
December 2003

S
ocorro-S

ierra R
egion

al W
ater P

lan
S

ocorro-S
ierra R

egion
al W

ater P
lan

Daniel B. Stephens & Associates, Inc.

e
n
g
in

e
e
rin

g

h
y
d
ro

lo
g
y

g
e
o
s
c
ie

n
c
e

D
B
S
&
A

6020 Academy NE, Suite 100
Albuquerque, NM  87109

Prepared by:

Socorro-Sierra
Regional Water Plan

Socorro-Sierra
Regional Water Plan

In association with:

Prepared for:

Socorro Soil and Water
Conservation District
Socorro, New Mexico

December 2003

e
n
g
in

e
e
rin

g

h
y
d
ro

lo
g
y

g
e
o
s
c
ie

n
c
e

D
B
S
&
A

TM 
Image supplied by the FHWA with American Byways Nomination Application, 1998

V
o

lu
m

e
 2

: A
p

p
e

n
d

ic
e

s
 C

 T
h

ro
u

g
h

 1
1

 
V

o
lu

m
e

 2
: A

p
p

e
n

d
ic

e
s

 C
 T

h
ro

u
g

h
 1

1
 

Volume 2: Appendices C Through 11 Volume 2: Appendices C Through 11 

Volume 1: Text, Appendices A and BVolume 1: Text, Appendices A and B



 

 

 

 
 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Table of Contents 

Section Page 

Acknowledgements...................................................................................................................... ix 

List of Acronyms ........................................................................................................................... x 

Executive Summary ................................................................................................................ES-1 

1. Introduction ..........................................................................................................................1-1 
1.1 Previous Water Planning Efforts in the Region ............................................................1-1 
1.2 Information Sources .....................................................................................................1-3 
1.3 Organization of the Regional Water Plan .....................................................................1-4 

2. Public Participation...............................................................................................................2-1 
2.1 Public Involvement in the Planning Process.................................................................2-1 
2.2 Strategy to Maximize Public Involvement.....................................................................2-3 

2.2.1 Quarterly Steering Committee Meetings/Public Meetings .................................2-4 
2.2.2 Communication with the Public .........................................................................2-8 

2.3 Public Welfare ..............................................................................................................2-9 

3. Background..........................................................................................................................3-1 
3.1 General Description of the Planning Region ................................................................3-1 

3.1.1 Climate ..............................................................................................................3-3 
3.1.2 Major Surface and Groundwater Sources .........................................................3-3 
3.1.3 Demographics, Economic Situation and Land Use ...........................................3-4 

3.2 Overview of Historical Water Use in the Region...........................................................3-6 

4. Legal Issues Affecting Water Use and Supply in the  Socorro-Sierra Water Planning 
Region..................................................................................................................................4-1 
4.1 Water Law in New Mexico ............................................................................................4-1 
4.2 Surface Water Rights in Socorro and Sierra Counties .................................................4-2 
4.3 Water Rights in Declared Groundwater Basins in Socorro and Sierra Counties..........4-3 

4.3.1 Rio Grande Basin ..............................................................................................4-6 
4.3.2 Hot Springs Artesian Basin................................................................................4-8 
4.3.3 Las Animas Creek Basin ...................................................................................4-8 
4.3.4 Tularosa Basin...................................................................................................4-9 
4.3.5 Lower Rio Grande and Nutt-Hockett Basins....................................................4-10 
4.3.6 Gila-San Francisco Basin ................................................................................4-11 
4.3.7 Mimbres Valley Basin ......................................................................................4-11 
4.3.8 Undeclared Areas of Socorro and Sierra Water Planning Region...................4-13 

4.4 Major Water Rights Holders in Socorro and Sierra Counties .....................................4-14 
4.5 Legal Issues to Consider in Future Water Planning Activities ....................................4-18 

4.5.1 Issues Arising Out of Federal Law...................................................................4-19 
4.5.2 Rio Grande Compact.......................................................................................4-22 
4.5.3 Other Issues Affecting the Socorro/Sierra Regional Water Planning Area......4-23 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc i 



 

 

 

 
 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Table of Contents (Continued) 
 
Section Page 
 
5. Water Resources .................................................................................................................5-1 

5.1 Surface Water Supply...................................................................................................5-2 
5.1.1 Summary of Climatic Conditions .......................................................................5-4 
5.1.2 General Hydrologic Setting................................................................................5-6 
5.1.3 Summary of Streamflow Data............................................................................5-7 

5.2 Overview of Groundwater Supplies in the Socorro-Sierra Water Planning Region......5-9 
5.3 San Agustin Basin ......................................................................................................5-12 

5.3.1 Physiography...................................................................................................5-13 
5.3.2 Geology ...........................................................................................................5-13 
5.3.3 Hydrogeology ..................................................................................................5-16 

5.4 Alamosa Creek Basin .................................................................................................5-20 
5.4.1 Physiography...................................................................................................5-20 
5.4.2 Geology ...........................................................................................................5-20 
5.4.3 Hydrogeology ..................................................................................................5-22 

5.5 Jornada del Muerto Basin...........................................................................................5-23 
5.5.1 Physiography...................................................................................................5-24 
5.5.2 Geology ...........................................................................................................5-24 
5.5.3 Hydrogeology ..................................................................................................5-27 

5.6 Tularosa Basin............................................................................................................5-29 
5.6.1 Physiography...................................................................................................5-31 
5.6.2 Geology ...........................................................................................................5-31 
5.6.3 Hydrogeology ..................................................................................................5-34 

5.7 Las Animas Creek Basin ............................................................................................5-38 
5.7.1 Physiography...................................................................................................5-39 
5.7.2 Geology ...........................................................................................................5-39 
5.7.3 Hydrogeology ..................................................................................................5-41 

