AFY of water available in an average year. Of the total amount of rights,
Alamogordo has 12,395.4 AFY, or 55%. With the exception of a few municipal rights,
such as High Rolls, the remainder of the rights are assumed to be agricultural. The
High Rolls Development Company filed a declaration with the SEO for 9 million
gallons per year (27.63 AFY) on June 10, 1982. The High Rolls declaration (number
02861) claims a 1907 priority date.

5.3.2 Ground Water Rights

There are three declared ground water basins in the planning area. The State Engineer’'s
Office (SEQO) declared the Tularosa Basin on July 7, 1982, the Hueco Ground Water Basin
on September 12, 1980 and the Salt Underground Basin on September 13, 2000.
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Ground water rights established in the basin before the date of declaration are not affected
by the declarations. These are referred to as pre-basin vested rights. After a declaration,
anyone wishing to appropriate ground water, or change the place or purpose of use for a
vested right, must apply to the state engineer for a permit to do so. Such applications must
meet the same requirements for approval as those for surface rights. If the basin is fully
appropriated, no new permits will be granted, except for certain uses exempted by statute

such as small domestic and stock watering purposes.

Water rights adjudication is a legal process by which the ownership and extent of water rights
are determined through a technical review and legal court order. No adjudication process has
been performed in any of the basins in the study area, so all ground water rights are in the
form of declarations. There have been no court decrees which define the specific
underground water rights of every water right owner declaration within any of the basins. A

tabulation of existing declarations is available in Appendix 5.2.

“In 1931 the New Mexico Legislature enacted the ground water code, which closely followed
the surface water code and extended the state engineer's responsibility to include the
administration of ground water with declared ground water basins. The state engineer may
declare a geographical area a ground water basin when he determines that it has reasonable

ascertainable boundaries”.

Some of the applications listed have already been denied (T-0387 for the City of Alamogordo
for 22,405 AFY was withdrawn), but are nevertheless identified. The water rights amounts
applied for are almost exclusively for irrigation usage and these are for insignificant water
amounts (3 to 5 ac ft/acre/year). Two exceptions are File No.’s T-734 through T-734-S-5 for
the City of Alamogordo for a total of 6,720 AFY, and File No’s T-944 through T-948 for the
Department of the Army/Ft. Bliss for a total of 1,075 AFY.

The Salt Basin is the most recently declared ground water basin in the planning region. This
action was, in part, a response to the Hunt Building Corporation of El Paso ammended
declaration filed with the OSE, claiming a pre-basin intent to pump 45,000 acre feet of
ground water from the Salt Basin in New Mexico (just north of Dell City, Texas) for

agricultural or municipal and industrial use in New Mexico or Texas. The annual volume of
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water for the proposed project is claimed to be 45,000-acre feet (not all from New Mexico
wells) and includes 17 wells to be developed. Hunt has purchased a farm in New Mexico and

has begun developing the existing irrigation systems and started farming.

The Interstate Stream Commission prepared a draft document or resolution relating to
implementing a State Appropriation of Water Resources Program to address the issue of
unappropriated water within planning regions. The Salt Basin underground water basin was
recently declared in September, 2000. Pursuant to N.M.S.A. § 72-12-5, there is no time limit
for filing a declaration evidencing a pre-basin water right claim. Accordingly, the full extent of
water right claims, for use within or outside the basin, is not known. The Regional Water
Planning Committee does not make any recommendations regarding the disposition of water
in or from the Salt Basin. Political and market forces and the results of the OSE filings will
determine the outcome of the supply and future demand for water. A memorandum from the
ISC responding to questions concerning this issue in the Salt Basin is included in

Appendix 5.3.

The Interstate Streams Commission proposed to the Regional Water Planning Committee
that pursuant to NMSA § 72-14-44 (1978), it could reserve water in the Salt Basin on behalf
of the Basin. The concept was that the ISC would make an appropriation that would hold the
water in place for more than 40 years. After much discussion and at the request of the
representative of the Salt Basin, the Regional Planning Committee decided that it did not
want the ISC to appropriate and reserve water on behalf of the Salt Basin. Instead, the
Regional Water Planning Committee agreed that the residents of the Salt Basin that have
lived there for decades and toiled to make a living should have the opportunity to file their
declarations and to make new applications to market surplus water, inside or outside the Salt
Basin. The Regional Water Planning Committee did not want to interfere with the economic

opportunity that presented itself to the residents of the Salt Basin.

5.3.3 Ground Water Basin Criteria

The Tularosa Basin encompasses an area of approximately 6,070 square miles. Due to the
size of the basin and geologic diversity, criteria for water rights administration should be
developed for specified sub-areas within the basin. This was done for the Alamogordo-

Tularosa area on May 19, 1997.
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The Alamogordo-Tularosa administrative area is administered using blocks one-half mile
square using the grid utilized by the ground water model developed by Thomas M. Morrison
of the OSE office. This model is being used to evaluate pending and future applications to

determine the effect on existing water rights (see Appendix 5.3).

5.4 Local Conflicts

The most recent conflict involves a dispute between a group called the Sacramento Mountain
Watershed Restoration Corporation (SMWRC) and the City of Alamogordo over diversion of
water from La Luz/Fresnal and Maruchi Canyons. This group has submitted a written request
to the OSE office in Las Cruces asking that the City of Alamogordo be enjoined from “ further
violations of the law” in its diversion of water from these two springs. The SMWRC contends
that the City has violated New Mexico statutes and the conditions of a permit issued in
September 1995 by the state engineer. The permit approved the addition of 30 new diversion
points or spring collection points. The SMWRC further contends, among other requirements,
that it be “not detrimental to public welfare or contrary to the conservation of water within the

state”.

In a letter to Mr. Calvin Chavez, P.E., OSE district engineer in Las Cruces, the SMWRC
alleges that the City has caused all the creek systems below the city's collection points to dry
up for a period of at least six months during each year and that the city is currently proposing
to divert winter flows into an injection well for storage purposes. The letter further alleges that
14 families that depend on a spring within a quarter mile of the lower Maruchi Springs
collection point are nearly out of water. Other families in the vicinity have experienced well
failures or weakening and some have had to re—drill or have water hauled in. The SMWRC
letter contends that the public welfare and conservation provisions in New Mexico water law

are the basis for asking the state to enjoin the City from further alleged violations of the law.

A public meeting was held on September 27, 2001 at the Otero County Commission
chambers to discuss these issues. Mr. Chavez, along with other OSE representatives, were
present and heard over twenty-five presentations made by members of the SMWRC and

public.
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In response to the above allegations by the SMWRC, Mr. Chavez explained the water rights
process, and stated that the City of Alamogordo’s water rights in the canyons had been

reviewed and were in accordance with the statutes.

The proposed alternative described in Section 8.2 of this report relating to a diversion in the
Tularosa River and an off-site reservoir for additional water storage and recreation has
caused controversy in the past and continues to be controversial. In the mid 1950’s the
Tularosa Ditch Corporation, which holds the majority of water rights on the river, proposed a
change of the current diversion, near the Village of Tularosa, to a point upstream where a
significant quantity of the creek would be diverted into a pipeline and would serve the Village
and Ditch needs. A study was completed by the state engineer but no action was taken at

that time, due to lack of local interest and support.

In the early 1990’s the proposal surfaced again with the addition of a small hydroelectric
plant to provide some income and improve the feasibility of the project. A town hall meeting
was held in 1993 to explain the project and gain public support. The concept received
favorable support from the Village and Ditch Corporation, however, the Rosalio Lopez Ditch
Group strongly opposed the project and under the threat of a lawsuit, the project was put on
hold again. Since then, the Village and Ditch Corporation have attempted to secure funding

for a feasibility study, but have been unsuccessful.

The proposal to utilize excess winter flows from the river will require a detailed study with
several alternatives presented. Until this is done, the water planning committee cannot
evaluate the alternative discussed in this section. We do support and encourage all users in
the Tularosa area to work together to make the best use of the limited water supply provided

by the Tularosa River.
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6. WATER RESOURCES ASSESSMENT FOR
THE PLANNING REGION

The planning region is composed of the Tularosa and Salt Basins (Figure 1.1). The
Tularosa Basin is hydrologically a closed basin, where surface water runoff originates from
the mountains around the perimeter of the basin, recharges the bedrock and basin-fill
aquifers, and the remainder flows toward the basin center where it evaporates. The
Sacramento Mountains form most of the eastern boundary of the Tularosa Basin Watershed,
and has the greatest effect on surface water runoff and ground water recharge in the
planning region. The Salt Basin encompasses the watershed area of the New Mexico

portion of the Great Salt Basin, which extends several hundred miles into Texas.

