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GLOSSARY 
 
 
Actual Elephant Butte Effective Supply – the recorded flow of the Rio Grande at the gaging 

station below Elephant Butte Dam, adjusted for net changes in storage in the 
Elephant Butte reservoir during the year as determined by the Rio Grande Compact 
commissioners 

 
Aquifer – a saturated zone of soil beneath the ground surface capable of yielding water to 

wells  
 
Cone of depression – area immediately surrounding a well, where the groundwater 

elevation is lowered due to effects of pumping from wells 
 
Conjunctive-use – use of a combination of water sources for water supply; i.e., use of 

surface water and groundwater  
 
Consumptive irrigation requirement – the quantity of irrigation water that is consumptively 

used by crops or is evaporated from the soil surface within a designated period of 
time.  The consumptive irrigation requirement is equal to the consumptive use 
minus the effective rainfall. 

 
Consumptive use – the amount of water lost from the hydrologic system through 

evaporation, transpiration, and the building of plant tissue in a specified period of 
time. 

 
Correlation analysis – involves the determination of the relationship between different 

processes.  (For example, the likelihood that the flow of the Jemez River will be 
high if the Otowi native flow is high in a particular year.) 

 
Credits and debits – the excess, or shortage, of surface water actually delivered, compared 

to the obligation, according to the Rio Grande Compact 
 
Credit/debit balance – the end-of-the-year balance of credits and debits accrued under the 

Rio Grande Compact 
 
Depletion – losses from the water supply for agricultural, domestic, riparian use or 

evaporation from open water surfaces 
 
Depletion graphs – graphs showing the net depletion through a defined river reach; these 

graphs illustrate where net gains and losses are occurring  
 
Deterministic – exhibiting behavior that can be described according to the laws of physics 
 
Descriptive statistics – involves describing the nature of, and variability in, a population or 

set of events.  (For example, the average, maximum, and minimum payout of a slot 
machine and how often it pays out.) 
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Double-mass curves – graphs depicting / comparing upstream and downstream cumulative 

flows within a defined reach of river versus time 
 
Effective rainfall – rainwater available for use by plants; the portion of the rainfall event 

that does not flow overland into an arroyo or stream, infiltrate to the water table 
and contribute to aquifer recharge, or become lost to immediate evaporation from 
soils. 

 
Elephant Butte Effective Index Supply – (also called Elephant Butte Scheduled Delivery) 

the delivery obligation at Elephant Butte, according to the resolution adopted by the 
Rio Grande Compact Commission, February 1948.  The value of this delivery 
obligation is determined based on inflow conditions at the Otowi Gage. 

 
Elephant Butte Scheduled Delivery – the delivery obligation at Elephant Butte for a given 

annual Otowi Index Supply, as interpolated from the schedule provided in the 
resolution adopted by the Rio Grande Compact Commission, February 1948.  The 
value of this delivery obligation is determined based on inflow conditions at the 
Otowi Gage. 

 
Ephemeral tributaries – rivers or streams that only flow during certain times of the year or 

under certain hydrologic conditions. 
 
Evapotranspiration (ET) – the combined processes of simple evaporation and plant 

transpiration through which liquid water is converted to water vapor and lost to the 
atmosphere 

 
Evapotranspiration rate – the rate at which evapotranspiration occurs.  In this study, 

measured in acre-feet per acre per year  
 
Farm delivery – The amount of water delivered to a farm for irrigation of crops (including 

incidental on-farm losses and return flow). 
 
[Water] Gains – increases in the water supply within a system or reach of a river.  For 

example, gains to streamflow may occur due to precipitation, snowmelt, 
wastewater discharge, or agricultural return flow. 

 
Metadata – Data about data.  Metadata may include site identification information, spatial 

organization and reference, data quality, temporal data, entity and attribute 
information, distribution, and reference information. 

 
Monte Carlo Analysis – The Monte Carlo method encompasses any technique of statistical 

sampling employed to approximate solutions to quantitative problems.  In the 
context of the work presented in this document, Monte Carlo Analysis is used to 
characterize the water budget.  Inflow and depletion terms are described with 
probability distributions that characterize the historic variability for each term.  
Then, the water budget is evaluated using a Monte Carlo analysis; a random 
number is generated for each probabilistic term, and used to select a value for that 
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term from the term’s probability distribution.  This is repeated 10,000 times to 
provide a distribution of outcomes.   

 
Native water – Surface water from the Rio Grande and Chama River originating in 

Colorado and Northern New Mexico  
 
Net Supply – Monthly diversions to irrigation canals reported by the irrigation district to 

the USBR 
 
Otowi Index Supply – the recorded flow of the Rio Grande at Otowi Bridge, adjusted for 

storage in reservoirs constructed after 1929 and for trans-mountain diversions, in 
accordance with procedure approved by the Rio Grande Compact Commission. 

 
Perennial tributaries – rivers or streams that flow continuously throughout the year. 
 
Probabilistic – (also called stochastic) exhibiting uncertainty that can be described using 

the laws of chance 
 
Probability distribution fitting – the process of finding a curve or mathematical formula to 

describe a set of measured data 
 
Quaternary alluvium – Generally unconsolidated geologic materials deposited by rivers 

during the Quaternary period of geologic time (within the past two million years). 
 
Return flows – Water returning to the river or groundwater after diversion, including tail 

water from farms, drainflow or applied irrigation water seeping past the root zone. 
 
Rio Grande Compact –1939 agreement between Colorado, New Mexico and Texas 

governing the delivery obligations of Colorado to New Mexico and New Mexico to 
Texas for waters of the Rio Grande basin. 

 
Risk analysis – (also called uncertainty analysis) method for considering the combined 

effects of multiple probabilistic (uncertain) processes, and/or characterizing the 
range of possible outcomes 

 
Salvaged evapotranspiration – a decrease in the evapotranspiration rate due to such factors 

as a decrease in availability of shallow groundwater to plants 
 
San Juan-Chama Project water – Surface water from the Colorado River system delivered 

through the San Juan-Chama Project to the Rio Chama and thence to the Rio 
Grande 

 
Santa Fe Group aquifer system – a deep complex of unconsolidated alluvial sediments 

along the Rio Grande that form an aquifer that is hydraulically connected with the 
Rio Grande. 

 
[Water] Source – a resource for either surface or groundwater 
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Spill year – A year during which there is flow over the spillway at the Elephant Butte 

Reservoir (hypothetical spills may occur without an actual spill, given certain 
conditions, and are treated similarly under the Compact) 

 
Static value – a term defined as a constant within the probabilistic water-budget model 
 
Steady-state conditions – a system at equilibrium; conditions at which the system has 

stabilized 
 
Storage – the amount of water existing in the interstices of a geologic medium as part of a 

groundwater system 
 
Stream-connected aquifer – an aquifer with hydraulic connection with a surface water 

system.  In a stream-connected aquifer, the pumping of groundwater will eventually 
reduce stream flow within the same basin 

 
Trans-mountain diversions – Water diverted from drainage systems other than the Rio 

Grande, for use in the Rio Grande system (i.e., San Juan-Chama Project water) 
 
USGS gaging stations – locations where the U. S. Geological Survey has installed 

equipment for monitoring of river level and flow rate 
 
Waste – A term used in USBR monthly water distribution data sheets for water returned to 

the river through wasteways and drains 
 
Water budget – A summary that shows the balance in a hydrologic system between water 

supplies to the system (inflow) and water losses from the system (outflow)   
 
Water supply – the amount of water potentially available for use within a study area; this 

must account for both the hydrologic supply and the legal limitations imposed by 
water allocation agreements such as the Rio Grande Compact 
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ACRONYMS 

 
AMAFCA – Albuquerque Metropolitan Arroyo Flood Control Authority  

COE – U.S. Army Corps of Engineers 

DEM – Digital Elevation Models 

DRG – Digital Raster Graphics  

EDAC – Earth Data Analysis Center 

EPA – U.S. Environmental Protection Agency 

ESC – Executive Steering Committee 

FGDC – Federal Geographic Data Committee 

GIS – Geographic Information Systems 

HRAP – National Weather Service Hydrologic Rainfall Analysis Project 

ISC – New Mexico Interstate Stream Commission 

LUTA – Land Use Trend Analysis 

MRGCD – Middle Rio Grande Conservancy District 

MRGPR – Middle Rio Grande Planning Region 

MRGWSS– Middle Rio Grande Water Supply Study 

NEXRAD – NEXt Generation Weather RADar System.  A network of approximately 160 
radar systems throughout the United States and at several overseas locations, which 
provide precipitation information.  The system was installed by the National Weather 
Service, in conjunction with other agencies. 
NPDES – National Pollution Discharge Elimination System 

OSE – New Mexico Office of the State Engineer 

PDSI – Palmer Drought Severity Index 

SSPA – S. S. Papadopulos & Associates, Inc. 

SSPR – Socorro-Sierra Planning Region 

USBR – U. S. Bureau of Reclamation 

USGS – U. S. Geological Survey 

URGWOM – Upper Rio Grande Water Operations Model 
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1.0 INTRODUCTION 

1.1 Study History and Objectives 

The Middle Rio Grande Water Supply Study was conducted by S.S. Papadopulos 

& Associates, Inc. (SSPA) to develop a quantitative and probabilistic description of the 

conjunctive-use groundwater and surface water supply available to the Middle Rio Grande 

region, under the constraints of the Rio Grande Compact.  This study was initiated under 

U.S. Army Corps of Engineers (COE) Contract DACW47-99-C-0012 in 1999 and was 

jointly funded by the COE and the New Mexico Interstate Stream Commission (ISC).   

This study has assembled and evaluated water supply information and describes conditions 

relevant to maintaining compliance with the Rio Grande Compact.   

This study has been conducted through three phases:  

Phase 1:  Development of a Work Plan, reflecting input from the contracting 
agencies and an Executive Steering Committee  (SSPA, September 1999) 

Phase 2:  Implementation of the Phase 1 Work Plan, with a report presenting the 
quantitative, probabilistic assessment of water supply from Cochiti to Elephant 
Butte (SSPA, 2000). 