5.8 Hot Springs Artesian Basin.........................................................................................5-43 
5.8.1 Physiography...................................................................................................5-44 
5.8.2 Geology ...........................................................................................................5-44 
5.8.3 Hydrogeology ..................................................................................................5-46 

5.9 La Jencia Basin ..........................................................................................................5-47 
5.10 Rio Grande Basin .......................................................................................................5-49 
5.11 Groundwater Recharge and Storage..........................................................................5-51 

5.11.1 Recharge Estimates ........................................................................................5-52 
5.11.2 Groundwater Resources in Storage ................................................................5-56 

5.12 Water Quality Assessment .........................................................................................5-59 
5.12.1 Surface Water..................................................................................................5-60 
5.12.2 Groundwater....................................................................................................5-64 
5.12.3 Quality of Water Entering the Planning Region ...............................................5-75 

6. Historical and Current Water Demand in the  Socorro-Sierra Water Planning Region ........6-1 
6.1 Current Water Use........................................................................................................6-1 

6.1.1 Public Water Supply Current Demand...............................................................6-7 
6.1.2 Self-Supplied Domestic Current Demand........................................................6-14 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc ii 



 

 

 

 
 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Table of Contents (Continued) 
 
Section Page 
 

6.1.3 Irrigated Agriculture .........................................................................................6-15 
6.1.4 Livestock Current Demand..............................................................................6-19 
6.1.5 Commercial Current Demand..........................................................................6-21 
6.1.6 Industrial Current Demand ..............................................................................6-23 
6.1.7 Mining Current Demand ..................................................................................6-23 
6.1.8 Power Current Demand...................................................................................6-25 
6.1.9 Riparian Evapotranspiration ............................................................................6-26 
6.1.10 Open Water Evaporation .................................................................................6-27 
6.1.11 Summary of Historical and Current Water Demand ........................................6-28 

6.2 Projected Population Growth......................................................................................6-33 
6.3 Future Demand...........................................................................................................6-36 

6.3.1 Methods...........................................................................................................6-37 
6.3.2 Results and Conclusions .................................................................................6-38 

7. Ability of Supply to Meet Demand........................................................................................7-1 
7.1 Water Budget for the Socorro–Sierra Planning Region................................................7-1 

7.1.1 Rio Grande Basin ..............................................................................................7-2 
7.1.2 Outlying Groundwater Basins............................................................................7-7 

7.2 Conclusions Regarding Supply and Demand in the Socorro-Sierra Region ................7-9 

8. Analysis of Alternatives for Meeting Future Demand ...........................................................8-1 
8.1 Identification and Selection of Alternatives...................................................................8-1 
8.2 Improve Efficiency of Surface Water Irrigation Conveyance Systems .........................8-5 

8.2.1 Technical Feasibility ..........................................................................................8-7 
8.2.2 Political Feasibility and Social/Cultural Impacts ................................................8-9 
8.2.3 Financial Feasibility ...........................................................................................8-9 
8.2.4 Hydrological Impacts .......................................................................................8-11 
8.2.5 Environmental Impacts ....................................................................................8-15 

8.3 Improve On-Farm Efficiency.......................................................................................8-15 
8.3.1 Technical Feasibility ........................................................................................8-16 
8.3.2 Political Feasibility and Social/Cultural Impacts ..............................................8-23 
8.3.3 Financial Feasibility .........................................................................................8-24 
8.3.4 Hydrological Impacts .......................................................................................8-25 
8.3.5 Environmental Impacts ....................................................................................8-27 

8.4 Control Brush and Weeds along Water Distribution Systems and Drains..................8-27 
8.4.1 Summary of the Alternative .............................................................................8-27 
8.4.2 Technical Feasibility ........................................................................................8-28 
8.4.3 Political Feasibility and Social/Cultural Impacts ..............................................8-28 
8.4.4 Financial Feasibility .........................................................................................8-29 
8.4.5 Hydrological Impacts .......................................................................................8-29 
8.4.6 Environmental Impacts ....................................................................................8-30 

8.5 Control Non-Reservoir Surface Water Evaporation by Reducing Surface Water in 
Engineered and Natural Locations .............................................................................8-31 
8.5.1 Technical Feasibility ........................................................................................8-32 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc iii 



 

 

 

 
 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Table of Contents (Continued) 
 
Section Page 
 

8.5.2 Political Feasibility and Social/Cultural Impacts ..............................................8-33 
8.5.3 Financial Feasibility .........................................................................................8-33 
8.5.4 Hydrological Impacts .......................................................................................8-33 
8.5.5 Environmental Impacts ....................................................................................8-36 

8.6 Require Proof of Sustainable Water Supply for Approval of New Developments.......8-37 
8.6.1 Technical Feasibility ........................................................................................8-37 
8.6.2 Political Feasibility and Social/Cultural Impacts ..............................................8-41 
8.6.3 Financial Feasibility .........................................................................................8-41 
8.6.4 Hydrological Impacts .......................................................................................8-41 
8.6.5 Environmental Impacts ....................................................................................8-42 

8.7 Encourage Retention of Water Within the Planning Region.......................................8-42 
8.7.1 Technical Feasibility ........................................................................................8-42 
8.7.2 Political Feasibility and Social/Cultural Impacts ..............................................8-48 
8.7.3 Financial Feasibility .........................................................................................8-48 
8.7.4 Hydrological Impacts .......................................................................................8-50 
8.7.5 Environmental Impacts ....................................................................................8-51 

8.8 Remove Exotic Vegetation on a Wide Scale ..............................................................8-51 
8.8.1 Technical Feasibility ........................................................................................8-51 
8.8.2 Political Feasibility and Social/Cultural Impacts ..............................................8-52 
8.8.3 Financial Feasibility .........................................................................................8-53 
8.8.4 Hydrological Impacts .......................................................................................8-54 
8.8.5 Environmental Impacts ....................................................................................8-57 