The planning region is divided into 4 hydrogeologic areas (Figure 6.1), which include the
following:

Northern Tularosa Basin

Western Tularosa Basin

Eastern Tularosa Basin

Salt Basin

YV V V VYV

The Northern Tularosa Basin includes portions of Lincoln and Sierra Counties north of Otero
County. Carrizozo is the largest community in this area, and includes the smaller

communities of Ancho, White Oaks, Nogal, and Claunch.

The areas of Western and Eastern Tularosa Basin are divided by the Jarilla Fault (Figure
6.6), a north-south trending subsurface structural feature that creates a bedrock high and
separates the basin into two parts. The Eastern Tularosa Basin area contains the majority of
the population for the planning region, and Alamogordo, the largest city. Most all of the
Western Tularosa Basin area is managed by the military, including Holloman Air Force Base,

White Sands Missile Range, and Fort Bliss Military Reservation.

The water in the Salt Basin originating in New Mexico flows toward Texas. The portion of the

Salt Basin contained in New Mexico is also referred to as the Crow Flats area. The Crow
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Flats portion of the basin drains into a series of alkali flats or playas to the south just above
the state line (Bjorklund, 1957). The Salt Basin area is dominated by ranching and farming,
and sparsely inhabited, with Timberon and Pinon as the only communities in the area.
Irrigation with ground water has occurred in the Salt Basin along the New Mexico-Texas

border, which is referred to as the Dell City irrigation area.

6.1 Historical Weather Data

6.1.1 Precipitation Monitoring Stations

Precipitation across the Tularosa Basin varies significantly seasonally, annually, and
geographically, particularly with respect to altitude. Predominantly, precipitation occurs in
showers a few miles wide. These showers often form above the mountains, and produce
copious precipitation at higher altitudes. For example, the median annual rainfall at
Cloudcroft since 1903 has been about 26 inches. As these showers drift across the Basin,
they may occasionally produce brief torrents, but more typically yield only a trace or a few
hundreds of an inch of moisture. This is reflected in the lower median rainfall amount
recorded in Alamogordo (12 inches), which is less than half that occurring in the mountains
surrounding the Basin. The average annual rainfall at Holloman AFB, a few miles more

distant from the mountains, drops to 8.5 inches.

The source of moisture that produces these mountain showers stretch across the vast
reaches of the tropical oceans. Winds spiral outward from the "Bermuda High", an essentially
permanent feature over the Atlantic Ocean, carrying moisture-laden air westward across the
Gulf of Mexico and Central America, and northward across Mexico, the Gulf of Mexico,
Texas, and other states of the arid southwest. The moist air distilled by the sun from this
oceanic source may arrive over the Tularosa Basin and the surrounding mountains from the
southeast, south, or southwest. The amount of moisture that may be available to produce
precipitation varies depending on features of the global circulation, which change from
season to season and year to year resulting in more-or-less random fluctuations in
precipitation across the Tularosa Basin. For example, there is no readily discernable
indication in the available data that the amount of annual rainfall varies corresponding to the
'sunspot cycle' or any other known phenomenon, except possibly the El Nifio. Consequently,

trends do not appear to be predictable in any useful manner.
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The occurrence of showery type precipitation is dependent not only on availability of moist
air, but also "atmospheric stability," which is governed by how the temperature of the air
changes with altitude above the Basin and surrounding mountains, and by larger scale
patterns of wind flow. In general, winds blowing upslope produce cooling and condensation
of moisture into the clouds that subsequently yield rainfall above the mountains. Hence,
precipitation tends to be more copious on windward slopes and above the mountains than

over leeward slopes.

The geographic distribution of showers across the Basin and surrounding mountains is
affected by the approach of upper atmospheric troughs and frontal systems moving across
the region, causing the showers to occur in more organized patterns that may yield

precipitation over the entire area.

It is important to note that showers produce rainfall over relatively small areas only a few
miles across. Because of this, the amount of rainfall received at one location may be much
greater (or less) than the amount of rainfall at another nearby location. As a result, the
rainfall record at one location is not a reliable indicator of the rainfall received at other
locations only a few miles away. That is, rainfall measurements provide only small-sample
statistical information with respect to the amount of water available for use. Although during
a given year any one measurement location may show substantially more or less rainfall than
may have been received at other nearby locations, such random variations will "average out"
over several years for nearby locations at the same altitude with comparable windward or

leeward exposures to prevailing wind patterns.

Climatic data are available for only a few locations across the region. Cloudcroft, Alamogordo
and Holloman AFB provide representative data for the mountainous areas that supply the
bulk of the Basin's water supply, the mountain foothills and the interior of the Basin.
Additional climatic data are available for the Main Post area of White Sands Missile Range,
with periodic measurements at other temporary locations. Table 6.1 is a list of the weather

stations and summary of climatic data used for this study.
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The annual average precipitation in the planning region typically increases with elevation
(Figure 6.2), and ranges from 7 inches per year (in/yr) along the basin floor to over 25 in/yr
on the upper elevations of the Sacramento Mountains. Precipitation records were obtained
from Gabin and Lesperance (1977) and the National Oceanic Atmospheric Administration,

(NOAA), copies are provided in Appendix 6.1.

Precipitation in form of snowpack creates runoff that is important for base flow in streams of
the planning area. Many of the higher elevations (above 6,000 ft) receive snow that
accumulates in the winter months when evaporation is low; this typically results in a surplus
where precipitation exceeds evaporation. The annual average surplus, which is the addition
of average monthly surplus precipitation that occurs January through December, is listed for

each weather station in Table 6.1.

At lower elevations that lack snowpack accumulation (<6,000 ft), precipitation is more
seasonal, with heavy rains occurring as thunderstorms during the spring and summer
months in response to Monsoonal heating. This precipitation is not adequate to support

crops and is therefore supplemented by local irrigation (Bjorklund, 1957).

The average annual rainfall in the Salt Basin is about 9 in/yr in the valley compared to more
than 20 in/yr in the Guadalupe Mountains on the eastern edge (Bjorklund, 1957, Ashworth,
1995).
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Table 6.1
List of Weather Stations in and Neighboring the Planning Region,
and Summary of Weather Station Data
Mean
Annual Annual
Mean Annual Potential Average
Elevation, Years of Precipitation, | Evaporation, Surplus,*

Station ft MSL Record in./yr in./yr in./lyr
Alamogordo 4,350 10.31 52.01 0.00
Alto 7,400 6 21.07 31.20 2.50
Ancho 6,115 60 13.34 34.95 0.81
Arabela 5,360 20 19.84 40.79 0.08
Capitan 6,350 54 15.47 32.53 0.62
Carrizozo 5,438 71 11.82 42.67 0.17
Cienega 3,800 8 7.31 53.95 0.00
Cloudcroft 8,827 65 26.16 26.69 5.42
Corona 6,645 67 15.06 35.10 0.69
Farnsworth Ranch 5,400 34 11.23 44.94 0.00
Fort Stanton 6,220 95 14.70 35.22 0.27
Gran Quivira 6,620 38 14.12 37.31 0.50
Mayhill R.S. 6,558 48 20.59 34.95 0.36
Meek 6,380 5 20.80 35.41 2.43
Mescalero 6,785 60 19.24 32.48 1.60
Mountain Park 6,780 52 18.35 32.26 1.66
Nogal (Loma Grande) 8,200 12 23.30 27.96 4.03
Ruidoso 6,838 34 21.43 29.74 2.52
Tularosa 4,443 64 9.67 51.40 0.00
White Oaks 6,310 8 17.95 38.54 2.07
White Sands 3,995 36 8.12 50.26 0.00
National Monument

* average annual surplus equals the sum of the monthly average surplus, only for months where average precipitation
exceeded calculated potential evaporation
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6.1.2 Snowpack Monitoring Stations

The precipitation monitoring station at Cloudcroft, NM measures snowpack. This data is

converted to “wet” water in inches.