Phase 3:  Further refinement of the water budget and water supply quantification; 
additional technical analyses; and, support to regional planning groups.  

Phase 2 of this study culminated in a report entitled Middle Rio Grande Water 

Supply Study (SSPA, 2000).  In addition to the report, key products of Phase 2 included: 

• A summary of available data in the Middle Rio Grande Basin; 

• A bibliography of water-resource reference material; 

• A discussion of previous water budget and depletion studies; 

• Quantification of the impacts on flow of the Rio Grande from groundwater 
pumping; 

• Quantification of the natural variability of water sources for the Middle Rio 
Grande region; 

• A risk analysis evaluation of the water supply, identifying the range of 
expected water supply conditions; 

• Evaluation of the probability of achieving compliance under the Rio Grande 
Compact, given present and projected water demands; and,  
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• Evaluation of the probability of achieving compliance under the Rio Grande 
Compact, given a hypothetical alternative demand scenario. 

Following the completion of Phase 2 of this study, additional funding became 

available to continue the work into a third phase.   A plan of work was developed for Phase 

3, which included data updates, additional technical analyses and some technical support to 

regional planning entities within the project study area.   The goals of this third phase 

include: 

• Updating and refining hydrologic functions in the probabilistic model to 
reflect new information; 

• Refining climate-based dependencies for key water budget terms, including 
the development of climate dependency functions that were beyond the 
scope of work for Phase 2 analysis; 

• Extending hydrologic functions to represent drought conditions; 

• Reviewing long-term climate trends, using proxy-based reconstructions (i.e. 
tree rings) and ENSO (El Nino – Southern Oscillation) based projections for 
future changes, to characterize the range of conditions that might occur in 
the future, and how the period of record chosen for the study reflects that 
range of conditions; 

• Providing technical assistance to the Middle Rio Grande and Socorro-Sierra 
regional water planning groups in assessing the hydrologic impacts of 
chosen water planning alternatives on regional water use and on Compact 
deliveries. 

This report describes the activities conducted in Phase 3, describes the updated 

probabilistic water budget and describes the evaluation of regional water planning 

alternatives.   

1.2 Study Area 

The study area for this project extends along the Rio Grande, north to south, from 

Cochiti Reservoir to Elephant Butte Reservoir, a distance of approximately 175 miles 

(Figure 1.1).  This area, often termed the Middle Rio Grande region, is of greater extent 

than the Middle Rio Grande Planning Region (MRGPR) that extends through a portion of 

the study area.   Upstream and downstream river gages that play a key role in identifying 

the water supply to the study area are the Rio Grande at Otowi Bridge gage, upstream of 

Cochiti Reservoir, and the Rio Grande below Elephant Butte gage, downstream of 

Elephant Butte Reservoir.  Water use within this reach is subject to limits set forth under 
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the Rio Grande Compact, based on flow at the two above-mentioned gages.  The study 

area includes groundwater within the Quaternary alluvium and the Santa Fe Group aquifer 

system.   

The study area for this project was originally selected to support analysis of supply 

and demand by multiple entities in the Rio Grande Basin in the context of the Rio Grande 

Compact.  While the study was envisioned to provide information and support to the 

planning regions within this area, the study area was not identified by the contracting 

agencies as being fully coincident with planning regions.   The study area includes part of 

the Sangre y Jemez Regional Planning Region (SJPR), all of the Middle Rio Grande 

Planning Region (MRGPR) and a large area within the Socorro-Sierra Planning Region 

(SSPR) (see Figure ES-5).  The SSPR is not fully encompassed within the study area.  The 

SSPR also includes areas of Sierra County south of Elephant Butte Dam, for example, a 

portion of the Rincon Valley, and areas in Socorro and Sierra counties that lie to the west 

of the Albuquerque and Socorro basins, for example, the La Jencia Basin.  

1.3 Study Approach 

The water supply to the Middle Rio Grande region includes: 

• Surface water from the Rio Grande and Rio Chama originating in Colorado 
and Northern New Mexico (native flow); 

• Surface water from the Colorado River system delivered through the San 
Juan-Chama Project (San Juan-Chama Project water, or trans-mountain 
diversions); 

• Tributary surface water, flowing to the Rio Grande from perennial and 
ephemeral tributaries between the Otowi gage and Elephant Butte Dam; 
and, 

• Groundwater of the Albuquerque Basin, the Socorro Basin and other 
stream-connected aquifers in communication with the Rio Grande.  

This regional water supply, with the provisions of the 1938 Rio Grande Compact, is 

characterized by variability and limitation. 

Variability is exhibited in the historic record of inflow components to the Middle 

Rio Grande region, including the mainstem inflow at the Otowi gage and tributary inflows.  

Figure 1.2 illustrates this variability with a graph showing the magnitude of the mainstem 
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inflow at the Otowi gage from 1940 to 2002.  Characterized with a mean value of 

approximately 1 million acre-feet per year over this period of 63 years, the annual supply 

varies considerably, with values throughout the range of 0.5 to 1.5 million acre-feet per 

year not uncommon. 

Limitation on the useable supply for the Middle Rio Grande region is derived from 

physical and institutional bases.  Figure 1.3 illustrates the portion of the Otowi inflow 

historically available for use in the Middle Rio Grande region.  This graph shows the 

allocation of the gaged flow at Otowi (including trans-mountain diversion water) into the 

quantity available for use in the Middle Rio Grande region, and the quantity required to be 

delivered for use below Elephant Butte Reservoir.  The portion of the Otowi inflow 

available to the Middle Rio Grande region is augmented by tributary inflow and 

groundwater.  While these sources offer significant potential to increase or manage the 

supply, neither fully removes the effect of limitations on supply imposed by physical 

conditions and institutional constraints. 

Quantification of variability in water supply components and recognition of 

Compact-based limitations are fundamental for the quantification of the water supply.  

Therefore, this study focuses on characterizing the variability in inflow supply components 

and in depletion components.  This variability is tracked through the water budget for the 

study region to quantify the range of likely water supply conditions.  The quantified water 

supply is the amount of water potentially available for use, or depletion, within the study 

area.  This concept reflects both hydrologic limitations and legal limitations of the Rio 

Grande Compact.  

The Middle Rio Grande water supply is quantified in this study using the historical 

variability of climate-dependent inflow components.  To relate this supply to reach-specific 

demands, the available supply is compared to depletions under present river conditions, 

and under proposed regional water planning alternatives. The identification of depletions 

draws from past and in-progress water budget and depletion studies by other investigators.  

The probabilistic quantification of the water supply employs risk analysis tools.  Using risk 

analysis tools, variability and correlations within the river system are used to determine the 

range of water supply conditions, including droughts and high supply years. 
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1.4 Executive Steering Committee Role 

An Executive Steering Committee (ESC) was commissioned to provide technical 

advice and guidance regarding preparation of the Middle Rio Grande Water Supply Study.  

A Charter, signed by the New Mexico Interstate Stream Engineer and the District Engineer 

for the Albuquerque District, U.S. Army Corps of Engineers, sets forth the background, 

purpose, duties, chain of command, meetings and schedule and membership of the ESC.  

Accordingly, the ESC convened periodically with the study team.  Phase 3 meetings 

included a kick-off informational meeting and Work Plan presentation in September 2001, 

progress meetings in September 2002 and October 2003, and a public meeting in the fall of 

2004.  The ESC included technical representatives from a diverse group of stakeholders 

and agencies within the Middle Rio Grande region.  Agencies and groups invited to 

participate on the ESC are listed in Table 1.1.  Several of the Committee members 

provided insights throughout the study, and their assistance is gratefully acknowledged. 

1.5 Report Organization 

The main body of this report describes the procedures, results and work products of 

the study.  Section 1 provides an introduction to the study and the report.  Section 2 

provides background information on topics of key importance to the study.  Section 3 

describes the available data and resources.  Section 4 describes the conjunctive-use water 

supply to the Middle Rio Grande region in probabilistic terms.  Section 5 describes 

regional planning support work done as part of the study.  Section 6 describes the 

conjunctive-use water supply to the Middle Rio Grande region during long-term drought.  

Section 7 discusses implications of the study for future work and planning in the Middle 

Rio Grande region.  The report also includes a glossary and a list of acronyms. 

To maintain readability of the report, detailed technical material and supporting 

data are organized within several appendices.  These appendices include the metadata 

database, summaries of key data sets, groundwater modeling details, statistical and risk 

analyses, and additional work products produced as part of the regional planning support 

work. 

The project report is available for download from the website of the Office of the 

State Engineer at www.ose.state.nm.us.   The project website also contains other project 
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related material, including an illustrated summary of water budget data, metadata, 

bibliographic material and the project basemap. 
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2.0 BACKGROUND 

Background information is provided in this section on six topics important to this 

study.  The first of these topics, regional water planning, describes the basic goals of the 

New Mexico’s water planning process and the role SSPA played in assessing selected 

planning alternatives developed by the MRGPR and the SSPR.  The second topic, the Rio 

Grande Compact, describes the interstate agreement underlying the delivery obligations 

downstream of the Study Area.  The third, fourth and fifth topics, groundwater-stream 

interaction, water budgets, and concepts of probability and risk analysis, describe technical 

concepts and analyses that are fundamental to the study approach.  The sixth topic, climate 

variability in the period of record, outlines how the climate since 1950 relates to the 

climate of the past 1,000 years, as recorded in tree-rings, in particular focusing on whether 

recent climate is representative of past climates.   

The background discussion in this section is provided as a primer for readers less 

familiar with these concepts.  In addition, the reader will find additional background 

resources in the annotated bibliography and list of web resources prepared for this study, 

available for download from the website of the Office of the State Engineer at 

www.ose.state.nm.us. 