8.9 Watershed Management ............................................................................................8-57 
8.9.1 Technical Feasibility ........................................................................................8-59 
8.9.2 Political Feasibility and Social/Cultural Impacts ..............................................8-60 
8.9.3 Financial Feasibility .........................................................................................8-62 
8.9.4 Hydrological Impacts .......................................................................................8-63 
8.9.5 Environmental Impacts ....................................................................................8-68 

8.10 Develop Economic Potential for Non-Native Species Removal, Harvest, and 
Product Output by Local Industries ............................................................................8-70 
8.10.1 Background .....................................................................................................8-70 
8.10.2 Key Issues.......................................................................................................8-71 
8.10.3 Implementation ................................................................................................8-73 

8.11 Make Water Rights a Non-Condemnable Resource ..................................................8-73 
8.11.1 Background .....................................................................................................8-74 
8.11.2 Key Issues.......................................................................................................8-77 
8.11.3 Summary of the Alternative .............................................................................8-78 
8.11.4 Implementation ................................................................................................8-80 

8.12 Improve Reservoir Management for Better Coordination of Flows with Demand.......8-81 
8.12.1 Background .....................................................................................................8-81 
8.12.2 Key Issues.......................................................................................................8-83 
8.12.3 Implementation ................................................................................................8-84 

8.13 Identify and Protect Areas Vulnerable to Contamination............................................8-85 
8.13.1 Background .....................................................................................................8-85 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc iv 



 

 

 

 
 

Table of Contents (Continued) 
 
Section Page 
 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

8.13.2 Key Issues.......................................................................................................8-86 
8.13.3 Implementation ................................................................................................8-88 

8.14 Adopt and Implement Local Water Conservation Plans and Programs Including 
Drought Contingency Plans........................................................................................8-89 
8.14.1 Background .....................................................................................................8-90 
8.14.2 Key Issues.......................................................................................................8-93 
8.14.3 Implementation ................................................................................................8-94 

8.15 Interregional Water Management Decisions, Public Participation, and Funding........8-96 
8.15.1 Background .....................................................................................................8-97 
8.15.2 Key Issues.......................................................................................................8-99 
8.15.3 Implementation ..............................................................................................8-100 

8.16 Summary Recommendations and Implementation Schedule...................................8-108 

References................................................................................................................................ R-1 
 
 
 
 

List of Figures 

Figure Page 

1-1 Location of Socorro-Sierra Planning Region .............................................................1-2 

3-1 Area Map...................................................................................................................3-2 

4-1 OSE-Declared Groundwater Basins in Planning Region...........................................4-5 

5-1 Surface Water Drainage Areas..................................................................................5-3 

5-2 Major USGS-Defined Groundwater Basins in Planning Region ..............................5-10 

5-3 Cross Section A-A’ of the San Agustin Basin ..........................................................5-15 

5-4 Water Level Elevations in Gallinas Embayment Bolson-Fill Aquifer........................5-19 

5-5 Cross Section B-B’ of the Jornada del Muerto and Tularosa Basins.......................5-25 

5-6 Water Level Elevations in Jornada del Muerto Basin ..............................................5-30 

5-7 Water Level Elevations in Tularosa Basin ...............................................................5-35 

5-8 Cross Section C-C’ of Representative Alluvial Fan (at Rhodes Canyon) in the 
Tularosa Basin.........................................................................................................5-37 

5-9 Cross Section D-D' of the Las Animas Creek Basin................................................5-40 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc v 



 

 

 

 

List of Figures (Continued) 
 
Figure Page 
 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

6-1 2000 OSE Water Use and Riparian Evapotranspiration for Socorro-Sierra 
Water Planning Region............................................................................................6-30 

6-2 Historical and Projected Population Growth ............................................................6-34 

6-3 Future Demand in the Public Water Supply, Domestic, and Commercial 
Categories ...............................................................................................................6-39 

7-1 Rio Grande Basin Average Annual Water Budget in Socorro-Sierra Planning 
Region .......................................................................................................................7-3 

 
 
 

List of Tables 

Table Page 

4-1 Office of the State Engineer Water Rights Division Offices.......................................4-4 

4-2 Groundwater Rights Records in Socorro and Sierra Counties ................................4-14 

4-3 Major Water Rights Holders in Socorro and Sierra Counties ..................................4-15 

5-1 Water Yield Statistics for Selected Stream Gaging Stations in the Socorro-
Sierra Region.............................................................................................................5-8 

5-2 Estimated Surface Inflow to the  Middle Rio Grande in the Planning Region............5-8 

5-3 Maxey-Eakin Recharge Percentages for Precipitation Ranges...............................5-54 

5 4 Calculated Recharge to Groundwater Basins Outside the Rio Grande Valley in 
the Socorro-Sierra Water Planning Region .............................................................5-55 

5-5 Estimates of Groundwater Resources Stored Outside the Rio Grande Valley in 
Socorro-Sierra Water Planning Region ...................................................................5-57 

5-6 Assessed Stream and River Reaches in the Socorro-Sierra Planning Region 
State of New Mexico 2002-2004, CWA§303(d) List ................................................5-61 

5 7 Waters with Fish Consumption Guidelines Included on the  2002-2004 
CWA§303(d) List .....................................................................................................5-62 

5 8 Municipal and Industrial NPDES Permittees in Socorro and Sierra Counties .........5-63 

5-9 Leaking Underground Storage Tank Sites in Socorro and Sierra Counties ............5-67 

5-10 Groundwater Discharge Permits in the Socorro-Sierra Water Planning Region .....5-71 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc vi 



 

 

 

 

List of Tables (Continued) 
 
Table Page 
 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

5 11 CERCLA Superfund Sites in Socorro and Sierra Counties .....................................5-73 