Record of snowpack data for the Cloudcroft, NM station ranges from 1949 to 1973, then the
record contains a 6 year data gap (1974 to 1979, inclusive) and a 2 year data gap (1947 and
1948) until re-established in 1980 to the present. The five-year running average annual
snowpack indicates a substantial upward trend from around 50 inches during the mid-50’s to
about 110 inches for the mid-80’s. The data then takes a dramatic 50 inch average drop
(45%) from 1985 to the present time, implying a similar decline in ground water recharge.
Refer to Figure 6.3 for a graphical representation of the snowpack data. As recorded at the
Cloudcroft Weather Station, the approximately 100 year average of snowfall has been 90
inches/year from 1948 to 2000, inclusive, the average has been 76.5 inches/year and the
average since 1990 is 64.8 inches/year. The snowfall for 2001 through November is 54
inches, even though the precipitation (rainfall and snowfall) is slightly above the 100-year

average.

6.1.3 Drought History

Historically, periods of drought have occurred, particularly the drought of 1953 through 1956.
A longer-range perspective of historic period of drought in New Mexico is offered by the
correlation of streamflow records with tree-ring data by Ackerly (1999). The work by Ackerly
implies that we are currently facing lower average-annual precipitation than most of the

twentieth century, and greater frequency, intensity, and duration of droughts.

The record of data for precipitation within the Tularosa Basin spans from 1890 to present.
The monitoring station located in Cloudcroft, NM is likely the best indicator of the
underground water supply for the Basin; as ground water recharge primarily occurs from
mountain high precipitation occurring through snowpack. From 1903 to the present time,
annual precipitation in Cloudcroft has varied from a low of 11 inches (1970) to a high of 48

inches (1941). The average for the record over a 90-year time period is about 26 in/yr.
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Trends in average annual precipitation for Cloudcroft do not imply the region is currently in a
drought, although analysis of the 5-year moving average of cumulative annual snowfall data
from Cloudcroft (Figure 6.3) shows two drought cycles, one in the 1950's and the other
starting in 1990 to current time. The drought periods appear to result in one half of the five-

year moving average accumulated snowfall of 80 inches.

The Alamogordo monitoring station correlates well with the Cloudcroft data. The average
precipitation is about 12 inches/year. The precipitation has varied as low as 4.85 inches
(1952) to 21.87 inches (1941). The precipitation in Alamogordo is about half that of
Cloudcroft. Over about the last decade or so the average precipitation in Alamogordo has
also decreased by more than 30% to as much as 50%. Refer to Appendix 6.1 for the

Cloudcroft and Alamogordo monitoring station graphical data, and low yield analysis.

6.2 Water Supply

6.2.1 Surface Water
6.2.1.1 Drainage Basins and Watersheds

Surface water in the planning region occurs as seasonal and year-round runoff, and springs.
Major drainages and watersheds in the planning area are shown on Figure 6.1. No natural
or manmade lakes or reservoirs are in the planning region, with the exception of an
impoundment on the Sacramento River (Sacramento Lake), which is essentially a manmade
berm that has created a marsh; not well maintained for surface-water storage. Water is
piped from the Sacramento River to Orogrande. Bonito Lake, located east and outside of the
planning region in the Sacramento Mountains, provides water to communities located along
the Bonito pipeline (Nogal, Carrizozo, Alamogordo and Holloman Air Force Base). Most of
the available surface water in the planning region has been appropriated for use with the
exception of surface water in Rinconada Canyon and Sacramento River. Surface water from
Three Rivers, Rio Tularosa, La Luz-Fresnal Canyon, Alamo Canyon, and Sacramento River

is diverted for irrigation, domestic, and municipal use.
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The USGS study (Waltemeyer, 2001) primarily evaluated watersheds that drain into the
basin-fill sediments, and not the bedrock aquifer that occupies much of the northern area,
therefore estimates of watershed yield using the "surplus-precipitation” method were made
for areas not covered by Waltemeyer (2001). Surplus precipitation is that portion of the

precipitation remaining after evaporation losses.

As part of developing this water plan, a detailed analysis of each watershed in the planning
region (with the exception of the watershed in the San Andres Mountains of the Western
Tularosa Basin area) was performed using the method of "surplus precipitation." The value

of watershed yield equals the recharge and runoff combined, and can be considered a

maximum estimate of potential surface water and recharge for the area.

Surface-water yields calculated from using the "surplus precipitation" method, indicates
surplus will occur in the winter months when the potential evaporation is low. However,
short-term surplus occurs as runoff resulting from thunderstorms during the summer months.
Storm water runoff typically flows to the basin center without watershed infiltration or capture,
and evaporates or recharges non-potable (saline) aquifers. Recharge of non-potable (saline)
aquifers and the temporary formation of playa lakes from storm water runoff temporarily

offsets evaporation of ground water in the basin center.

The analysis of watershed yield was performed by evaluating monthly precipitation and
potential evaporation data (see 6.2.2.3) collected from weather stations in the region (Table
6.1), to determine the relationship between elevation and annual surplus precipitation. The
surplus precipitation was determined for each elevation interval in the watershed, and
multiplied by the land area to obtain yield (the sum of recharge and runoff). The sum of the
yields for each elevation interval equals the watershed yield. The correlation between
elevation and surplus precipitation shows that surplus precipitation does not occur below an
elevation of 5,860 ft, because all of the precipitation is lost to evaporation, plant transpiration

and interception.

The relationship between surplus precipitation and elevation is as follows:

Surplus precipitation (inches per year) = (land surface elevation - 5,860 ft)/490
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In other words, a watershed at elevation 6,350 ft. MSL would have 1-inch/yr. of surplus

precipitation

Monthly climatic data used to develop the formula for calculating surplus precipitation can be
referenced from Appendix 6.1. Estimates of yield for each major watershed in each of the
planning area sub-regions are provided in Tables 6.2 through 6.5. The total estimated
watershed vyield for the Tularosa Basin is approximately 132,000 AFY, and the total
estimated watershed yield for the Salt Basin is approximately 35,000 AFY.

Drainage basins and watersheds in the planning region typically encompass portions of the
mountain ranges, such as the Gallinas, Oscura, San Andres, Sacramento, Organ, and
Guadalupe Mountains (Figure 6.1). The largest watersheds emanate from the Sacramento
Mountains in the Eastern Tularosa Basin area. Summary tables of watersheds and
watershed data for each of the sub-areas in the planning region are provided as Tables 6.2
through 6.5.

Northern Tularosa Basin

Watersheds in the Northern Tularosa Basin originate from high mesas in the northwestern
corner of the area, the Gallinas Mountains in the extreme north, the Oscura Mountains to the
west, and the Jicarilla, Patos, and Sierra Blanca Mountains to the east. A list of the
watersheds evaluated for this study can be referenced from Table 6.2. Most of the
watersheds in the Northern Tularosa Basin have a mean elevation greater than 6,500 ft, and
average annual precipitation greater than 18 inches per year. Most of the Northern Tularosa
Basin area has permeable bedrock exposed at the surface increasing the probability of direct
recharge. Meinzer and Hare (1915) noted surface water runoff seeping into sinkholes near

Gran Quivira.
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Table 6.2

Major Watersheds in the Northern Tularosa Basin, and
Summary of Watershed Data and Estimated Yield

UsGSs'
Mean Estimated Mean JSAI
Annual Mean Annual Estimated
MaP P_recip, Elevation, Arg?, Streamflow, W_atershed
Watershed Name ID infyr. ft mi AFY Yield, AFY
Northern Basin
Oscura Mountains 1 21.3 7,500 14.4 | See N3 1,952
Turkey Ridge 2 17.2 6,500 33.5 |See Red and 2,331
Wagon Canyon
Chupadera Mesa 3 17.2 6,500 59.6 na 4,152
Pajaro & Pinatosa Canyons 4 19.5 7,000 67.7 na 6,860
Largo Canyon 5 18.0 6,600 74.5 na 6,028
Ancho Canyon 6 18.7 6,800 18.7 na 1,730
Pine Canyon 7 18.3 6,700 101 na 1,000
Coyote Canyon 8 18.0 6,600 24.0 na 2,066
Lone Mountain 9 20.5 7,070 na
White Oaks Watershed 10 21.0 7,250 26.3 na 3,315
West Carrizo Mountain 11 22.8 7,800 11.3 na 1,292
Benado Canyon 12 22.5 7,622 16.6 na 2,417
Nogal Canyon 13 18.3 6,750 29.8 na 3,874
Tortolita Canyon 14 21.0 7,300 11.3 na 2,037
Diamond Peak to Godfrey | 15,16 | 21.3 7,500 50.4 na 5,788
Peak
USGS basins 1 through 8 15,16| 23.8 na 19.6 649
N3 (44) 1 15.6 5,125 73.8 3,815
Red Canyon N2 (45) 2 14.3 5,796 55.6 2,251
Wagon Canyon N1 (46) 2 13.0 5,400 120.0 5,401
Northern Basin Total 12,116° 44,842