2.1 Regional Water Planning 

In 1987, New Mexico's legislature enacted legislation to support regional water 

planning, "Authorizing the Interstate Stream Commission to fund Regional Water Planning 

Efforts."  Regional water planning is being implemented to protect the water resources of 

the State with the goal of allowing stakeholders within a region to help determine the 

direction of water use within the region and between regions of the state.   Planning 

regions are self-defined based on hydrological and political common interests. 

The New Mexico legislature recognized and directed that water planning is most 

effectively done at the local level.  However, since the state may decide to use the regional 

water plans as a basis for a state water plan, which can in turn influence litigation, water 

development, and legislation, consistency among plans was desired.   The New Mexico 

Interstate Stream Commission published the Regional Water Planning Handbook 

(Handbook) in 1994 to guide the regional planning process (New Mexico Interstate Stream 
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Commission, 1994).  The Handbook sets forth several required planning assumptions to be 

followed unless exceptions are adequately justified: 

1. Public participation must be a significant factor in development of regional 
plans.  

2. Plans are to be based upon existing water and related law, while suggestions 
for change may be noted.  

3. All present and future water demands must be met with currently existing 
supplies of the region, unless exceptions are supported by analysis in the 
planning report. 

4. Water conservation should be the first item considered among feasible 
water supply alternatives.  

5. Population projections shall be based on the Bureau of Business and 
Economic Research model, with any deviations from that model justified.  

As part of Phase 3 of the Middle Rio Grande Water Supply Study, SSPA was 

tasked with providing specific technical assistance to the MRGPR and the SSPR.  This 

assistance was to help the groups “develop the requisite understanding of the hydrology 

and water resources of their respective regions necessary for the independent development 

of various water supply alternatives, and to evaluate the alternatives to ensure that they 

comply with the Compact” (MRGWSS Phase 3 Scope of Work).  The SSPA Scope of 

Work excludes involvement in developing alternatives, as this is the function of the 

planning regions.  Similarly, integration of technical evaluations into regional plans is the 

responsibility of the planning regions, as regional planning involves more factors than 

technical analysis.  SSPA’s role was limited to providing background information 

regarding supply, providing an assessment of the hydrologic impacts of the proposed 

alternatives, and evaluating each region’s chosen water planning alternatives using the 

analysis tools described in this report.  Results of this work are presented in Chapter 5. 

2.2 Rio Grande Compact 

In 1923, the legislatures of Colorado, New Mexico, and Texas, driven by the need 

to formalize allocation of the Rio Grande between their respective states, enacted statues 

appointing representatives to an interstate water commission.  In response to the states’ 

actions, in 1923 the U.S. Congress consented to the formation of such a commission, 

opening the door for negotiation of the Rio Grande Compact.  The 1938 Rio Grande 
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Compact was ratified by all three states and passed by the 76th Congress as Public Act No. 

96 in 1939.  The opening paragraph of the Compact summarizes its purpose and intentions: 

The State of Colorado, the State of New Mexico, and the State of Texas, desiring to 
remove all causes of present and future controversy among these States and 
between citizens of one of these States and citizens of another State with respect to 
the use of the waters of the Rio Grande above Fort Quitman, Texas, and being 
moved by considerations of interstate comity, and for the purpose of effecting an 
equitable apportionment of such waters, have resolved to conclude a Compact for 
the attainment of these purposes….  (Rio Grande Compact, McClure et al., 1939) 

Among the Compact articles are specific delivery schedules, based on gaged stream 

flows and adjustments for storage of water in reservoirs.  The delivery obligation of New 

Mexico is identified in Article IV.  In this article, New Mexico’s annual delivery 

obligation was scheduled based on flow conditions at Otowi, exclusive of the months of 

July, August and September.  The original scheduled point of delivery was San Marcial, 

New Mexico, located upstream of the Elephant Butte Reservoir.  (It should be noted that 

the Compact delivery point does not occur at the New Mexico – Texas stateline.  

Deliveries to “Texas” also serve New Mexico and Mexico users in the Lower Rio Grande 

basin of New Mexico).  

The Compact schedule for New Mexico’s delivery obligation was modified by a 

resolution of the Compact Commission in 1948 to incorporate the entire year and to 

change the location of the downstream index station.  A revised delivery schedule was 

adopted, specifying the delivery obligation at Elephant Butte, based on conditions at 

Otowi.  The delivery obligation at Elephant Butte is termed the Elephant Butte Scheduled 

Delivery (also sometimes termed Elephant Butte Effective Index Supply).  The obligation is 

based on the annual value of the Otowi Index Supply (also sometimes termed native 

inflow).  The Otowi Index Supply is defined as, “the recorded flow of the Rio Grande at 

the USGS gaging station at Otowi Bridge… corrected for the operation of reservoirs 

constructed after 1929 in the drainage basin of the Rio Grande between Lobatos and Otowi 

Bridge.”  The resolution also indicates that the schedule is subject to adjustments for future 

changes in location of gaging stations, post-1929 depletions of the run-off above Otowi 

Bridge, and trans-mountain diversions.  The difference between the Otowi Index Supply 

and the Elephant Butte Scheduled Delivery, plus surface or groundwater inflow between 

Otowi and Elephant Butte and San Juan-Chama trans-mountain diversion water, is the 
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amount of surface water available for depletion in the Middle Rio Grande region.  The 

relationship between Otowi Index Supply and Elephant Butte Scheduled Delivery is shown 

graphically in Figure 2.1.  The percentage of the Otowi Index Supply that must be 

delivered at Elephant Butte increases with increasing water supply, ranging from 57% for a 

very low supply to over 86% for a very high supply year.  The difference in Otowi Index 

Supply and Elephant Butte Scheduled Delivery reaches a maximum value of 405,000 acre-

feet per year when the Otowi Index Supply exceeds 1.5 million acre-feet per year.  In 

practical terms, the allocation of Otowi inflow to the Middle Rio Grande region is about 

400,000 acre-feet in years with average or above-average supply, and less in years of 

below-average supply. 

Other terms used to describe New Mexico’s compliance with the Rio Grande 

Compact include: the Actual Elephant Butte Effective Supply, the recorded flow of the Rio 

Grande at the gaging station below Elephant Butte Dam, adjusted for net changes in 

reservoir storage in Elephant Butte Reservoir during the year; and the Credit/Debit 

Balance, the end of the year balance of credits and debits.   

Water delivered to Elephant Butte reservoir to satisfy the Elephant Butte Scheduled 

Delivery becomes Usable Water, “all water, exclusive of credit water, which is in project 

storage and which is available for release in accordance with irrigation demands, including 

deliveries to Mexico” (Rio Grande Compact, 1939).  Water in excess of this amount 

becomes credit water; if insufficient water is delivered to meet the Elephant Butte 

Scheduled Delivery, the shortfall is termed debit water.  The Compact sets forth specific 

rules regarding the accumulation of credits and debits.  No annual credits or debits are 

computed for years when an actual spill occurs from Elephant Butte Reservoir.  During a 

spill year, accrued credit water spills first; accrued debits are set to zero when Usable 

Water spills.  

As long as New Mexico meets the Elephant Butte Scheduled Delivery and does not 

have an accrued debit, the state is free to store available water in any upstream reservoir, 

unless there is less than 400,000 acre feet of Usable Water stored in Elephant Butte and 

Caballo Reservoirs. If there is less than 400,000 acre feet of Usable Water stored in 

Elephant Butte and Caballo Reservoirs, Colorado and New Mexico are prohibited from 

storing water in reservoirs constructed after 1929 (Article VII, Rio Grande Compact, 
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1939).  This provision limits the Middle Valley’s ability to store water during extended 

droughts. 

Compliance with the Rio Grande Compact is mandated by both state and federal 

law.  The Compact takes precedence over any conflicting state water law.  Thus, the 

Compact has a definitive role in quantification of the regional water supply. 

2.3 Concepts of Aquifer-Stream Interaction 

In the Rio Grande Basin, groundwater is present at varying depths beneath the 

ground surface.  The availability and suitability of groundwater in various locations 

depends on a number of factors, including the depth to groundwater, the quality of the 

groundwater, and the ease with which the aquifer yields groundwater to wells.  These 

factors vary according to geologic conditions, land use, and intensity of groundwater 

withdrawals in an area.  While the availability and suitability of groundwater is variable, 

all of the groundwater in the Quaternary alluvium and Santa Fe Formation (virtually all of 

the groundwater presently available to the Middle Rio Grande region) is considered to be 

stream-connected.   

Conceptually, a stream-connected aquifer can be illustrated with a simple model of 

a bathtub filled with layers of gravel, sand, silt and clay, with a stream running across the 

surface from one end to the other.  Consider the effect of removing water through a straw 

(a well) from the wetted gravel-sand-silt-clay (the aquifer) in the bathtub.  The water level 

within the sands (and other sediments) of the tub, close to the straw, will be slightly 

lowered, and flow will be induced from the stream towards the straw.  Likewise, the flow 

in the stream will be reduced and less water will flow out from the stream at the end of the 

tub.  Similarly, in a stream-connected aquifer, pumping from wells in the aquifer will 

affect the flow of streams.  Depending on the distance from the well to the stream, the 

depth of the screened interval, the geologic materials, and other factors, the effects of 

pumping on the stream may be immediate or may be delayed.  For example, pumping 

effects from a distant or deeper well will tend to be delayed, compared with pumping 

effects from a well closer to the river.  Similarly, a well completed in sands and gravels 

will develop communication with the river more rapidly than wells completed in or 

beneath less permeable sediments, such as silt or clay.  Regardless of the timing of 
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impacts, eventually, the effects of pumping a stream-connected aquifer will be transmitted 

to the stream or river.   

The impact on the river from pumping a stream-connected well increases with time 

until it reaches steady-state conditions and stabilizes.  The steady-state reduction in stream 

flow may be less than 100% of the pumping rate if other sources or uses of water are 

intercepted.  For example, pumping may result in decreased availability of shallow 

groundwater to plants, and a portion of the source may be attributed to salvaged 

evapotranspiration. 