5 12 Landfills in Socorro and Sierra Counties .................................................................5-74 

5-13 Standard Exceedances at USGS Stream Water Quality Monitoring Stations .........5-76 

5-14 Major Municipal and Industrial NPDES Permittees  Upstream of the Socorro-
Sierra Planning Region............................................................................................5-77 

5-15 City of Albuquerque Wastewater Treatment Plant Effluent Quality, 2001 and 
2002.........................................................................................................................5-78 

6-1 Socorro-Sierra Planning Region Water Use 1975 Through 2000 .............................6-3 

6-2 List of Water Providers in Socorro-Sierra Planning Region.......................................6-8 

6-3 Current Water Use by Public Water Supply Providers and Other Community 
Systems in Socorro-Sierra Planning Region ...........................................................6-11 

6-4 Public Water Supply Consumptive Use and Withdrawal .........................................6-14 

6-5 Self-Supplied Domestic Consumptive Use and Withdrawal ....................................6-15 

6-6a Irrigated Agriculture Consumptive Use Based on USDA and Farm Reports of 
Irrigated Acreage.....................................................................................................6-17 

6-6b Irrigated Agriculture Consumptive Use and Withdrawal ..........................................6-17 

6-7a Livestock Consumptive Use and Withdrawal ..........................................................6-20 

6-7b Livestock Consumptive Use Based on USDA and Farm Reports of Irrigated 
Acreage ...................................................................................................................6-20 

6-8 Self-Supplied Commercial Consumptive Use and Withdrawal................................6-22 

6-9 Self-Supplied Industrial Consumptive Use and Withdrawal ....................................6-23 

6-10 Self-Supplied Mining Consumptive Use and Withdrawal ........................................6-25 

6-11 Riparian Evapotranspiration Consumptive Use.......................................................6-26 

6-12a Open Water Evaporation Consumptive Use and Withdrawal..................................6-28 

6-12b Open Water Evaporation Consumptive Use Based on USDA and Farm Reports 
of Irrigated Acreage.................................................................................................6-29 

6-13 Estimated Future Water Use in the Socorro-Sierra Water Planning Region ...........6-40 

7-1 Modeled Inflow and Outflow of the Rio Grande in the Socorro-Sierra Water 
Planning Region ........................................................................................................7-5 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc vii 



 

 

 

 

List of Tables (Continued) 
 
Table Page 
 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

8-1 Performance and Maintenance Characteristics of Selected Lining Materials ...........8-9 

8-2 Attainable Sprinkler Irrigation Efficiencies ...............................................................8-19 

8-3 Potential Water Supply Increases in Socorro-Sierra Planning Region....................8-65 

8-4 Eminent Domain Authority of New Mexico Governmental Entities..........................8-75 

8-5 Rio Grande Project Reservoirs in the  Socorro-Sierra Water Planning Region.......8-82 

8-6 State and Federal Funding Sources......................................................................8-101 

8-7 Implementation Schedule and Recommended Actions for Alternatives to Meet 
Future Supply Needs.............................................................................................8-109 

 
 
 
 

List of Appendices 

Appendix 

A Bibliography 

B NMWRRI Maps 

C Public Involvement Information 

D Water Rights Information  

E SSPA surface water report 

F Groundwater Supply Information 

G Water Use Information 

H Agriculture Conservation Plan 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc viii 



 

 

 

 

 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Acknowledgements 

Daniel B. Stephens & Associates, Inc. would like to thank the members of the Socorro-Sierra 

Regional Water Planning Steering Committee for their assistance and direction in developing 

this regional water plan.  In particular, we would like to thank the committee co-chairs, John 

Carangelo of the Socorro Soil and Water Conservation District (SWCD) and Rod Hille of the 

Sierra County Planning and Zoning Commission, for providing input and direction throughout 

the process.  Also, Nylene Stowe of the Socorro SWCD and Merry Jo Fahl of the Sierra SWCD 

were instrumental in coordinating the public involvement process, and Rob Bowman, Peggy 

Johnson, and Jane Farmer served on the alternatives subcommittee and assisted with technical 

review. 

In addition to the Steering Committee, we would like to thank others that worked on the plan.  

Hydrosphere Resources completed the historical and future water demand projections and the 

water conservation plan, and assisted with groundwater supply and recharge estimates and the 

public participation program.  Sites Southwest developed the population projections and 

managed the public involvement process, including facilitating the public and Steering 

Committee meetings.  Finally, we would like to thank Mary Helen Follingstad of the New Mexico 

Interstate Stream Commission for assisting with the regional water planning process. 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc ix 



 

 

 

 
 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

List of Acronyms 

ac-ft/yr  acre-foot per year 
AWC  available water content 
 
bgs  below ground surface 
 
CERCLA  Comprehensive Environmental Response, Compensation, and Liability Act 

cfs  cubic feet per second 
WA  Clean Water Act  

 ssociates, Inc. 
EM  digital elevation model 

istrict 
  s Act 

T  evapotranspiration 

a level  
WS  free water surface 

ram 
ystem 

 foot 

WSI  USGS Ground Water Sites Inventory 

ons 

  ate Change 
C Interstate Stream Commission 

FCC Low Flow Conveyance Channel 

A er Consumers Association 
 s per liter 

 Division 

RGCD  Middle Rio Grande Conservancy District  

icy Act 

C
 
DBS&A Daniel B. Stephens & A
D
 
EBID Elephant Butte Irrigation D
ESA Endangered Specie
E
 
ft msl  feet above mean se
F
 
GAP  New Mexico Gap Analysis Prog
GIS  geographic information s
gpd/ft gallons per day per 
gpm  gallons per minute 
gpm/ft  gallons per minute per foot 
G
 
IDs incidental depleti
in/yr  inches per year 
IPCC Intergovernmental Panel on Clim
IS
 