Waltemeyer (2001)

na not available

watershed map ID on Figure 1

6-10

John Shomaker and Associates, Inc. est. 14,842 AFY and used throughout this Plan
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The recharge in the Nogal Arroyo area east of Carrizozo in the Northern Tularosa Basin area
has been estimated at 3,000 AFY by Rao (1986). Rao (1986) used Darcy’'s Law
calculations to derive the recharge for this area, but the analysis was performed with limited
aquifer data and conservative assumptions were made. Revising Rao’s analysis with new
aquifer test data from the Nogal arroyo area resulted in a recharge of 5,400 AFY for the
shallow aquifer along Nogal Arroyo. The estimated watershed yield for the three watersheds
that drain into Nogal Arroyo (Benado, Nogal, and Tortolita Canyons) equals 8,328 AFY
(Table 6.2). Comparing the Nogal Arroyo recharge (5,400 AFY) to the watershed yield
(8,328 AFY) indicates that approximately 65 to 70 percent of the watershed yield becomes
recharge. Therefore, using this same percentage, the total recharge to the Northern Tularosa
Basin area is approximately 30,000 AFY (65% of 44,842 AFY) and the remaining watershed
yield of 14,842 ac-ft/yr is assumed to occur as streamflow (44,842 AFY - 30,000 AFY) which
compares closely with the 12,116 AFY estimated by the USGS.

Western Tularosa Basin

Watersheds in the Western Tularosa Basin originate from the San Andres Mountains. These
watersheds are typically small in area, steep, and terminate abruptly at the base of the
mountains. Annual average precipitation ranges approximately 11 to 16 inches per year for
the watersheds in the Western Tularosa Basin area. Table 6.3 lists the major watersheds in

the Western Tularosa Basin area, and summarizes results from Waltemeyer (2001).

Waltemeyer (2001) provides a good analysis of the mean annual streamflow for watersheds
in the Western Tularosa Basin area. No independent estimates of watershed yield in the
Western Tularosa Basin were performed as part of this study because it was assumed that
the estimated mean annual streamflow for this area (9,291 AFY) is equal to the watershed
yield, due to the small, steep watersheds. Most of the watershed yield likely becomes

recharge at the mountain front.
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Table 6.3
Major Watersheds in the Western Tularosa Basin, and
Summary of Watershed Data and Estimated Yield
Mean U.SG81
1 | Annual Mean Estimated
Map ID Precip, |[Elevation,| Area, I\gttaraenaarfllgl;val
Watershed Name inyr. ft mi’ AFY

Western Basin

Oak Canyon (24) 14.85 | 5,716.73 8.94 203
Soledad Canyon (25) 15.88 | 6,335.22 15.56 485
Soto Creek (26) 14.32 | 5,645.93 | 13.07 319
unnamed (27) 11.91 | 4,898.37 | 12.15 217
Bear Canyon (28) 11.80 | 5,740.51 15.38 290
Little San Nicolas Canyon (29) 12.00 | 6,154.62 7.35 109
Ash Canyon (30) 13.81 6,352.00 7.60 145
San Andres Canyon (31) 15.63 | 5,845.00 8.90 217
Mayberry Canyon (32) 15.49 | 5,695.00 11.53 304
Deadman Canyon (33) 14.33 | 5,576.00 16.07 427
Lost Man Canyon (34) 12.88 | 5,954.00 10.18 188
Hembrillo Canyon (35) 12.00 | 5,669.00 17.17 348
Grandview Canyon (36) 12.00 | 5,928.00 2.82 29
Sulfur Canyon (37) 12.04 | 5,770.00 | 30.29 746
Ash Canyon (38) 12.08 | 6,352.00 4.30 51
Workman Canyon (39) 12.66 | 6,141.00 5.99 94
Cottonwood Canyon (40) 13.73 | 5,791.00 | 45.29 1,600
Rhoades Canyon (41) 1457 | 6,185.00 | 39.73| 1,477
Good Fortune Canyon (42) 15.34 | 6,227.97 | 24.02 811
Thurgood Canyon (43) 13.80 | 5,588.74 37.21 1,231
Western Basin Total 9,291

refer to Waltemeyer (2001) for location of watersheds
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Eastern Tularosa Basin

Watersheds in the planning region originating from the Sacramento Mountains in the Eastern
Tularosa Basin are listed in Table 6.4, along with summaries of watershed data and
estimated watershed yield. The watershed yield in the Eastern Tularosa Basin decreases to
the south as a result of decrease in mean elevation and total area of the watersheds. Annual

average precipitation for these watersheds ranges from 14 to over 20 in/yr.

Recharge to the Eastern Tularosa Basin area (basin fill) was estimated at 14,500 AFY by
Morrison (1989). Morrison’s estimate was based on the streamflow remaining after diversion
that infiltrated at the mountain front. This is a conservative estimate because it does not
account for bedrock recharge and/or recharge from the bedrock aquifer into the basin fill as

underflow.

Listed in Table 6.4 is a comparison of estimated watershed yield and estimated or measured base
flow for streams in the Eastern Tularosa Basin. Total watershed yield for the Eastern Tularosa
Basin is estimated at 77,619 AFY, and total streamflow is estimated at 47,099 AFY. This indicates
approximately 60 percent of the watershed yield in the Eastern Tularosa Basin area becomes
streamflow (Table 6.6). The difference between watershed yield and streamflow (30,520 AFY)
may be considered as recharge to the bedrock aquifer to the watershed area above the mountain
front.
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Table 6.4
Major Watersheds in the Eastern Tularosa Basin, and
Summary of Watershed Data and Estimated Yield
UsGs'
Estimated
Mean Mean JSAI
Annual Mean Annual Estimated
Ma!) Precip, |Elevation, Watershed Streamflow,| Watershed
Watershed Name ID inlyr ft area, mi? AFY Yield, AFY
Eastern Basin
Three Rivers at Three R. 17 22.0 6,568 86.5 8,326 9,097
Boone and Salinas Draws 18 21.0 7,300 32.7 na 1,261
Rinconada Canyon 19 21.2 6,840 97.5 9,194 10,897
Tularosa Canyon at Tularosa 20 21.2 7,280 157.0 17,520 25,237
Domingo & Rancheria Canyons 21 171 6,410 34.4 na 1,249
Cottonwood Wash 22 18.3 6,750 15.4 na 2,149
La Luz Canyon 23 21.1 7,464 65.2 5,285 10,906
Dry Canyon 24 19.4 7,093 9.0 318 1,276
Beeman Canyon 25 15.3 5,930 2.0 na 87
Watershed between Beeman 26 15.5 6,015 4.5 na 175
and Marble Canyons
Marble Canyon 27 171 6,237 3.5 72 232
Alamo Canyon 28 21.0 7,146 24.9 1,433 3,462
Mule Canyon 29 16.2 6,207 6.7 159 984
San Andres Canyon 30 21.7 7,467 14.8 746 2,532
Dog Canyon 31 20.8 7,392 10.5 442 1,679
Mountain front between Dog and| 32 16.8 6,327 2.6 na 173
Escondido Canyons
Escondido Canyon 33 19.9 7,083 11.0 434 1,448
Mountain front between 34 15.5 6,090 8.6 na 585
Escondido and Bug Scuffle
Bug Scuffle Canyon 35 19.5 6,730 12.3 492 1,190
Grapevine Canyon 36 194 6,415 33.5 1,875 2,293
Pipeline Canyon 14.3 5,353 6.1 116 0
Culp Canyon 37 14.3 5,765 23.2 687 707
Eastern Basin total 47,099 77,619
! Waltemeyer (2001)
2 watershed map ID on Figure 6.1
na not available

Livingston Associates, P.C.
6-14 Consulting Engineers

W




Tularosa Basin and Salt Basin
Regional Water Plan 2000 — 2040

Salt Basin

The Salt Basin is a large internally drained basin covering 6,400 square miles, of which 2,400
square miles are in New Mexico and the remaining approximately 4,000 square miles are
located just across the state line in Texas (Bjorklund, 1957). Major watersheds within the
New Mexico portion of the Salt Basin area include the Sacramento River, Pinon Creek, and
Shiloh Draw (Table 6.5). The Sacramento River watershed drains the southern end of the
Sacramento Mountains, where elevations of the upper watershed range from 8,000 ft to

9,500 ft in elevation. Annual average precipitation in this area exceeds 24 inches per year.