Before steady-state conditions are achieved, groundwater is partially obtained from 

storage.  In other words, the amount of groundwater stored within pore spaces around the 

sand, gravel, or other aquifer materials, is reduced.  As a result of the removal of 

groundwater from storage, the groundwater level is lowered, resulting in a cone of 

depression around the well or well field.  While many consider the portion of pumped 

groundwater that is derived from storage to represent a source of water supply, separate 

from the stream supply, this characterization does not hold in a stream-connected aquifer 

unless pumping continues indefinitely.  Once pumping ceases, the stream flow will 

continue to be impacted until the storage space is refilled.  Thus, the original water 

obtained from storage is “borrowed”, to be repaid after pumping ceases. 

The aquifers of the Middle Rio Grande region are stream connected.  However, in 

the Albuquerque area, groundwater elevations have declined due to pumping and are 

presently below the elevation of the stream.  Locally, the river and aquifer have become 

disconnected.  This local disconnection results in additional delay in the time for pumping 

effects to be felt by the river.  While local disconnection is an additional factor affecting 

the timing of pumping impacts on a stream, the characterization of aquifers in the Middle 

Rio Grande region as stream-connected remains functionally correct. 

Because aquifers in the Middle Rio Grande region are stream-connected, the 

pumping of groundwater affects the Compact-limited water supply available to the region.  

In the long term, the groundwater resource functions as a regulating reservoir to the region, 

rather than as a separate source of water.   
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2.4 Water Budgets 

The water budget describes the fundamental state of affairs for a hydrologic 

system.  The water budget can be likened to a financial statement – quantification of 

inflows, outflows and changes in storage are analogous to income, expenses and changes 

in savings or mortgage balances.  Quantification of the water budget is one of the primary 

activities conducted by hydrologists, resulting in a framework for evaluating water 

supplies and water use.  Due to the value and limits of the water resource in the Middle Rio 

Grande region, the water budget has been studied and described by many investigators.  

Many of these studies have shed light on hydrologic processes, and have formed the basis 

for subsequent water resource policy. 

The results of water budget studies from different investigations sometimes appear 

inconsistent.  However, in many cases, water budgets address differently defined systems, 

different time periods, or have specific applications; hence, they are not amenable to direct 

comparisons with other water budgets.  Regardless, the simplicity of the water budget 

invites comparison, and misunderstanding is not uncommon.  In Phase 2 of this study, a 

review of several of the water budget evaluations found in the literature relating to the 

Middle Rio Grande region was undertaken.  The water budgets were compared with 

respect to the study objective, spatial and time domains, physical domain and study 

approach.  Profiles of each water budget study were provided in Appendix E of the Phase 2 

report (SSPA, 2000) and provide a useful reference on this topic.   

Through quantification of regional water inflows and demands, the regional water 

budget provides a foundation for regional water planning.  This study presents a basin-

wide water budget for the Middle Rio Grande region, delineated as described in Section 

1.2.  Elements of this basin-wide water budget can be applied by regional planners to their 

planning region, with some adjustments for non-coincident boundaries.   

Water budgets are analytical tools that utilize estimates for many water budget 

terms.  For this study, SSPA was directed to use best-available data in deriving a water 

budget.  Original scientific study to quantify water budget terms was not within the scope 

of this study.  Because available scientific data regarding water budget terms is evolving 

with time, the water budget likewise evolves.   The water budget developed in Phase 2 
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(SSPA, 2000) has been supplanted with an updated water budget as described in this 

report, or, the Phase 3 water budget.   Several important water budget terms have been 

revised based on updated data and evaluations provided by the U.S. Bureau of Reclamation 

(USBR), the U.S. Geological Survey (USGS), the New Mexico Office of the State 

Engineer (NMOSE), and the NMISC in the three years since work in the earlier phase was 

conducted.  Significant uncertainty remains in the estimation of several large water budget 

elements.  As scientific studies continue to refine the quantification of terms such as crop 

and riparian consumptive use and ungaged tributary inflows, the water budget will be 

subject to further refinement.  

2.5 Concepts of Probability and Risk Analysis 

Hydrology, the science of the occurrence and distribution of water in time and 

space, involves the description of water inflows to, outflows from, and changes in storage 

within defined hydrologic systems.  These hydrologic processes can be described using 

laws of physics, although fluctuations in some of these processes are best described using 

laws of chance.  If causative factors for a hydrologic process are well understood and 

amenable to characterization, then that hydrologic process can be described 

deterministically.  On the other hand, if causative factors are not known, are too great in 

number, or are too difficult to characterize, a stochastic, or probabilistic, description can 

be useful in characterizing the process.  Many hydrologic processes exhibit probabilistic 

behavior. 

The native inflow at Otowi is an example of a hydrologic input that can be 

described probabilistically.  Although influenced by climate (i.e., snowpack, precipitation, 

temperature, etc.), the causative factors leading to a high- or low-flow year are themselves 

difficult to predict.  The science of probability offers tools for describing processes 

seemingly governed by laws of chance.  Probabilistic approaches are used in this study to 

better characterize hydrologic processes influenced by climatic-induced variability. 

The probabilistic tools used in this study include descriptive statistics, probability 

distribution fitting, correlation analysis and risk analysis.  These are very briefly described 

below.  The application of these methods in this study are described more fully in Sections 

4 and 5 and in their associated appendices. 
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Descriptive statistics involve describing the nature of, and variability in, a 

population or set of events.  These statistics address questions such as, what is the average, 

maximum, or minimum payout of a slot machine, and how often does it pay. 

Probability distribution fitting involves finding a curve or mathematical formula to 

describe the likelihood of experiencing a particular set of outcomes.  For example, casinos 

set slot machines to operate according to a probability distribution that will achieve the 

desired result: a few big wins are needed to attract customers; a larger number of small 

wins are needed to satisfy players; but, on average, the casino must make a profit to stay in 

business.  A probability distribution, as seen in Figure 2.2, can be graphed as a histogram 

(bar graph showing how often the outcome will fall into a specific range) or a function (a 

curve related to the probability of various outcomes). 

Correlation analysis involves quantifying the similarity between different 

processes, allowing us to numerically answer questions such as “If the Otowi native flow is 

high in a particular year, how likely is it that the flow of the Jemez River will be high?”  

The numerical correlation between two data sets, such as the Otowi Index Supply and the 

Jemez River flow for 1950-2002, is quantified by the correlation coefficient (r), more 

generally referred to as an “r-value”, and expressed as r=0.86.  This implies that 86% of 

the variability in the Jemez River flow 1950-2002 time-series graph is also seen in the 

Otowi Index Supply graph for the same period. 

Risk analysis, sometimes called uncertainty analysis, is a method for considering 

the combined effects of multiple probabilistic, or uncertain, processes.   Risk analysis is the 

first step towards managing risk.  From a protective point of view, it seeks to answer the 

question, what is the probability of a disastrous combination of events occurring?  Risk 

analysis is a common tool in many industries, including finance, insurance and health care.  

Applied to water supply evaluation, risk analysis involves combining the probability 

distributions of each hydrologic process to find a probability distribution describing the 

overall water supply.  Taking the analysis a step further, and combining the supply with 

assumed depletions, this process can be used to develop a probability distribution of 

achieving Compact credit or debit under certain conditions. 
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2.6 Climate Variability in the Period of Record 

The water budget analysis presented in this report is based on the 1950-2002 

period.  This period was chosen because it is representative of present-day development 

conditions and is relatively well documented in terms of stream flow data, crop and 

riparian acreage values, reservoir storage and evaporation data.  However, this leaves the 

questions, “Is this period representative of long-term average conditions, does it contain 

extremes we should know about, either droughts or wet periods, and do we believe it will 

be indicative of future conditions?”  Two tools are applied to address these questions:  tree 

ring records and climate forcing.   

2.6.1 Tree Ring Reconstructions of Past Climate 

Though measured stream flows in the Middle Rio Grande valley extend back no 

further than the late 1800s, tree-ring records can be used as a proxy for hydrologic and/or 

climatic conditions over the past 2000 years, allowing us to view the 1950-2002 period of 

record within the context of the historic regional climate.  Two recent tree-ring climate 

reconstructions are available for the Middle valley, the El Malpais precipitation 

reconstruction (Grissino-Mayer, 1996), and the Middle Rio Grande Basin Palmer Drought 

Severity Index (MRG PDSI) reconstruction (Grissino-Mayer et al., 2002).  The El Malpais 

precipitation reconstruction is based on Douglas fir and ponderosa pine found in the El 

Malpais National Monument near Grants, New Mexico (Figure 2.3), and covers 2,129 

years from 136 B.C. to 1992 A.D.  The MRG PDSI reconstruction is based on 3 tree-ring 

records: the El Malpais record, a record from the Magdalena Mountains west of Socorro, 

and a record from the Sandia Mountains east of Albuquerque.  Conjunctively using records 

from all three sites, Grissino-Mayer et al. (2002) reconstructed the PDSI for New Mexico 

Climate Division 5, the Middle Rio Grande Basin, for a period of 1,371 years from 622-

1992 A.D.  For both of these tree ring reconstructions, the author(s) has provided extensive 

analysis and ranking of drought and wet periods. 

The analysis presented with the El Malpais reconstruction, though focused 

primarily on long-term (>100 year) trends, touches on decadal events.  Grissino-Mayer 

(1996) notes “A long-term, above normal rainfall pattern began ca. AD 1791 and has lasted 

into the current century…. The reconstruction shows that two short-term drought periods 

occurred during AD 1890-1904 and AD 1945-1958.  In general, however, rainfall during 
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the last 200 years has been above normal, and has been steadily increasing since the early 

1700s.”  This can easily be seen in Grissino-Mayer’s (1996) Figures 4A and 4B, 

reproduced for this report as Figure 2.4A and 2.4B.  Figure 2.4A shows the reconstructed 

annual rainfall in standard deviation units smoothed with a 10-year spline that emphasizes 

decadal-scale climatic events.  The 1950s drought can be easily seen as an extended period 

of values at or below –1 standard deviation units.  Grissino-Mayer et al. (1997) rank the 

1950s drought as the 19th most severe drought for the El Malpais in the 2,129-year record.  