L
 
MCL  maximum contaminant level 
MDWC Mutual Domestic Wat
µg/L microgram
mL  milliliters 
mm/d  millimeters per day 
MMD  Mining and Minerals
MRG middle Rio Grande 
M
 
NCDC National Climatic Data Center  
NEPA National Environmental Pol
NLCD  National Land Cover Data 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc x 



 

 

 

 

 
List of Acronyms (Continued) 

P:\9469\RegWtrPln.D-03\TOC_D-03.doc xi 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

NMASS New Mexico Agricultural Statistics Servi ce 

RD   Natural Resources Department 

S  tion System  

stration  
RCS  Natural Resources Conservation Service  

SE  New Mexico Office of the State Engineer  

 
DSI  Palmer Drought Severity Index  

WCD Soil and Water Conservation District 

MDL  total maximum daily load 

 s 

 vice 
 rvey   

ST  underground storage tank  

S  ineering Resource System Database 

RRI  New Mexico Water Resources Research Institute  
 

NMDA  New Mexico Department of Agriculture 
NMED  New Mexico Environment Department  
NMEMN New Mexico Energy, Minerals and
NMSA New Mexico Statutes Annotated 
NPDE National Pollutant Discharge Elimina
NPL  National Priorities List (Superfund) 
NMWQCC  New Mexico Water Quality Control Commission  
NOAA  National Oceanic and Atmospheric Admini
N
 
O
 
PDO  Pacific Decadal Oscillation 
PDOI  Pacific Decadal Oscillation index
P
 
S
 
TDS  total dissolved solids 
T
 
USACE U.S. Army Corps of Engineer
USBR U.S. Bureau of Reclamation 
USDA U.S. Department of Agriculture  
USFWS United States Fish and Wildlife Ser
USGS United States Geological Su
U
 
WATER Water Administration Technical Eng
WRCC Western Regional Climate Center  
W



 

 

 

 

 

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Executive Summary 

The Socorro-Sierra water planning region is one of 16 water planning regions in the State of 

New Mexico that are developing a regional water plan.  The region includes all of Socorro and 

Sierra Counties and is centered on the Rio Grande in central New Mexico (Figure ES-1).  Most 

of the water in the region is used for agriculture along the Rio Grande Valley, for riparian 

evapotranspiration, and for evaporation from the reservoirs in Sierra County (Figure ES-2).   

The purpose of the Socorro-Sierra Regional 

Water Plan is to assess the available supply 

of surface water and groundwater within the 

region and to identify methods for meeting 

the projected demand and protecting the 

water resources of the region through 

conservation, water resources manage-

ment, and protection of the quality and 

quantity of existing supplies for future use 

within the region.   

The Socorro-Sierra planning activities are 

overseen by a Steering Committee that is 

made up of diverse professionals and public 

participants who represent a wide variety of 

water interests within Socorro and Sierra 

Counties, and the designated fiscal agent is 

the Socorro Soil and Water Conservation District (SWCD).  The Socorro-Sierra Steering 

Committee and the Socorro SWCD retained Daniel B. Stephens & Associates, Inc. (DBS&A), 

Hydrosphere Resource Consultants, Inc. (Hydrosphere), and Sites Southwest to complete this 

regional water plan.  In addition to these consultants retained by the region, the New Mexico 

Interstate Stream Commission (ISC) funded S.S. Papadopulos & Associates (SSPA) to evaluate 

the surface water supply and analyze the hydrologic impacts of alternatives, in conjunction with 

a larger surface water modeling effort on the Rio Grande. 

Location of the 
Socorro-Sierra Planning Region

Figure ES-1
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The ISC’s Regional Water Planning Handbook serves as a guideline for regional water planning 

in New Mexico and has been used as an outline for the Socorro-Sierra Regional Water Plan.  

According to the template, a regional water plan must address the following questions: 

1. What is the water supply available to the region? 

2. What is the region's current and 

projected future demand for 

water? 

3. What are the region's alterna-

tives for using available supplies 

to meet projected future water 

demands (including, to the ex-

tent needed, reducing demand)? 

4. What are the advantages and 

disadvantages of each alterna-

tive with respect to local values 

and criteria?   

5. What are the best water supply 

alternatives and how will they be 

implemented? 
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To address these questions, this plan discusses both the physical availability of water and the 

water rights and legal constraints that affect the availability of water, projects future demands for 

water, and identifies and evaluates alternatives for meeting future demands.   

Socorro-Sierra Planning Region 

The Socorro-Sierra planning region encompasses all of Socorro and Sierra Counties in central 

New Mexico (Figure ES-1), covering an area of approximately 11,000 square miles.  Elevations 
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range from about 4,100 feet above mean sea level in the southern portion of the region to over 

10,000 feet above mean sea level in the mountains.   

Socorro County includes two incorporated areas, Magdalena and Socorro, while Sierra County 

includes four incorporated areas, Elephant Butte, Truth or Consequences, Williamsburg, and 

Hillsboro.  Socorro, in Socorro County, is the largest municipality in the planning region with a 

population of approximately 8,900 in 2000, and Truth or Consequences, in Sierra County, is the 

second largest town with a population of approximately 7,300.  The total populations of Socorro 

and Sierra Counties have doubled over the last 30 years and are currently about 18,100 for 

Socorro County and 13,300 for Sierra County. 

Land ownership within the planning region is primarily a mixture of private, U.S. Forest Service, 

State of New Mexico, and Bureau of Land Management land, with a large portion of Department 

of Defense land in the southeast area.  Most of the land in the region is used as rangeland, with 

agriculture taking place near the Rio Grande.  Almost 3 million acres of land are held by 403 

farms and ranches.  Cattle, alfalfa, and chile are the major commodities in the region.  The 

Middle Rio Grande Conservancy District supplies water to farmers along the Rio Grande Valley 

in the northern part of the region, and Elephant Butte Irrigation District supplies farmers below 

Elephant Butte Reservoir.  The La Joya Acequia Association and  several smaller ditch 

associations are also located within the region.  