Total watershed yield calculated for the Salt Basin (New Mexico portion) area is 35,078 AFY
(Table 6.5), with approximately one-half originating from the Sacramento River. Due to the
rock type (solutioned limestone), most all of the 35,078 AFY infiltrates into the ground water
system and can be considered as recharge. Meyer (1995) estimated an average annual rate
of recharge at 46,897 AFY for the Salt Basin, which includes part of the Diablo Plateau in

Texas.
Table 6.5
Major Watersheds in the Salt Basin, and
Summary of Watershed Data and Estimated Yield
Mean JSAI
Annual Mean Estimated
Precip, | Elevation, .2 | Watershed
Name inlyr FemsL | A% ™71 vield, AFY
Sacramento River 22.8 7,795 135 17,580
Pinon Creek 20.0 7,100 99 8,872
Small un-named watersheds and 17.2 6,500 124 8,626
mountain front
Salt Basin Total 35,078

Small un-named watersheds and mountain front areas that potentially yield surface water
include portions of Otero Mesa south of the Sacramento Mountains and the Guadalupe

Mountains along the eastern margin of the Salt Basin in New Mexico.

The following Table 6.6 summarizes the recharge in the Tularosa and Salt Basins.
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Table 6.6
Estimated average annual recharge for the Tularosa
Basin and Salt Basin prior to development
Component Quantity
P (AFY)

Estimated recharge to Northern Tularosa Basin area 30,000
Estimated recharge to Western Tularosa Basin area 9,291
Estimated recharge to Eastern Tularosa Basin area 47,099
Total estimated recharge to Tularosa Basin 86,390
Total estimated recharge to Salt Basin 35,078

6.2.2 Surface Water Sources

Most of the available surface water in the study area has been appropriated for use, except
for that part of flood flows which cannot be diverted and thus reaches the basin floor where
almost all of it evaporates. Only the large drainage areas on the western slope of the
Sacramento Mountains contain streams with any appreciable base flow, derived largely from
snowmelt. A small part of the total runoff recharges the alluvialfill aquifer in the basin

through the coarse material at the base of the mountains.

Rio Tularosa

The largest and most important stream in the area is Rio Tularosa. The headwaters of the
river originate as spring flow which is derived largely from snowmelt and which appears in
the head canyons and tributaries on the Mescalero Apache Indian Reservation in the
northern Sacramento Mountains. The large tributaries of the river have springs, but the small
tributaries normally contribute only floodflow. The spring flow contributions are a large part of

the total flow.

In 1861, immigrants settled along the river about 15 miles upstream from the present
community of Tularosa, and in 1862 Tularosa itself was settled (Meinzer and Hare, 1915).
Indian hostilities prevented more extensive agricultural development, but after cessation of
hostilities towards the end of the century, irrigation along the river increased. By 1905, more
than 2,000 acres were being irrigated, about half of which was near Tularosa (Meinzer and
Hare, 1915).
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In 1909 the waters of Rio Tularosa were adjudicated (Sorensen and Borton, 1967) so that
Indians and non-Indian users along the river near Bent would be entitled to domestic and
stock water from the river flow at specified times during the irrigation season. The remaining
flow was for the benefit of the village of Tularosa and the Tularosa Community Ditch Corp. In
1958 the Armour Research Foundation reported that more than 700 acres of water rights,
presumably for irrigation were held by Indians and non-Indian users near Bent; by 1968, the
irrigated acreage reported in this area was less than 500 acres. The decrease apparently
due to the transfer of some of this land to cabin and housing developments. An additional
400 acres were being irrigated between Tularosa and Bent. Water rights of village of
Tularosa were reported by the New Mexico State Engineer (1957) to be 492 acre-feet per
year. The Tularosa Community Ditch Corp. had distributed the remaining water for the

purpose of irrigating 1,100 acres among shares that ranged from 157 in 1909 to 656 in 1968.

In 1955, the Tularosa Community Ditch Corp. filed an application (under the United States
small projects legislation) with the Interstate Stream Commission of New Mexico for
construction of a reservoir on Rio Tularosa. The result was a feasibility study by the New
Mexico State Engineer (1957) which proposed an off-stream reservoir (4,585 acre-feet
storage) in Takalota Canyon, about 4 miles northeast of Tularosa, and a diversion dam on
the Rio Tularosa about 5.5 miles upstream from Tularosa. The study called for enough water
to irrigate 2,200 acres and 882 to 1,512 acre-feet of water for municipal and industrial
purposes on a sliding-scale basis. The total cost of the project at 1957 prices was over $1
million, and the benefit-cost ratio on a 50-year repayment period was 1.27. The project was

not acceptable to the local interests, however, and construction did not begin.

Discharge records dating from 1932 for Rio Tularosa were obtained from continuous
streamflow-discharge stations of the U.S. Geological Survey. Records for 1932-47 were
obtained from the station “Rio Tularosa near Tularosa,” 3 miles upstream from Tularosa with
a drainage area of 136 square miles (Figure 6.4). Records since 1947 were obtained from
the station “Rio Tularosa near Bent,” 8.5 miles upstream from Tularosa with a drainage area
of 120 square miles. Appendix 6 contains the annual discharges and the estimated base
and flood flows at the two stations for their respective periods of record. The streamflow-
discharge data for 1932-68 were taken from U.S. Geological Survey publications (U.S.
Geological Survey, 1933-61; 1961-64; 1965-68).
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The average total annual discharge during 1932-47 at the station near Tularosa was
approximately 10,500 acre-feet per year, and that during 1948-68 at the station near Bent
was approximately 7,000 acre-feet per year. Assuming that unit runoff and ground water
discharge from the small drainage area (16 square miles) between the two stations were the
same as above Bent, this small drainage area would yield 1,000 acre-feet per year. If the
average annual consumptive use from diversions above Bent for 1948-68 was about 1,000
acre-feet per year, the computed average total annual discharge and the computed average
annual base flow during 1948-68 at the station near Tularosa would have been respectively

9,000 and 7,600 acre-feet per year, if the 1,000 acre-feet per year had not been diverted.

If diversions during 1932-47 were approximately 1,000 acre-feet per year, and if these
diversions had not occurred, the average total annual discharge at the station near Tularosa
would have been 11,500 acre feet per year for this period. The average total annual runoff
for the earlier period was approximately 2,500 acre-feet per year greater than the 1948-68
period. This difference was probably caused by a combination of climatic and water-use

conditions.

The chemical quality of water in the Rio Tularosa varies with the quantity of flow, the season
of the year, and the reach of the river. The best quality water generally occurs at the head-
springs area and becomes more mineralized downstream as it receives water from areas
underlain by calcareous and gypsiferous material. During the feasibility study on the
Tularosa project by the New Mexico State Engineer (1957), water samples of various
reaches of the river were collected and analyzed by the U.S. Geological Survey. Dissolved
solids ranged from 585 mg/L (milligrams per liter) at the head springs to 1,230 mg/L at the
streamflow station near Bent; sulfate content ranged from 128 to 220 mg/L at the two sites.
Monthly samples taken at the station near Bent since May 1963 (U.S. Geological Survey,
1964, 1965-67) have shown that the chemical quality generally deteriorates as flow
decreases. The quantity and geographic origin of direct runoff or flood flow may also be

important.