Figure 2.4B shows the same data, smoothed with a 100-year spline that emphasizes 

century-scale events.  Here, it is clear that climate since the 1800s has been extremely wet.  

Though, even on a century-scale, the 1950s drought is clearly evident, its representation 

with the 100-year spline obscures its severity. 

The analysis of the PDSI reconstruction for the Middle Rio Grande Basin focuses 

on events of 5 or more years. In their analysis, Grissino-Mayer et al. (2002) state “The 

reconstruction revealed over 60 multi-year periods (each >5 years in length) of either 

severe drought or extreme wetness.  Notable among these were the five driest periods 

between 1571-1593, 1272-1297, 1945-1963, 701-712, and 1131-1151.  The five wettest 

periods occurred between 1553-1557, 1627-1653, 1978-1992, 724-733, and 1377-1396.”  

The extremity of both the 1950s drought and the extreme wet period post-1978 can be seen 

in Figure 2.5, which shows the MRG reconstructed PDSI, smoothed with a 10-year 

running average. 

Data from the 1950-2002 period can be easily used to represent a wide range of 

climatic conditions.  Both of the climate reconstructions show that the 1950s drought was a 

severe drought within the context of the past 1400-2100 years.  They also show that MRG 

climate since the late 1970s has been wetter than anything previously on record.  

Fortunately, the 1950-2002 period also well-represents long-term average conditions.  

Table 2.1 shows the 1950-1992 and 622-1992 averages for both the El Malpais 

precipitation and the MRG PDSI reconstructions.  The 622-1992 and 1950-1992 average 

PDSI are both equal to or nearly zero.  The 622-1992 average annual precipitation is 14.59 

inches; the 1950-1992 average annual precipitation is 15.49 inches.  Clearly, for both 

reconstructions, the 1950-1992 period average is similar to the long-term average.  The 

1950-1992 and 1950-2002 periods also appear hydrologically similar.  The Otowi Index 
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Supply for 1950-1992 averaged 933,070 acre-feet per year; the Otowi Index Supply for 

1950-2002 averaged 939,819 acre-feet per year.   

In summary, the 1950-2002 period includes both a severe drought and an extreme 

wet period, and when averaged over the 52 years, represents long-term average conditions 

well.   

2.6.2 Climate forcing and the Pacific Decadal Oscillation 

Climate forcing can be used to look for climate cyclicity, which may provide an 

indication of upcoming conditions, though it does not constitute a climate prediction.  It is 

generally accepted that New Mexican climate and precipitation are strongly influenced by 

El Niño/Southern Oscillation (ENSO) effects.  Precipitation is frequently significantly 

above normal during El Niño years, and La Niña years are strongly correlated with 

drought.   

New Mexican climate and precipitation are similarly influenced by Pacific Decadal 

Oscillation (PDO) effects.  The Pacific Decadal Oscillation is a long-lived El Niño-like 

pattern of Pacific climate variability.  The two climate oscillations, PDO and ENSO, have 

similar spatial climate fingerprints, but they have very different behavior in time.  20th 

century PDO "events" persisted for 20-to-30 years, while typical ENSO events persisted 

for 6 to 18 months.   

The Pacific Decadal Oscillation is derived from monthly sea surface temperature 

anomalies in the North Pacific Ocean, poleward of 20 degrees latitude.  Just as ENSO 

climatic variations occur as a result of anomalously warm and cool pools of water in the 

equatorial Pacific Ocean, PDO climatic variations occur on a decadal time scale as a result 

of anomalously warm or cool sea surface temperatures in the North Pacific Ocean, and 

over a larger spatial scale than ENSO.  The North American climate anomalies associated 

with PDO are broadly similar to those connected with El Niño and La Niña, though 

generally not as extreme.  Positive (warm, with warm water off the west coast of the 

Americas) phases of PDO are correlated with El Niño-like North American temperature 

and precipitation anomalies, while negative (cold, with cool water off the west coast of the 

Americas) phases of PDO are correlated with La Niña-like climate patterns (Mantua, 

website).  As with ENSO, there is a strong correlation between the Pacific Decadal 
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Oscillation and precipitation in New Mexico, with increased precipitation during the warm 

phase and decreased precipitation during the cold phase.  During the last cold phase of the 

cycle (1947-1976) dry years outnumbered wet years1 nearly four to one (55 to 15 percent 

of the years).  During the warm phase of the cycle (1977-1997) wet years outnumbered dry 

ones three to one (43 to 14 percent) (Liles, website).  

The correlation between severe regional droughts in New Mexico and the cool 

phase of the PDO is strong.  Figure 2.6 shows the reconstructed Pacific Decadal 

Oscillation index from 1650-1991 (Biondi et al., 2001), and severe regional droughts in the 

Middle Rio Grande region of New Mexico (Scurlock and Johnson, 2001).  As can be seen, 

all 6 of the extended droughts that have occurred since 1650 have coincided with cool 

(negative) phases of the PDO.  In particular, droughts have occurred during 4 of the 6 most 

negative (cool) excursions of the PDO.  

Cool PDO regimes prevailed from 1890-1924 and again from 1947-1976, while 

warm PDO regimes dominated from 1925-1946 and from 1977 through the late-1990s.  

These periods correspond to the two periods of extended drought and two periods of above 

average moisture experienced by New Mexico in the past 100 years.  Average Otowi Index 

Supply for the latter three of these periods, shown in Table 2.2, illustrates the relationship 

between PDO phase and flow of the Rio Grande. 

There is scientific evidence that the PDO shifted around 1998-1999 and we have 

entered the cool phase. If true, then New Mexico could be at the start of a 20-year extended 

period of drought, possibly similar to the 1950s drought. 

2.6.3 Implications for the Middle Rio Grande Basin 

Based on review of past climate, as captured in tree ring records, and of the climate 

forcing impact of the Pacific Decadal Oscillation in the Middle Rio Grande Basin, we can 

conclude the following: 

• The 1950s drought, from 1945-1963, was the 3rd most severe drought of 
the past 1,371 years, equaled in its magnitude and duration only by the 
droughts between 1272-1296 and 1571-1593.  (Based on the El Malpais 

 
1 For both, “wet” and “dry” indicate years with precipitation 10% above or below the average precipitation 
measured from 1944 to 1997. 
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precipitation reconstruction, the 1950s drought was the 19th ranked 
drought, in severity and duration, during the past 2,129 years); 

• The 1978-1992 period is the third wettest multi-year period in the 1,371 
year reconstruction (for the El Malpais precipitation reconstruction, the 
1978-1992 period is ranked the wettest period of the last 2,129 years); 

• Based on 20th century correlations between the PDO and MRG Basin 
drought and wet events, the apparent switch in the PDO in 1998 to it’s cool 
phase would suggest extended drought conditions are returning to New 
Mexico. 

These conclusions imply that: 

• The 1950s drought is an excellent period to work with for drought planning 
for the Middle Rio Grande Basin. 

• In choosing a period of record to work with in preparing water budgets for 
the region, the 1950-2002 period is preferable to a shorter period during the 
same time span.  Though on an annual basis, the 1950-2002 period includes 
an abundance of wet and dry years, and relatively few “average” years, 
when averaged over the 53 years of record, this period fairly well represents 
“average” conditions.   

• Use of a shorter period of record for planning analyses, particularly the 
more recent 25-year period, should be done only with the recognition that 
this period has been significantly wetter-than-average.  Without some 
adjustment for this bias in the record, water supply projections developed 
from the past quarter century will likely overestimate the long-term water 
supply.  
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3.0 AVAILABLE DATA AND RESOURCES 

The water resources of the Middle Rio Grande region have been studied for over a 

century.  Previous water resource studies relate to water supply, water demand, water 

storage, water conveyance, flood control and environmental issues.  The number of 

investigating entities and breadth of investigator perspectives underscores the importance 

of water resources to this region. 

Federal agencies conducting water resource evaluations in this region include the 

U.S. Geological Survey (USGS), the U.S. Bureau of Reclamation (USBR), the Army 

Corps of Engineers (COE), and the U.S. Fish and Wildlife Service.  State agencies 

conducting water resource evaluations include the New Mexico Bureau of Mines and 

Mineral Resources, the New Mexico Interstate Stream Commission, the Department of 

Game and Fish, the New Mexico Office of the State Engineer, and the Environment 

Department.  Other entities conducting studies include the Middle Rio Grande 

Conservancy District (MRGCD), the City of Albuquerque and other municipalities, the 

Bosque del Apache National Wildlife Refuge, the University of New Mexico, the New 

Mexico Institute of Mining and Technology, Sandia National Laboratories, Kirkland Air 

Force Base, and several water planning regions, counties and environmental groups.  Other 

key players in the region include the pueblos of Cochiti, Santo Domingo, San Felipe, Santa 

Ana, Sandia, Zia, Jemez and Isleta, and the Rio Grande Compact Commission. 

While previous studies have varied in focus and scope, in aggregate, they present a 

staggering amount of data and information on the water resources of the Middle Rio 

Grande.  As part of this study, existing studies, reports and data sets were compiled and 

used in the analyses.  The reports and data sets used in this work are discussed in the 

following sections. 