In addition to agriculture, recreation is a key component of the local economy in Sierra County.  

Elephant Butte is the largest reservoir and the largest state park in New Mexico, and the mild 

climate of the area makes this park a popular year-round destination. Elephant Butte Reservoir 

draws recreational users from New Mexico and from throughout the southwest, and many 

businesses in the communities of Elephant Butte and Truth or Consequences provide services 

to these users.  Preservation of adequate water to support the recreational industry at Elephant 

Butte is a key water planning concern for the Socorro-Sierra region. 

Legal Issues 

One of the most significant legal issues affecting the availability of water supplies in the 

Socorro-Sierra region is the Rio Grande Compact, which apportions the Rio Grande among 
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New Mexico, Texas, and Colorado.  The Compact requires delivery of a certain amount of water 

(which varies from year to year depending on annual flows) to each signatory state as the Rio 

Grande flows downstream, effectively limiting use of the Rio Grande and stream-connected 

groundwater in New Mexico.   

The Socorro-Sierra water planning region lies within the middle and lower sections of the Rio 

Grande, which are important for Compact accounting purposes.  The middle section of the Rio 

Grande begins at Cochiti Reservoir (north of this planning region) and ends at Elephant Butte 

Reservoir in Sierra County, and encompasses both the Middle Rio Grande and Socorro-Sierra 

water planning regions.  The lower section of the Rio Grande extends south of Elephant Butte 

Reservoir and is primarily in the Lower Rio Grande water planning region.  As part of the 

accounting process, the evaporation from Elephant Butte Reservoir is considered part of the 

depletions in the Middle Rio Grande.   

Compliance with the Compact has been an ongoing challenge to the State of New Mexico, and 

extended drought could make future Compact compliance difficult.  When storage in Elephant 

Butte is less than approximately 400,000 acre-feet (as is currently the case), New Mexico 

cannot increase the amount of water stored in reservoirs constructed after 1929, including El 

Vado Reservoir, which is used by the Middle Rio Grande Conservancy District.  Although the 

Compact doesn’t represent a legal issue for the region directly, it nevertheless could impact 

water availability if the State of New Mexico is unable to meet delivery obligations for several 

years.  

Another important legal issue that affects water supplies in the Socorro-Sierra region is the 

Endangered Species Act.  Almost all of the Rio Grande in Socorro County is part of the critical 

silvery minnow habitat corridor designated by the U.S. Fish and Wildlife Service (USFWS).  A 

critical habitat designation means that all federal agencies are required to consult with the 

USFWS on any project they fund, authorize, or carry out that may affect the critical habitat.  If a 

federal agency determines that the project will affect endangered or threatened species or 

designated critical habitat, the agency asks the USFWS to review its action.  Proposed projects 

on state-owned, tribal, or private lands are evaluated only if they involve a federal permit or 

license, are funded by federal money, or require some other form of federal involvement.   
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The ability to use water in New Mexico is constrained by the availability of water rights.  In the 

Socorro-Sierra region, surface water is considered to be fully appropriated (i.e., no further water 

rights are available).  The majority of water rights are used by farmers in the two irrigation 

districts in the region, the Middle Rio Grande Conservancy District and Elephant Butte Irrigation 

District.  Municipalities and other state and federal governmental entities hold state water rights 

as well.  As with all water planning in the State of New Mexico, the prior and paramount rights of 

the pueblos along the Rio Grande upstream of the region represent a significant unknown in 

determining future water supply availability.  Only a general stream adjudication will determine 

the rights of all users in the Middle Rio Grande, and this could take many years to complete.   

Because the waters of the Rio Grande are fully appropriated, increased demand by the growing 

communities north of the Socorro-Sierra planning region creates a market for transfer of 

agricultural water rights from the region.  Such transfers have already occurred and applications 

are presently pending.  Evaluation of ways to minimize these transfers is an important 

component of the Socorro-Sierra Regional Water Plan.   

Portions of eight declared groundwater basins are located within the region, with part of an 

undeclared groundwater basin occupying a small portion of the northeast corner of the region 

(Figure ES-3).  Any withdrawal of groundwater from the declared basins requires a groundwater 

permit from the Office of the State Engineer (OSE).  The most important issue in administering 

the groundwater in the Socorro-Sierra region is the impact of withdrawals on the flows in the Rio 

Grande. 

Surface Water Supply 

Surface inflow components to the Middle Rio Grande in the Socorro-Sierra planning region 

include flow from the Rio Puerco, Rio Salado, and ungaged tributaries east and west of the Rio 

Grande.  The Rio Puerco and Rio Salado are ephemeral streams that join the Rio Grande just 

south of Bernardo and just north of San Acacia, respectively (Figure ES-2).   

The surface water supply in the Rio Grande and its tributaries was modeled as part of a larger 

ongoing ISC surface water study.  Surface water flows are highly variable.  According to 
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modeling conducted by SSPA, the mean annual flow on the Rio Grande at the Socorro-Valencia 

County line is about 245,000 acre-feet per year (ac-ft/yr), after accounting for Rio Grande 

Compact delivery obligations. 

Groundwater Supply 

Significant supplies of groundwater are present in the Santa Fe Group and alluvial deposits in 

the Rio Grande Valley.  The OSE conjunctively manages these supplies; that is, it considers the 

effect of groundwater withdrawals 

on flows in the Rio Grande.  As with 

surface water, therefore, develop-

ment of these supplies in the region 

is limited by the availability of water 

rights and by the Rio Grande 

Compact. 