Alamo Canyon

Other streams of importance in the area are Alamo Creek in Alamo Canyon and La Luz
Creek in La Luz Canyon (Figure 6.5). Alamo Canyon, which has a drainage area of 25

square miles, debouches from the Sacramento Mountains into the lowlands of the Tularosa
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Basin about 3 miles southeast of Alamogordo. When the city was founded in 1898 its original
water supply was brought by pipeline from Alamo Creek. Partial discharge records during
1931-37 were obtained at the streamflow station “Alamo Creek near Wood Ranch™(Sec. 4,
T.17 S., R.11 E.) where annual discharge varied from 711 acre-feet (1935) to 1,856 acre-feet
(1932). The chemical quality of the water is generally good; it commonly contains about 500
mg/L dissolved solids and about 130 mg/L sulfate. The water rights of Alamo Creek are
owned by the city of Alamogordo. The city has extended its pipeline upstream to utilize

springs in Alamo Canyon and its tributaries.

La Luz Creek

La Luz Creek is a perennial stream fed by springs along La Luz and Fresnal Canyons and
their tributaries. The drainage area of La Luz Creek above the community of La Luz is about
75 square miles. La Luz, located 6 miles north of Alamogordo, was established in 1864, and
later the communities of Mountain Park and High Rolls were established upstream along
Fresnal Canyon. In 1911, approximately 500 acres of alfalfa and fruit were irrigated with
water from the stream (Meinzer and Hare, 1915). By 1969, the irrigated acreage totaled
about 700 acres, including some irrigation in Laborcita Canyon north of La Luz Creek. At one
time all water rights of La Luz Creek were owned by the La Luz Community Ditch Corp. and
irrigators along La Luz Creek; most of the rights are now owned by the city of Alamogordo.
The chemical quality of La Luz Creek water deteriorates downstream from the head springs.
Armour Research Institute reports a range in dissolved-solids content from 672 mg/L at a
spring in Fresnal Canyon to 1,700 mg/L near the La Luz railway station; the sulfate content

ranged from 112 to 799 mg/L at these same locations.

Bonito Lake

Surface water from outside the Tularosa Basin is piped in from Bonito Lake on the east side
of Sierra Blanca mainly for use by the city of Alamogordo and Holloman Air Force Base. In
1955, the New Mexico State Engineer permitted changes in the purpose and place of use of
part of the Rio Bonito water so that most of it could be used by Alamogordo and Holloman Air
Force Base. Water from Bonito Lake, superior in chemical quality to water available locally,
is mixed with water from local sources at Alamogordo to increase the quantity and improve
the quality of the local supply. Additionally, Ft. Stanton, Nogal and Carrizozo hold rights to

Bonito Lake water.
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6.2.2.2 Stream Flow Data

There are only a few perennial streams in the Tularosa Basin; Salt Creek in the northwestern
portion of the basin as well as Three Rivers, Tularosa, La Luz and Alamo Canyons on the
eastern side of the basin (Hood, 1958).

Limited stream-flow data are available for the planning region. Detailed records have been
kept for the Tularosa Creek, La Luz Creek, and Alamo Canyon, all of these streams are
located in the Eastern Tularosa Basin area. Major drainages having ephemeral stream flow,
but no records include Temporal Creek (Rinconada Canyon in Eastern Tularosa Basin),

Pinon Creek (Salt Basin area) and Indian Creek (in Three Rivers).

The U. S. Geological Survey has measured daily base flow and peak flow for Tularosa Creek
at Bent and near Tularosa, and for La Luz Creek. Peak flow for Three Rivers was measured
by USGS from 1955 to 1977. Graphs of U.S. Geological Survey stream-flow data are
provided in Appendix 6.2, and a summary of available surface-water data is presented as
Table 6.7.
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Table 6.7
Summary of Available Surface Water Data in the Planning Region
Annual
Station Name Period of Mean Reference
Record Streamflow,
ac-ftlyr

Three Rivers near Three Rivers, NM 1956-58 na USGS
database

Indian Creek near Three Rivers, NM 1956-58 na USGS
database

Rio Tularosa at Mescalero, NM 1910-11 na USGS
database

Tularosa Rio near Bent, NM 1948-95 9,495 USGS
database

Rio Tularosa near Tularosa, NM 1939-46 11,091 USGS
database

Rio La Luz near La Luz, NM 1911-12 8,536 USGS
database

Rio La Luz at La Luz, NM 1910-13; 1982-89 8,694 USGS
database

Rio Fresnal near Mountain Park, NM 1911-12 1,050 USGS
database

Alamo Creek at Woods Ranch, near 1933-50 1,283 USGS

Alamogordo, NM database

Salt Creek 1996-99 580 USGS
database

Sacramento River near Sunspot, NM 1984-89 2,173 USGS
database

Salt Creek watershed includes the mountains along the northwestern part of Tularosa Basin,
and discharges to the salt flats in the basin center. Peak flow in Salt Creek occurs during the
summer months, and has been measured as high as 70 CFS. Base flow in Salt Creek has

averaged 0.8 CFS (580 ac-ft/yr) over the last several years.

Surface-water flow in Three Rivers dramatically varies seasonally and from single rainstorm
events. There are no data on base flow for Three Rivers, but a peak flow greater than 4,000
cubic feet per second (CFS) occurred approximately every three years between 1955 and
1970.

Tularosa Creek has an average base flow of approximately 13 CFS (9,495 AFY), with an

average peak flow of 750 CFS that occurs approximately three times per year.

Livingston Associates, P.C.
6-21 Consulting Engineers

W



Tularosa Basin and Salt Basin
Regional Water Plan 2000 — 2040

Additional data on surface water and spring diversions from La Luz Creek were obtained
from the City of Alamogordo files and an aquifer storage and recovery analysis prepared by
Livingston Associates and JSAI (1996). In 1995, the City of Alamogordo collected 4,431
ac-ft from spring boxes in the La Luz and Fresnal Canyons, and 1,365 ac-ft from spring
boxes in Alamo Canyon. The USGS gauged daily base flow in La Luz Creek from 1982 to
1990, which resulted in an average daily baseflow of 12 CFS or 8,694 AFY.

The monthly spring flows from La Luz Creek and Alamo Canyon vary, and are generally
greater in the fall to spring months. In wet years, rainfall and snowpack runoff can be a
substantial contributor to the amount of stream flow available for diversion by the spring

systems.

The Sacramento River was gauged from 1984 to 1989, at a location in the upper part of the
watershed. Daily mean streamflow for the Sacramento River ranged from 2 to 13 CFS
between 1984 and 1989. Streamflow in the Sacramento River is related to runoff from
snowmelt, and does not show peak flow during the summer monsoon season typical of

streams in the lower elevations of the Tularosa Basin.

The U.S. Geological Survey (Waltemeyer, 2001) performed an analysis of selected
watersheds in the Tularosa Basin, and estimated mean annual streamflow using
basin-climatic characteristics. The purpose of estimating streamflow was to determine the
amount of surface water from watersheds in the planning region that could potentially
recharge the alluvial aquifer (basin fill) at the mountain front. The USGS method did not
consider potential direct recharge in watersheds that supplies the bedrock aquifer in the

mountains and highlands.

Total mean annual streamflow for the Northern Tularosa Basin area is estimated (by USGS)
to be 12,116 AFY. Total mean annual streamflow for the Eastern Tularosa Basin area is
estimated to be 47,099 AFY and total mean annual streamflow for the Western Tularosa
Basin area is estimated at 9,291 AFY (See Tables 6.2, 6.3 and 6.4). Mean annual

streamflow for the Salt Basin was not estimated by the USGS.

Discharges from springs play a significant role in surface water flow in the planning region. A

list of all springs in the planning region, inventoried by the USGS, can be found in Appendix 6.2.
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6.2.2.3 Evaporation Data

Calculated potential evaporation was used in this plan as estimates of evaporation for the
water budget. Potential evaporation accounts for water evaporated from the soil, water
consumed by plants (evapotranspiration), and precipitation intercepted by plants. Estimates
of potential evaporation were obtained from Gabin and Lesperance (1977). In the arid
southwest, potential evaporation is best estimated by the procedure developed by Blaney
and Criddle (1962), which requires input variables for mean temperature, a climatic
coefficient related to the mean temperature, the percent daylight for a particular latitude, and
a monthly constant coefficient which reflects the growth stage of alfalfa. The Blaney and
Criddle method provides a high estimate of potential evaporation that can be considered

conservative for estimating surplus precipitation.