3.1 Data and Information Reconnaissance 

Data for Phase 3 analyses are based on the data sets and reports collected in Phases 

1 and 2, and updated information where applicable.  In Phase 1, Executive Steering 

Committee (ESC) members identified key studies and contacts for information on surface 

water, groundwater and water use in the Middle Rio Grande region.  A data inventory 

survey form was distributed to ESC members and other contact persons to further identify 
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information on available data and metadata.  Follow-up interviews were conducted with 

agency representatives and key investigators regarding identified water resource data and 

studies.  Key data sets and reports were requested and collected.  In Phase 2, the data and 

information gained during this reconnaissance phase were organized into a document 

database, a series of data sets, and a metadata database.  For Phase 3, a key subset of these 

data sets was updated through the end of 2002.  Where appropriate, revisions to source 

material and additional reports were included in the analyses. 

3.2 Annotated Bibliography 

The annotated bibliography was updated in this study phase to include additional 

reports related to climate, regional water planning and water resources.  The bibliography 

contains key documents related to the Middle Rio Grande region in the areas of surface 

and groundwater modeling; water budget studies and depletion analyses; hydrogeology, 

geology, water resource planning, management of biological resources, river operations, 

and regional paleo-climatology.  A subset of this bibliography includes annotations 

summarizing report contents.  The bibliography, included in the project report, is available 

for download from the website of the Office of the State Engineer at www.ose.state.nm.us. 

3.3 Metadata Database 

Metadata, or data about data, was requested from agencies or entities collecting or 

maintaining water resource data with relevance to this study.  A metadata database was 

compiled in Phase 2 of this study.  Metadata were catalogued and assimilated into broad 

categories as established by the Federal Geographic Data Committee (FGDC).  These 

categories include identification information, data quality information, spatial data 

organization information, spatial reference information, temporal data information, entity 

and attribute information, distribution and metadata reference information.  Data sets 

included within the metadata database are listed in Table 3.1.  The metadata database, 

reflecting the Phase 2 work, is described in detail in Appendix A and is available for 

electronic access or download on the project website, available from the website of the 

Office of the State Engineer at www.ose.state.nm.us 
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Since the completion of Phase 2, some data described in the Phase 2 metadata 

database has been augmented by data origination entities through one or more of the 

following actions:  

• Continued data collection and database maintenance:   Gaged flow records 
and wastewater discharges are examples of data sets that continue to grow 
as additional data are generated. 

• Installation of new gages resulting in new data locations:  New data sets are 
being created with the addition of new flow gages.  Most notable in this 
category are numerous additional gages installed by the MRGCD in the 
period between 1999 and 2003.   These gages, identified on Table 3.2, have 
been installed with the objective of measuring all inflows to and outflows 
from the MRGCD.  The MRGCD expects to continue to expand this 
network of gages over the coming years to better understand the irrigation 
system water budget and to support efforts for improved system 
efficiencies.   

• Revision of data in public databases:  For example, the USBR has recently 
conducted quality-assurance on the ET Toolbox reported consumptive use 
numbers, and has made changes to reported historic consumptive use. 

• Updated scientific studies:  For example, the USGS has developed a new 
groundwater model for the Albuquerque Basin, published in 2002.   

A comprehensive update of the Phase 2 metadata database was not included in the 

scope of work for the Phase 3 study, however, where applicable to the Phase 3 analyses, 

updated or replacement data and metadata have been obtained.  These data are identified 

and discussed in the following section.   

3.4 Key Data Sets 

Key data sets used in the Phase 3 study are described in this section, under the 

general categories of USGS flow data, wastewater discharge, Rio Grande Compact indices, 

consumptive use data and GIS coverages.  These data sets are illustrated in Appendices B 

and C, which provide time-series plots of flow and consumptive use data.  Figure 3.1 

provides a schematic diagram indicating the relative location of selected gaging stations, 

major tributary inflows, and municipal wastewater returns in the study area. 

3.4.1 USGS Flow Data  

An initial review of USGS gaging stations identified 69 flow gaging stations within 

the Middle Rio Grande region that measure daily or peak discharge at river, canal, drain 
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and tributary locations.  From this list, active and discontinued stations were identified 

which met the following criteria: 

• Stations on the Rio Grande, or adjacent canal, drain or other conveyance 
channels; 

• Tributary stations at the most downstream (closest to confluence with Rio 
Grande) location monitored. 

Stations on minor arroyos with gages at locations distant from the Rio Grande were 

excluded.  The resulting set of 47 gaging stations is listed in Table 3.3, with identifying 

information and the period of record for the station.  Metadata and time-series graphs of 

annual flow data calculated from the daily mean flows were provided in the Phase 2 report 

for most of these stations.   

USGS gaging stations that are used in the basin-wide water budget include: Santa 

Fe above Cochiti Lake, Galisteo Creek below Galisteo Dam, Jemez River below Jemez 

River Dam, North Floodway, South Diversion Channel, Tijeras Arroyo near Albuquerque, 

Rio Puerco near Bernardo, and Rio Salado near San Acacia.  These records have been 

updated through 2002 where possible.  Time-series graphs of annual flow data calculated 

from the daily mean flows are provided in Appendix B for these 8 stations. 

Other USGS gaging stations relevant to the basin-wide water budget include the 

Rio Grande at Otowi Bridge, the Rio Grande below Elephant Butte and the Rio Grande 

below Caballo.  For the purposes of this study, adjustment of these records to account for 

changes in reservoir storage and for contributions of trans-mountain diversions is needed.  

Such adjustments are made annually by the Rio Grande Compact Commission, resulting in 

a secondary data set termed Rio Grande Compact Data.  These data are discussed below in 

Section 3.4.3. 

3.4.2 Wastewater Discharge 

Monthly wastewater discharge records under Environmental Protection Agency 

(EPA) NPDES permits, for the municipalities of Albuquerque, Rio Rancho, Bernalillo, Los 

Lunas, Belen and Socorro, were obtained as electronic files from the EPA for the years of 

1989 to 2002.  The total wastewater discharge in 2002, comprised largely of wastewater 
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from the City of Albuquerque, was 64,246 acre-feet.  Time-series graphs of these records, 

as annual totals, are provided in Appendix B.   

3.4.3 Rio Grande Compact-Based Indices and Records 

Terms computed under the Rio Grande Compact for use in Compact Accounting 

include the Otowi Index Supply, the Elephant Butte Effective Index Supply (Elephant 

Butte Scheduled Delivery), the Actual Elephant Butte Effective Supply and the End-of-

Year Credit/Debit.  Accounted values for these terms are published annually by the Rio 

Grande Compact Commission, along with the San Juan-Chama trans-mountain diversion 

flow at Otowi.  The definition and application of these Compact Accounting terms are 

introduced in Section 2.2.  Time-series graphs of each of these terms and the San Juan-

Chama flows are provided in Appendix B. 

The Rio Grande Compact places limits on the quantity of water available for 

depletion within the Middle Rio Grande region.  The Otowi Index Supply (native inflow) 

and the San Juan-Chama trans-mountain diversions at Otowi gage represent the base 

upstream inflow to this region.  This inflow, combined with surface water tributary inflow 

and net groundwater gains/losses in the Middle Rio Grande region, comprises the gross 

water supply to the region.  The amount of water available for use (depletion) within the 

Middle Rio Grande region, however, is determined after subtracting the downstream 

obligation, or Elephant Butte Scheduled Delivery, from the gross supply.   

The Compact schedule sets forth a relationship between the Otowi Index Supply 

and the Elephant Butte Scheduled Delivery that provides for higher scheduled deliveries in 

years of higher flow.  This relationship is not linear.  Subtraction of the scheduled delivery 

from the Otowi Index Supply indicates that a maximum of 405,000 acre-feet per year is 

available for use (depletion) within the Middle Rio Grande region (Figure 3.2).  The actual 

supply to the region is equal to this difference, plus San Juan-Chama trans-mountain 

diversions, tributary inflow and net groundwater gains/losses. 

The Compact credit or debit is calculated as the difference between the Elephant 

Butte Scheduled Delivery (the obligation) and the Actual Elephant Butte Effective Supply 

(representing the computed delivery), except in spill years.  Accrued credits are spilled 

first.  Accrued debits are set to zero when useable water is spilled from project storage, and 
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no annual credit or debit is calculated.  Figure 3.3 shows the history of credits and debits 

under the Rio Grande Compact.  As seen in this figure, credits or debits were not computed 

for the spill years 1942, 1985 through 1988 and 1995. 

Trans-mountain diversions of the San Juan-Chama Project were initiated in June 

1971 to provide a supplemental water supply to contracting New Mexico entities.  This 

Bureau of Reclamation project, authorized by Public Law 87-483, diverts water from three 

tributaries of the San Juan River in southwestern Colorado (the Navajo, Little Navajo and 

Blanco rivers), and delivers it through a series of tunnels across the continental divide to 

northern New Mexico.  Project deliveries are measured at the mouth of Azotea Tunnel, 

which discharges into Willow Creek, a tributary to the Rio Chama.  Project water is stored 

in Heron Reservoir on Willow Creek just above its confluence with the Chama.  The total 

San Juan-Chama allocation, measured as releases from Heron Reservoir, is 96,200 acre-

feet per year, of which 93,210 acre-feet per year are presently contracted.  Included in this 

amount is 70,400 acre-feet per year contracted to entities within the Middle Rio Grande 

region, 5,605 acre-feet per year contracted to the City of Santa Fe, and 5,000 acre-feet per 

year to maintain the recreation pool at Cochiti Lake, for a total contracted quantity for use 

between the Otowi gage and Elephant Butte of 81,005 acre-feet per year (NMISC, personal 

communication).  San Juan-Chama water delivered for use in the Middle Rio Grande 

region is assessed a 2% conveyance loss between Heron Reservoir and the Otowi gage, as 

approved by the Rio Grande Compact Commission in 1979. 