Because of water rights and 

Compact limitations on develop-

ment of groundwater supplies near 

the Rio Grande, and because these 

supplies were being considered as 

part of the ISC water supply study, 

the groundwater assessment work 

completed as part of the Socorro-

Sierra Regional Water Plan focused 

on groundwater resources that are 

more removed from the Rio Grande, 

including the San Agustin, Alamosa 

Creek, Jornada del Muerto, and 

Tularosa geologic basins.  While the San Agustin, Alamosa Creek, and Jornada del Muerto are 

distinct geologic basins as defined by the U.S. Geological Survey (Figure ES-4), they lie within 

the OSE-declared Rio Grande Basin (Figure ES-3).  Hence, any additional use of these supplies 
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will require an OSE permit, which would consider the impact of withdrawals on the Rio Grande.  

The findings regarding the physical 

availability of water in these basins 

are: 
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• The San Agustin Basin is a 

topographically closed basin 

located in Socorro and Catron 

Counties.  Approximately 460 

square miles of its 2,000-

square-mile area are located 

within the planning region.  

The basin contains a poten-

tially significant supply of 

potable water (about 2.8 

million to 21.9 million acre-

feet); however, the ability to 

develop and use this water is 

constrained legally by the 

need to obtain water rights to 

offset impacts to the Rio 

Grande. 

• The Alamosa Creek Basin is located in the west-central portion of the planning region.  

Approximately 300 square miles of the basin’s 400 square miles lie within Socorro 

County, and approximately 5 square miles lie in Sierra County (its remaining area is in 

Catron County).  This relatively small basin may provide a minor supplemental supply of 

potable water (about 460,000 to 3 million acre-feet), but is also subject to legal 

constraints, primarily by the need to obtain water rights to offset impacts to the Rio 

Grande. 
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• The Jornada del Muerto Basin is a north-south trending basin lying east of and parallel 

to the Rio Grande Valley in the eastern portions of Socorro and Sierra Counties.  It is 

more than 120 miles long and ranges in width from 12 to 30 miles; its area is about 

2,700 square miles.  The basin contains significant quantities of groundwater 

(approximately 11.5 million to 87 million acre-feet); however, to be suitable for most 

uses, much of the groundwater would require treatment to remove excess salts.  

Additionally, any withdrawals that would impact the Rio Grande will require the transfer 

of water rights.  

• The Tularosa Basin trends north-south and lies parallel to and east of the Jornada del 

Muerto.  The basin’s total area is 6,500 square miles; however, only two quadrants of 

the northern portion of the basin, about 950 square miles of total area, lie within the 

Socorro-Sierra planning region.  Sierra County contains approximately 500 square miles 

of the basin, and Socorro County contains about 450 square miles of the basin’s 

Chupadera Platform highlands.  The Tularosa Basin contains small amounts of fresh 

water (about 2.4 million to 12.9 million acre-feet), primarily in alluvial fans located in the 

southern part of the basin within the Socorro-Sierra planning region. 

In summary, though significant quantities of groundwater are present in the region, use of the 

water is constrained in some locations by water quality issues and, especially in areas near the 

Rio Grande, water rights.  In addition, not all of the water in storage can be economically 

withdrawn, and if withdrawal rates are too high, ground subsidence might occur. 

Water Demand 

To project expected future water demands, an estimate of future population growth in the 

planning region is needed.  Accordingly, a detailed demographic study was undertaken for the 

Socorro-Sierra planning region to help project future population trends.  Using standard 

demographic projection models calibrated against historical data, high-, middle-, and low-range 

estimates for population trends between 2000 and 2040 were developed.  These projections 

show that the human population in the planning region is expected to grow on the order of 70 

percent over the next 40 years to reach approximately 60,000 in 2040. 
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Current water demands were analyzed for the water use categories identified by the OSE.  In 

addition, because such a large proportion of the overall depletions in the planning region are 

from riparian habitat, riparian evapotranspiration was also evaluated.  The water use categories 

considered are:  

• Public supply (both municipal and rural) 

• Self-supplied domestic 

• Irrigated agriculture 

• Livestock 

• Commercial  

• Mining  

• Industrial 

• Power 

• Reservoir and open water evaporation 

• Riparian evapotranspiration 

The relative percentages of water use within the region, both with and without Elephant Butte 

and Caballo evaporation, are shown on Figure ES-5.  Because Elephant Butte and Caballo 

Reservoirs serve many users, most of whom are outside the planning region, it is useful to 

consider the demands both with and without the Sierra County reservoir evaporation. 

Over the study period (from 1975 to 2000), water uses for all of these categories were relatively 

stable except for municipal and rural public water systems, which exhibited slow growth in line 

with historical population growth.  As expected, surface water and groundwater depletion for 

irrigated agriculture varied from year to year (presumably in concert with annual precipitation 

variability), but no clear increasing or decreasing trends were apparent in water use data for this 

category.  Current demand and expected future trends in the primary water use categories in 

the region are as follows: 

• A total of 3,900 ac-ft/yr is currently used to meet municipal, commercial, and domestic 
needs, and this demand is expected to grow by 5,200 ac-ft/yr to 9,100 ac-ft/yr in 2040.   
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• Agricultural diversion demands are about 200,000 ac-ft/yr, or 78,950 ac-ft/yr 
consumptive use, 96 percent of which is derived from surface water.  Irrigated 
agriculture is projected to remain consistent with current levels over the 40-year planning 
period. 

• Livestock uses about 3,200 ac-ft/yr and is not expected to increase over the next 40 
years.   

• Reservoir evaporation varies from year to year depending on the surface area of the 
reservoirs, ranging from about 100,000 ac-ft/yr to almost 300,000 ac-ft/yr.   

• Riparian evapotranspiration is estimated to deplete about 160,000 ac-ft/yr in the 
planning region. 