Potential evaporation in the Tularosa Basin ranges from 26 to over 50 inches per year (Table
6.1). During the winter months, the potential evaporation at altitudes greater than about
5,860 ft is generally less than precipitation. The evaporation rate in the lower elevations of
the Salt Basin area is nine times the precipitation rate. Evaporation in the Salt Flats is
highest during the summer months when it averages about 80 inches per year (Ashworth,
1995).

Most all of the surface water and ground water naturally discharges by evaporation in the
Alkali Flats and playa lakes in the middle of Tularosa Basin, primarily on the Western side.
The total area for the Alkali Flats and playa lakes is approximately 320 square miles.
Approximately 60 square miles of the Alkali Flats and playa lakes have a depth-to-ground
water less than 20 ft, and may be considered suitable area for evaporation of ground water.
Assuming an evaporation rate of 50 inches per year and 60 square miles of land surface that
evaporates ground water, the rate of discharge from the center of Tularosa Basin is

approximately 160,000 AFY. This rate varies with water table fluctuations at the playa lakes.
6.2.2.4 Storage Reservoirs

The only storage reservoir associated with the Tularosa Basin is Bonito Lake.
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Bonito Lake is located approximately 15 miles northwest of Ruidoso, NM within the Lower
Pecos Drainage Basin. The lake is owned and operated by the City of Alamogordo as a
municipal water supply for Alamogordo, Holloman AFB, Carrizozo, Nogal and Ft. Stanton.
Although the Lake is not physically within the Tularosa Basin, a 90-mile long pipeline carries

Bonito lake water to Alamogordo and HAFB.

The Lake has a surface area of approximately 100 acres (US Bureau of Reclamation, 1989)
with a maximum depth of about 75 feet. The lake was constructed in 1931 and drains a
watershed of more than 21,000 acres. Bonito Lake spillway is at an elevation of
approximately 7,400 ft. (MSL).

Water quality in the Lake is good, with a total-dissolved-solids (TDS) level of approximately
300 mg/L. The high water quality is due to the volcanic nature of the watershed, where
minerals are not easily dissolved. The Bonito Lake drainage is underlain by volcanic rocks
cut by numerous stocks, dikes and sills. Rock types are generally acidic and include
andesite, latite, trachyte, monzonite, syentite and diorite. Mineralized veins consist of simple
fissure fillings of calcite, dolomite and quartz. Gold is the major metal of mining interest, but

some silver, zinc and copper have also been produced.
Dissolved solids entering Bonito Lake should be typical of those resulting from weathering of
granitic rocks. Some minor contribution should be expected from the mineralized vein

system. Some minor contribution from old mining and milling activities is also probable.

Water quality for Bonito Lake is given in Table 6.9.
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6.3 Surface Water Quality

6.3.1 Water Quality Standards

Table 6.8

Water Quality Standards

Parameter Unit waQcc Unit NMED
Primary
Arsenic (As) mg/L 0.1|mg/L - MCL 0.05
Barium (Ba) mg/L 1.0|mg/L - MCL 1.0
Cadmium (Cd) mg/L 0.01|mg/L - MCL 0.010
Chromium (Cr) mg/L 0.05|mg/L - MCL 0.05
Cyanide (CN) mg/L 0.2
Fluoride (F) mg/L 1.6/mg/L, dependent 141024
upon temperature - MCL

Lead (Pb) mg/L 0.05|mg/L - MCL 0.05
Total Mercury (Hg) mg/L 0.002|mg/L - MCL 0.002
Nitrate (NO3; as N) mg/L 10.00|mg/L - MCL 10.00
Selenium (Se) mg/L 0.05/mg/L - MCL 0.01
Silver (Ag) mg/L 0.05|mg/L - MCL 0.05
Uranium (U) mg/L 5.00
Radioactivity:
Gross Alpha Activity pCi/l - MCL 15.0
Combined Radium - 226 and Radium - 228 pCi/l 30.0|pCi/l combined - MCL 5.0
Gross Beta Activity pCi/l - MCL 50.0
Benzene mg/L 0.01
polychlorinated biphenyls (PCB's) mg/L 0.001
Toluene mg/L 15.0
Carbon Tetrachloride mg/L 0.01
1, 2 -dichloroethane (EDC) mg/L 0.02
1, 1 -dichloroethylene (1, 1 -DCE) mg/L 0.005
1, 1, 2, 2 -terachloroethylene (PCE) mg/L 0.02
1, 1, 2 -trichloroethylene (TCE) mg/L 0.1
Secondary
Alkalinity mg/L 30.00 - 500.00
Bicarbonate mg/L 700.0
Calcium mg/L 75.0 - 200.0
Carbonate mg/L 350.0
Chloride (Cl) mg/L 250.0|mg/L 250.0
Color units 15.0
Conductance micromhos 1000.0
Foaming Agents mg/L 0.5
Hardness mg/L 250.0
Copper (Cu) mg/L 1.0/mg/L
Iron (Fe) mg/L 1.0|mg/L 0.3
Magnesium mg/L 125.0

Livingston Associates, P.C.

6-25 Consulting Engineers




Tularosa Basin and Salt Basin
Regional Water Plan 2000 — 2040

Parameter Unit waQcc Unit NMED
Manganese (Mn) mg/L 0.2|mg/L 0.05
Odor threshold odor number 3.0
Phenols mg/L 0.005|mg/L
Sulfate (SO4) mg/L 600.0{mg/L 250.0
Total Dissolved Solids (TDS) mg/L 1000.0|mg/L
Zinc (Zn) mg/L 10.0|mg/L
pH mol/l between 6 mol/l 6.5-8.5
and 9
Potassium mg/L 1000.0
Sodium mg/L 200.0
Total Filterable Residue mg/L 500.0
Turbidity T.U. 1.0-5.0

6.3.2 Quality of Surface Water Sources

The following Table 6.9 summarizes the water quality of the surface water sources in the

Tularosa and Salt Basins:

Table 6.9
Surface Water Quality in the Tularosa and Salt Basins
Parameter Bonito T_hree Tulie La Luz/ Alamo Sacrgmento

Lake Rivers Creek Fresnal* Canyon* River
Sample date 5/85 5/85 3/99 5/85
e-cond. 874 1,664 1,200 1,505 427
TDS 298 678 1,418 830 1,005 296
PH 8.0 8.0 8.0 8.3 7.5 8.0
Calcium 46 122 130 160 194 77
Magnesium 14 21 108 34 73 7
Sodium 12 48 58 76 25 0.5
Potassium 1.0 1.6 1.7 <5.0 0.4 0.8
Barium 0.01 0.05
Iron 0.82 0.05 0.20 <0.20 <0.25 0.05
Manganese 0.39 0.04 <0.05 <0.05 <0.05 0.03
Bicarbonate 93 146 187 230 378 226
Sulfate 120 299 750 270 558 297
Chloride 11 45 76 100 24 6

* _composite
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6.4 Ground Water Supply

Ground water is the primary source of water in the Northern and Western Tularosa Basin
areas, whereas surface water and ground water are utilized for supply in the Eastern
Tularosa Basin and Salt Basin. Approximately 667 million acre-feet of ground water are
estimated to be stored in the planning region, but only approximately 33 million acre-feet (5
percent) of that is considered recoverable fresh water (more than one-half in the Salt Basin).
Surface water occurs as runoff from mountain watersheds and as spring flow. All surface
waters combined result in a flow of 70,000 acre-feet per year in the planning region; most of

this surface water originates from the Sacramento Mountains.

Ground water in the planning region can be divided into two generalized geologic settings:
1) basin fill aquifer, and 2) bedrock aquifer. The majority of the wells in the planning region
produce from the basin fill aquifer. The basin fill aquifer is known to have the highest well
yields in the planning region, suitable for irrigation. Well yield from the bedrock aquifer varies
according to rock type and location, and may range from less than one gallon-per-minute (gpm)

to over 1,000 gpm.

Ground water in the Northern Tularosa Basin area is predominately in the bedrock aquifer,
although from Carrizozo to the south, the basin fill aquifer is present. Ground water in the
Eastern Tularosa Basin area occurs in the basin fill aquifer and in the bedrock aquifer north
of Alamogordo. The Western Tularosa Basin area solely contains the basin fill aquifer. The
bedrock aquifer in the Salt Basin area is one of the most productive in the planning region.
Wells in the Crow Flat area of the Salt Basin produce from the basin fill and bedrock aquifers.