3.4.4 Consumptive Water Uses 

Consumptive water uses in the Middle Rio Grande region include 

evapotranspiration by irrigated crops and riparian species; open water evaporation from 

the river, conveyance channels and reservoirs; and consumption of water for domestic, 

municipal and industrial use.  Data sets for these consumptive uses have been obtained 

from sources described below, and are further documented in the metadata database 

(Appendix A).  Graphs summarizing data sets of consumptive use are provided in 

Appendix C. 
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3.4.4.1 Agricultural Consumptive Use 

For reaches in the region between Cochiti and Elephant Butte Reservoir (Figure 

3.4), daily consumptive use estimates for the years 1975 to 2002 are accessible through the 

USBR AWARDS ET Toolbox website (available from the Bureau website, 

www.usbr.gov) and are documented in (Brower, 2004).  These consumptive use estimates 

have been calculated by the USBR for mapped crops and riparian species within individual 

4 km by 4 km cells corresponding to the National Weather Service Hydrologic Rainfall 

Analysis Project (HRAP) grid.  For each cell, the USBR provides a term identified as 

“consumptive use”, obtained by calculating daily potential evapotranspiration (ET) rates 

for each vegetation class using a modified Penman procedure, updated crop coefficients, 

and an updated solar radiation function (Al Brower, personal communication, May 2000).  

Crop and vegetation acreages are multiplied by their respective ET rates to calculate total 

daily consumptive use for each cell, and cells are summed to provide reach totals.  In the 

calculation employed by the USBR for the ET Toolbox, time-invariant crop coefficients 

and vegetation acreages are employed, but climatic parameters are varied according to the 

climatic record.   

Crop and vegetation acreages are based in part on the 1992 condition, calculated by 

the USBR utilizing aerial photography and 1992 Landsat TM satellite imagery, in 

coordination with a program of field verification.  The acreages derived from this work 

were compiled by the USBR into a GIS database and are commonly referred to as the 1992 

LUTA (land use trend analysis).  This work is documented in the Middle Rio Grande 

Water Assessment Supporting Document No. 13 (Bell et al., 1994).   The resulting GIS 

coverages were subsequently updated by the USBR to extend into areas to the south, and 

these extended land use coverages are available from archives at the Earth Data Analysis 

Center (EDAC).  Metadata regarding the methods, data and other details of the land use 

extension have not been located.  This combined coverage, including the 1992 LUTA and 

the subsequent (undated) extension, will be referred to as the 1992 LUTA/Extended land 

use coverage. 

For this study, agricultural irrigated acreage for the reaches between Cochiti and 

San Marcial (reaches 1 and 3–6) were extracted directly from the 1992 LUTA/Extended 
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GIS coverages obtained from EDAC2.  These acreages were then used, in conjunction with 

reach-averaged potential ET rates (for the 1975-2002 period) derived from the ET Toolbox 

(January 2003 version) data, to calculate consumptive use (potential ET) values for each 

reach.  It should be noted that the irrigated acreage estimates obtained from this source 

exceed, by several thousand acres, estimates provided in the USBR Crop Census Reports 

and in the NMSU Agricultural Experiment Station Reports, a review of which are provided 

by SSPA (2002). 

The average values for irrigated acreage and potential evapotranspiration rate, and 

the resulting calculated potential crop consumptive use, used in this study are shown in 

Table 3.4.  These values include both irrigated lands within the MRGCD as well as other 

irrigated areas, for example areas irrigated by the La Joya Acequia, that reside outside of 

the boundaries of the MRGCD.  Fallow and idle acreage is not included in the acreage 

totals.  1,706 acres of irrigated agricultural land within the Bosque del Apache are included 

within the San Acacia to San Marcial reach3.  There is no irrigated agricultural acreage 

reported between San Marcial and the north end of Elephant Butte Reservoir.  

Consequently, ET Toolbox Reach 7, San Marcial to Elephant Butte Reservoir, is not 

included in these calculations.   

The calculated consumptive use presented in Table 3.4 represents the potential, or 

theoretical, consumptive use for these crops, under the given climatic conditions, and 

assuming that optimal growth conditions are present.  In reality, this level of use will not 

be obtained; actual consumptive use will reflect less than optimum growth conditions.  An 

adjustment from potential to actual consumptive use for the water budget analysis is 

described in Section 4.  Additionally, a portion of the consumptive use is supplied by 

precipitation, reducing the consumptive use that must be satisfied through irrigation 

 
2 LUTA stands for Land Use Trend Analysis.  These GIS coverages are used in lieu of acreages reported in 
the ET Toolbox, reportedly obtained by similar procedure from the same source material.  Directly extracted 
values were not identical to those reported in the ET Toolbox, though total acreage for the entire Middle Rio 
Grande from Cochiti to San Marcial was nearly identical to that given in the ET Toolbox.  At least some of 
the reach-by-reach difference is believed to be associated with the cell discretization utilized for the ET 
Toolbox.  Although the ET Toolbox numbers are based on the LUTA/Extended data, the data is clipped to 
represent a slightly smaller grid than the original coverage, and land use is totaled by grid cell.  At the reach 
breaks, cells that span two reaches are put in one of the two reaches. 
3 Irrigated agricultural acreage obtained from the 1992 LUTA/Extended land use coverage.  As shown in 
Table 3.4, the total irrigated agricultural acreage between Cochiti and San Marcial is 63,500 acres.  If the 
Bosque del Apache irrigated agricultural acreage is removed, the remaining irrigated agricultural acreage is 
61,794 acres, roughly equal to that presented in other studies for this region.   
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(consumptive irrigation requirement).  The ET Toolbox does not provide the estimated 

consumptive irrigation requirement, although a term labeled “daily water use” is provided.  

The “daily water use” provided in the ET Toolbox is not equivalent to a consumptive 

irrigation requirement, because of the procedure employed whereby all daily precipitation 

is subtracted from the daily consumptive use, resulting in negative daily water use where 

precipitation exceeds the consumptive use.  Accordingly, a separate “effective 

precipitation” term is included in the water budget developed in this report (Section 

4.3.12). 

Graphs showing the annual crop consumptive use used in the Phase 3 analyses are 

provided in Appendix C.  The updated Phase 3 cropped acreages, potential 

evapotranspiration rates and potential consumptive use are not substantially different from 

the values obtained for Phase 2 of this study.  However, as noted above, the consumptive 

use applied in the Phase 3 water budget analysis is adjusted to represent an estimate of 

“actual” consumptive use.  This adjustment (Section 4) results in a significant reduction of 

agricultural demand in the basin-wide water budget from that previously assumed.   

3.4.4.2 Riparian and Open Water Consumptive Use 

Riparian and open water acreage and potential consumptive use are treated as 

separate terms to facilitate assessment of planning alternatives that deal with only riparian 

or only open water.  As for the agricultural acreage, riparian and open water acreages for 

reaches 1 and 3 – 6 were extracted directly from the 1992 LUTA/Extended GIS coverages 

archived by EDAC.  The acreage in the San Marcial to Elephant Butte Reservoir reach 

(reach 7) was taken directly from the ET Toolbox and represents interpretation of 

IKONOS 2000 satellite imagery.   Potential evapotranspiration rates were obtained from 

the January 2003 ET Toolbox data for the reaches between Cochiti and San Acacia 

(reaches 1 and 3-5) and were averaged over the 1975 to 2002 period.  Given that the 

riparian vegetation in reaches 6 and 7 is predominantly salt-cedar, and that the latest salt-

cedar studies in New Mexico suggest that consumptive use is 4 acre-feet per acre (King 
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and Bawazir, 2000; Bawazir, personal communication), an ET rate of 4 acre-feet per acre 

was used for Reaches 6 and 74.   

Tables 3.5 and 3.6 present the riparian and open water acreages, evapotranspiration 

rates, and potential consumptive use updated for Phase 3 of this study.  There are 

significant differences between the reach-specific estimates of riparian and open water 

consumptive use obtained for this phase, and estimates obtained for Phase 2 (SSPA, 2000).  

The Phase 3 estimates of riparian and open water acreage for the Central Avenue to 

Bernardo and San Acacia to San Marcial reaches are substantially larger than those 

obtained from the ET Toolbox for Phase 2 of this study.  The changes from values used in 

Phase 2 reflect revisions made to the ET Toolbox by the USBR in the past year.  

As for the agricultural consumptive use, effective precipitation is not included in 

the riparian and open water consumptive use calculations.  Graphs showing the annual 

riparian and open water consumptive use compiled as part of the Phase 3 analyses are 

provided in Appendix C. 

3.4.4.3 Reservoir Evaporation 

Reservoir evaporation represents a significant consumptive use in the Middle Rio 

Grande region.  Calculated reservoir evaporation for Cochiti Lake, based on pan 

evaporation, climate data and reservoir area, was obtained from the U.S. Army Corps of 

Engineers.  Evaporation from Cochiti Lake typically ranges between 5,000 and 8,000 acre-

feet per year; however, evaporation in the range of 15,000 to 20,000 acre-feet per year was 

reported for the wet years 1985 through 1987.  During this period, Cochiti Reservoir was 

operated in flood-control mode and large volumes of native Rio Grande water were held as 

carryover storage in accordance with the federal authorizations for the reservoir.  

Evaporation for the Elephant Butte Reservoir is similarly calculated by the USBR.  

Evaporation from Elephant Butte Reservoir is highly variable due to the large range of 

                                                 
4 The ET Toolbox uses one set of crop coefficients for Reaches 1-5, corresponding to a combined salt cedar 
and cottonwood acreage.  For Reach 6, the average ET Toolbox riparian evapotranspiration rate was 
unexpectedly small, 3.03 acre-feet per acre.  Reach 6 is based on the 1999 USBR/US Fish and Wildlife 
Service GIS, which individually tallies salt cedar and cottonwood acreages.  Consequently, for Reach 6 of the 
ET Toolbox, the USBR obtained a second set of crop coefficients from Dr. Bawazir to calculate potential 
consumptive use for the two riparian types separately (Al Brower, USBR, personal communication).  Given 
that these alterations result in consumptive use values significantly below those reported in the literature, and 
as obtained directly from Dr. Bawazir, we have chosen to use the literature values directly.  
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surface area.  Evaporation has ranged from less than 50,000 acre-feet per year to over 

250,000 acre-feet per year during the past 50 years.  These values do not include 

evaporative losses from the exposed portions of the reservoir, however.  This is discussed 

further in Section 4.4.5. 