Ability of Supplies to Meet Demand 

The estimated water supply available to the region and the projected demand were compared to 

assess the ability of the supply to meet demand in the future.  An overall reconciliation of supply 

and demand (called a water budget) for the Rio Grande Basin is provided in Figure ES-6.  The 

inflows and depletions shown on the figure are based on results of modeling conducted by 
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SSPA using current water supply conditions and water demand estimates developed for the 

region.  The water supply to the Rio Grande Basin is comprised of flows in the Rio Grande itself 

together with connected groundwater and tributary inflows (the inflows shown in Figure ES-6 

have been corrected to account for depletions upstream of the region and for Compact delivery 

requirements).  Demands from both human and natural (i.e., riparian evapotranspiration) 

processes deplete those supplies, and full satisfaction of all demands would result in a net 

mean modeled deficit (i.e., demand is greater than the available supply) of approximately 

77,900 acre-feet per year.  

In addition, the water budget shown in Figure ES-6 represents only the average annual budget; 

actual supply varies greatly from year to year.  For example, in drought years, demands exceed 

supplies by even greater amounts, and if upstream storage is not adequate, downstream 

delivery obligations cannot be met without more severely curtailing uses.  Results of modeling 

conducted by SSPA indicated that in a low-flow year (10th percentile year, or year with annual 

flow lower than 90 percent of all annual flows measured over the long-term), the supply falls 

short of meeting demand by 194,000 acre-feet.   

Based on the water budget developed for the Rio Grande, as well as water supply and demand 

information compiled for outlying basins, the following conclusions were reached: 

• The Rio Grande, including the aquifers that are connected to this river, is a fully 

appropriated system.  Endangered species and Rio Grande Compact obligations place 

significant constraints on the system.  Though demands in the region have mostly been 

met with available supplies on the Rio Grande, this condition will change over multi-year 

drought periods, such as the one currently ongoing, when upstream storage is 

insufficient to supply the needs of all the users on the Rio Grande. 

Natural depletions, including riparian evapotranspiration and reservoir evaporation from 

Elephant Butte Reservoir account for more than 75 percent of the total depletions in the Rio 

Grande basin portion of the Socorro-Sierra water planning region.  Much of these depletions are 

downstream of the major water users in the region, and reductions in the depletions would 

therefore not directly benefit the region.  However, the region would benefit indirectly from 
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reductions in the natural depletions, because to the extent that more water is available to 

meet Compact delivery and endangered species obligations, supplies for users within 

the region will be more secure. 

• Based on the results of the probabilistic water budget modeling, the available water 

supply is not adequate to meet all demands in dry to average years, and either reduced 

demands, storage from wetter years, improved water supply management, or 

development of new resources will be required to address the needs of the region and to 

ensure Compact compliance.   

• Groundwater resources that are connected to the Rio Grande have not been fully 

developed; that is, increased groundwater pumping from these resources is physically 

possible.  However, development of stream-connected groundwater is constrained by 

water rights:  to increase depletions of groundwater, water rights must be transferred 

from existing surface water or groundwater resources. 

• There may be some opportunity for development of groundwater resources in areas that 

are farther away from the Rio Grande.  For the San Agustin Basin, the Jornada del 

Muerto Basin, and the Tularosa Basin, groundwater recharge and storage estimates 

suggest that small quantities of water could potentially be developed without adverse 

impacts.  However, site-specific evaluations of potential impairment and connection with 

the Rio Grande would be required.  Additionally, the undeveloped nature of these basins 

and their large distance from major water users suggest that development of these 

supplies would be challenging. 

Alternatives for Meeting Future Water Demand 

The Steering Committee identified 44 alternatives that could help to close the gap between 

water supplies and projected demand in the region.  These alternatives were classified by the 

Steering Committee into seven categories: 

• Increase or preserve water supply 
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• Implement conservation plans and programs 

• Reduce urban and agricultural water demand 

• Improve water-use efficiency and management 

• Maintain or improve water quality 

• Plan for future growth 

• Implement legal, institutional, and economic improvements to water use and 

management 

Based on a thorough scoring and review process, the Steering Committee identified key 

alternatives for the region: 

• Agricultural water conservation.  Agriculture is a large use sector in the region, and 

efforts to use agricultural water efficiently are becoming increasingly important.  During 

drought periods in particular, the region can benefit by being able to more efficiently 

deliver water to crops.  The region considered alternatives related to improving 

conveyance efficiencies, improving on-farm water management, and controlling brush 

and weeds along ditches.  A comprehensive water conservation plan was developed 

and is appended to the regional water plan. 

• Reduction in riparian evapotranspiration and open water evaporation through removal of 

exotic species and improvements to the Elephant Butte delta.  Because riparian 

evapotranspiration and open water evaporation are such large components of the 

region’s water budget, significant savings can be made through these programs.  

Alternatives considered included removal of exotic vegetation throughout the region, as 

well as a specific alternative that focused on reducing evaporative losses in the Elephant 

Butte delta.  Though the savings from these alternatives will not result in new water 

rights that are available for use within the region, they indirectly benefit the region, 

because to the extent that more water is available to meet Compact delivery and 

endangered species obligations, supplies for users within the region will be more secure. 

• Encouraging retention of water rights in the region.  A key issue throughout the Socorro-

Sierra planning process has been the need to protect the local economy and values from 
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impacts that could result from transfers of large quantities of water rights out of the 

planning region.  The ability to prevent condemnation of water rights, which could also 

protect against out-of-region transfers, was also evaluated. 

Other alternatives considered in the plan include alternatives that address issues related to 

managing watersheds to increase yields, adopting and implementing local water conservation 

plans and drought contingency plans, identifying and protecting areas vulnerable to 

contamination, ensuring viable supplies for new development, and developing economic 

potential for non-native species removal.  In addition to the priority alternatives evaluated in the 

regional water plan, recommendations and implementation priorities were provided for all 44 

alternatives. 
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