A geologic map of the planning region is presented as Figure 6.6.
6.4.1 Geologic Data

The Tularosa Basin is located in south-central New Mexico within portions of Lincoln, Otero,
Sierra, and Dona Ana Counties. It is a curved, downfaulted basin related to the Rio Grande
rift proper. The Rio Grande rift is a north-south trending extensional feature stretching from
northern Mexico to southern Colorado (Hawley, 1978). The Tularosa Basin is a closed basin

bounded by Chupadera Mesa to the north, the Organ, San Andres and Franklin Mountains to
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the west, the Sacramento Mountains and Sierra Blanca peak to the east, and the bedrock
high to the south (Orr and Myers, 1986). This basin covers an area of approximately 6,500
square miles and extends to the north over 170 miles from the New Mexico — Texas border
(Orr and Myers, 1986). The collapse and downfaulting of an over-extended north-south
trending upwarp referred to as the Pedernal Ridge (Kelly and Thompson, 1964) (see Figures
6.7 through 6.15) formed the Tularosa Basin.

For the purposes of this study, the Tularosa Basin has been divided into four sub-basins
based on their hydrogeologic characteristics. The Tularosa Basin proper has been split into
a northern and southern portion with its southern portion further divided into eastern and
western sections along the north-south trending Jarilla Fault line. The Salt Basin is treated

as a separate (and fourth) area of study. The discussion is divided into these four sub-areas.

The geologic units found in the planning region are listed in Table 6.10. Also included in

Table 6.10 is a list of each geologic unit, the thickness of the geologic unit, and description.
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Table 6.10
Summary of Geologic Units for the Planning Region
Age Symbol Stratigraphic Unit Thlczlf(tr)ness Description
Quaternary Qa Alluvium 200 — 500 |Basin fill — unconsolidated clay, silt,
sands, and gravels
Qb Basalt 10-50 |Basaltlava flows
Qts Upper Santa Fe Group | 500 — 2000 (Basin fill — silts, sands, and gravels
Tertiary Ti Intrusives 10— 100 |lgneous intrusives - dikes and sills
Tps Galisteo SS 50 — 100 |Interbedded siltstones and sandstone
Cretaceous Kmv Mesaverde Group 400 — 500 [Interbedded sandstone and shale
Triassic Km Mancos Shale 150 — 250 |Interbedded siltstones and shales
Trc Chinle 50 -100 |Interbedded siltstones and shales
Trm Moenkopi 50 — 100 |Interbedded siltstones and shales
Permian P Permian undivided 2000 — 5000
Psa/ Pvp |Glorieta/ San Andres/ 200 - 1000 |Sandstone and Limestone
Victorio Peak
Py Yeso Formation 1200 - 1800 |Interbedded limestones and shales
Pa/ Ph  |Abo/ Hueco Formations | 200 - 500 |Mudstones and conglomerates
Pennsylvanian Pb Bursum Formation 400 - 600 |Interbedded siltstones, sandstones,
shales and conglomerates
IP Holder Formation 500 - 900 |Interbedded limestones and
conglomerates
Mississipian - Gobbler Formation 1200 - 1600 |Sandstones and conglomerates
Cambrian M-C Lake Valley Formation 350 - 450 (Interbedded limestones and shales
Percha Shale 40 - 80 |Black noncalcareous shale
Fusselman Dolomite 20-100 |Massive dolomite with chert
Montoya Formation 190 - 225 |Massive dolomite
El Paso Formation 350 - 450 |Dolomitic sandstone
Precambrian Bliss Sandstone 100 - 150 |Quartz sandstone
pC Granite Granites and granodiorites

Northern Tularosa Basin

The northern portion of the Tularosa Basin is located in south-central New Mexico and is

centered roughly on the town of Carrizozo. This portion of the basin is confined within the

watershed margins of the Tularosa Basin and Townships 1 and 10 South between Ranges 5

and 11 East (near the Otero-Lincoln County border). This portion of the basin is narrow and

is at a higher elevation with respect to the rest of the basin.
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The subsurface geologic strata that represent the principal water producing units are the
alluvial deposits, the upper and lower Santa Fe Formations (in the southern portion of the
sub-basin), the Mesaverde Group, the Glorieta Sandstone, the San Andres Limestone, and

the Yeso Formation.

The upper Santa Fe Formations are Pliocene to Miocene in age and are undifferentiated in
the Northern Tularosa Basin (Hawley, 1978), and, in this report, are referred to as basin fill
deposits. The extent of the basin fill deposits is shown on Figure 6.16. These units are not
present in the northern portion, but have a thickness of up to 2,000 ft in the extreme southern
portion of the sub-basin (Reynolds, 1986; McLean, 1970). The basin fill deposits thin to the
north, and are generally less than 100 ft thick in the Carrizozo area. This unit is made up of
coarse river sediments and valley fill, mainly cobbles, sand, and silt, making it a very

productive aquifer where saturated.

Beneath the basin fill and alluvium in the area east of Carrizozo is the Cretaceous-age
Mesaverde Group and Dakota Sandstone; these rocks regionally dip to the east
(Hendrickson, 1949). These rocks yield water to wells in the Nogal Canyon and Oscura

areas; typically less than 50 GPM.

In the Northern Tularosa Basin the Permian-age San Andres Limestone and Glorieta
Sandstone are the upper-most lithologic units in the northern portion of the sub-basin (Figure
6.6), while it underlies the Santa Fe Group to the south (Griswold, 1959). It is gently folded
in the center of the basin and offset at the eastern and western mountain fronts by basin
bounding normal faults. The Glorieta Sandstone (250 ft thick) is underlain by 300 ft of San
Andres Limestone. The San Andres is composed of highly fractured limestone, which makes
it a productive bedrock aquifer. The San Andres limestone is also gently folded in the center

and offset by normal faults on the edges of the basin.

The Permian Yeso Formation underlies the San Andres Formation and is exposed in a few
areas of the northern sub-basin (Figures 6.7 and 6.8). The Yeso typically has a thickness of
approximately 1,000 ft and is also gently folded in the central portion of the basin (Griswold,
1959). It is a pinkish-gray to yellow gypsiferous sandstone that is sometimes interbedded
with limestone. Wells that produce from the Yeso Formation typically yield less than 10 GPM,

but can be higher where secondary porosity occurs from fracturing. The Yeso generally
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produces ground water high in sulfate and total dissolved solids as a result of leaching
gypsum from the formation. The Yeso Formation is almost always associated with the
underlying Permian-age Abo Formation in this part of New Mexico. The Abo Formation does
not often outcrop within the basin, but drill-hole logs indicate it is present at depth and is
approximately 800 ft thick (Griswold, 1959). It is likely deformed in much the same way as
the overlying Yeso Formation, but the lack of exposures limits any detailed discussion of its

subsurface morphology.

Western Tularosa Basin
The Western Tularosa Basin is bounded on the west by the San Andres Mountains and the

bedrock high of the Jarilla Fault to the east. The Jarilla Fault separates the Western

Tularosa Basin from the Eastern Tularosa Basin from Township 11 to 26 South down Range
7 East (Figures 6.9 to 6.12), expressed by the outcroppings at the Jarilla Mountains, Dos
Hermanos, Hurtz Spring, and Tulie Peak. This normal fault has a down-to-the-west
orientation, creating two separate half grabens along the length of the basin (Reynolds,
1986). This fault creates the bedrock high that separates the basin into two halves,
effectively isolating these two ground water basins from each other. The fault runs through
Holloman Air Force Base just west of the playa lake known as Lake Holloman and east of the
White Sands Dunes. Springs such as Hurtz Spring are present in several locations along the
fault. The TDS of the springs along the Jarilla Fault have TDS content exceeding 3,000 ppm,
but is much lower than nearby highly mineralized surface and ground water in the playa flats
near Holloman Air Force Base. The west side of the basin is almost entirely occupied by

undeveloped lands of White Sands Missile Range/ Fort Bliss/ Holloman Air Force Base.

Quaternary-age alluvial, piedmont, eolian, and pluvial deposits cover the basin surface and
are underlain by the Santa Fe Group sediments, all considered basin fill deposits. Many of
these basin fill deposits are laden with evaporite deposits, dominantly gypsum sands, which
have formed the famous dunes of White Sands National Monument. The basin fill deposits
are thickest in the Western Tularosa Basin area, and have been estimated to be over 4,000 ft
in places. Ground water in th