Metadata for reservoir evaporation data is included in Appendix A; time-series 

graphs are include in Appendix C. 

3.4.4.4 Groundwater Use 

Groundwater use in the Albuquerque Basin was not independently evaluated as part 

of this study.  Recent work has been conducted by the USGS to catalogue groundwater 

withdrawals as part of the USGS Middle Rio Grande Basin Study, a 6-year effort (1995-

2001) by the USGS and other agencies to improve the understanding of the hydrology, 

geology, and land-surface characteristics of the Middle Rio Grande Basin to provide the 

scientific information needed for water-resources management.  This information has been 

incorporated into the USGS model of the Albuquerque Basin (McAda and Barroll, 2002).  

As represented in the 2002 USGS model, the current level of pumping in the Albuquerque 

Basin, from Cochiti Dam to San Acacia, is 150,474 acre-feet per year.  Municipal pumping 

between San Acacia and San Marcial, as obtained from pumping reports from the City of 

Socorro and New Mexico Tech, was an additional 3,300 acre-feet per year for 2002.  No 

records are available to allow quantification of agricultural pumping below San Acacia. 

Other elements of the water budget with respect to the groundwater reservoir are 

incorporated through groundwater flow models. For example, precipitation is incorporated 

through the modeled recharge terms, and groundwater basin inflow and outflow are 

incorporated through model boundary designations. This study did not re-examine the 

hydrogeologic conditions or groundwater budget incorporated into available groundwater 

flow models.   

For the Albuquerque Basin, this study used the USGS groundwater flow model 

(McAda and Barroll, 2002).  This model is used to integrate and represent groundwater 

processes and aquifer-stream interactions.  The groundwater model is a work product of 

long-term studies of the Middle Rio Grande Basin, undertaken by the USGS and 

cooperating agencies.  Future changes to the model will likely occur, incorporating 
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additional data as they are generated.  The USGS Middle Rio Grande Basin Study and 

work products are summarized on the Middle Rio Grande Basin Study homepage, 

accessible from the USGS website at www.usgs.gov.  

For the Socorro Basin, this study used an interim version of the NMISC Socorro 

Basin model presently under development (Shafike, 2003, personal communication).  This 

model was used to assess aquifer/stream interactions associated with municipal pumping in 

the Socorro area.   

3.4.5 GIS Coverages 

GIS coverages of vegetation, hydrography, geology, land use, transportation 

features, and property and municipal boundaries are available from many agencies.  As 

part of the Middle Rio Grande Water Assessment (Hansen and Gorbach, 1999) the USBR 

prepared coverages for county and MRGCD divisions.  These coverages are available 

through the Earth Data Analysis Center (EDAC) in Albuquerque, a data clearinghouse for 

geographic data sets.  The USBR produces and maintains other coverages, for example, 

geomorphology and flood related coverages that were not used in this study and have not 

been catalogued.   

GIS coverages prepared by the USGS for use in developing the groundwater model 

of the Albuquerque Basin (Kernodle et al, 1995; McAda and Barroll, 2002) include 

hydrography, land cover, topography, faults, aquifer properties, recharge and water well 

locations for the State.  Many of these coverages are not readily available and are 

considered internal working products.  Other coverages including hydrography, land 

survey and geology are available to the public through the Earth Sciences Information 

Center as digital elevation models (DEM), digital line graphics (DLG) and digital raster 

graphics (DRG). 

Other agencies collecting or maintaining GIS coverages include the Natural 

Resources Conservation Service  (soil maps), the MRGCD (parcel boundaries and 

irrigation diversions), the U.S. Army Corps of Engineers (various, a catalogue of 

coverages is under development), the Environmental Protection Agency (watershed 

boundaries), and the Interstate Stream Commission.  Digital orthophotos and satellite 

imagery coverages exist for much of the study region.  Many GIS coverages are created for 
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specific agency needs and are of unknown or undocumented quality and are not 

accompanied by adequate metadata.  

GIS coverages obtained for use in this study are included on Table 3.1.  In many 

cases, coverage-specific metadata were unavailable, rather, generalized metadata were 

applied to related sets of coverages.   
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4.0 PROBABILISTIC WATER SUPPLY ANALYSIS 

4.1 Water Supply Analysis Approach 

Probabilistic water supply analyses were conducted to characterize the magnitude 

and variability of the conjunctive use water supply, including groundwater and surface 

water, to the Middle Rio Grande region (Study Area).  A water budget model was 

assembled to serve as a template for the probabilistic water supply analysis.  This water 

budget model is referenced to the Rio Grande surface water system, but integrates 

groundwater by incorporating externally calculated groundwater impacts on the surface 

water system.  Because the analysis is referenced to the Rio Grande, the limitations of the 

Rio Grande Compact on the basin conjunctive use supply are readily incorporated.   

The water budget model consists of supply terms, the primary sources of inflow 

into the Study Area, and demand terms, or depletions.  Given that the goal of the study is 

to quantify supply, rather than river operations, transient changes in storage are not  

explicitly included in the analysis.  The impact of long-term depletion of groundwater 

storage and the impacts of groundwater pumping on the Rio Grande is included through 

terms derived using groundwater models and groundwater studies.  The USGS 

Albuquerque Basin groundwater model (McAda and Barroll, 2002) is applied in the 

Albuquerque Basin.  Groundwater evaluations in the Socorro Basin are based on a model 

under development by the NMISC (Shafike, 2003, personal communications). 

In this study, as in Phase 2 of the Water Supply Study, supply and demand terms 

are represented probabilistically where historic data exhibit variability and support the 

characterization of variability.  For these water budget terms, the historic variability is fit 

with a probability distribution.  In some cases, the historic record does not support 

probabilistic treatment; in these cases, a static value is selected to represent the term. Using 

the resulting probabilistic or static characterization of water budget elements, the water 

budget model simulates the water supply using a Monte Carlo analysis.  The Monte Carlo 

analysis involves repeated simulation of the water budget model drawing from the 

component distributions.  In each simulation, combinations of water budget terms are 

selected in random fashion, while maintaining the specified probability distributions and 

correlations.  This process yields probability distributions for simulated water budget 

outcomes, including total inflow, total depletions and Compact credit/debit.  Each run of 
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the water budget model developed for this project, using the Monte Carlo approach, is 

based on 10,000 simulations.   These simulations are also sometimes termed events or 

realizations.   

4.2 Modeled Reaches for Regional Water Planning 

To better accommodate the assessment of the regional planning alternatives, the 

probabilistic water budget model previously developed under Phase 2 was adapted to 

provide inflow and outflow at the Valencia-Socorro county line, corresponding with the 

southern boundary of the Middle Rio Grande Planning Region (MRGPR) and the northern 

boundary of the Socorro-Sierra Planning Region (SSPR).  With this adaptation, the model 

is divided into three sections: 

• Section 1 – Cochiti to Valencia-Socorro county line 

• Section 2 – Valencia-Socorro county line to San Acacia 

• Section 3 – San Acacia to Elephant Butte Reservoir (north end of the 
reservoir at high water) 

The quantification of agricultural, riparian and open water consumptive use 

employed six reaches as used in the ET Toolbox (Section 3.4.4)5, also sometimes 

referenced as “URGWOM reaches”.  These reaches are shown in Figure 3.4 and are 

identified as: 

• Reach 1, Cochiti to San Felipe 
• Reach 3, San Felipe to Central 
• Reach 4, Central to Bernardo 
• Reach 5, Bernardo to San Acacia 
• Reach 6, San Acacia to San Marcial 
• Reach 7, San Marcial to Elephant Butte Reservoir 

To convert these reaches into the 3 model sections, Reach 4 was subdivided into 

two parts, Central to Valencia-Socorro county line, and Valencia-Socorro county line to 

Bernardo.  Reaches and sub-reaches were then grouped into the three model sections as 

follows: 

• Section 1:  Otowi to Valencia-Socorro County Line  – Includes Reach 1, 
Reach 3, and northern part of Reach 4 (Central to Valencia-Socorro county 
line).  Also includes the area upstream of Reach 1, Otowi to Cochiti.  

                                                 
5 ET Toolbox Reach 2, Jemez Canyon, is omitted since it is outside the study boundaries. 
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• Section 2:  Valencia-Socorro County Line to San Acacia – Southern part of 
Reach 4 (Valencia-Socorro county line to Bernardo) and Reach 5 

• Section 3:   San Acacia to Elephant Butte Dam  – Reach 6 and Reach 7 

Use of these three sections in the analysis allows the agricultural, riparian and open 

water consumptive use to be considered for the region as a whole, for areas specific to 

planning regions, or broken at San Acacia, a boundary used in many other studies and 

therefore a useful intermediate point.  Acreages and consumptive uses by model section are 

discussed further in Sections 4.4.3 and 4.4.4. 

Water inflow and uses have been similarly subdivided to facilitate use of these 

model results by the regional planning entities.  Additional nodes were added to the model 

to calculate inflow and outflow at the Valencia-Socorro county line.  The water budget 

terms contained in the model sections above and below the Valencia-Socorro county line 

are identified in Table 4.1, where terms are grouped for model section 1 (above the county 

line) and for model sections 2 and 3 (below the county line). 

The computed outflow/inflow at the Valencia-Socorro county line and 

combinations of water budget terms above and below this line are provided to assist the 

planning regions in identifying the physical supply pertaining to their regions.  However, it 

is important to remember the county line does not equate to a “delivery” point under the 

Rio Grande Compact or under any other legal, quasi-legal, or administrative framework.  

The physical location of inflow does not imply “ownership” or constitute a “claim” to the 

inflow by a region.  Water rights in New Mexico are acquired and governed by state 

statutes, and, in the Rio Grande Basin, depletion is limited by the Rio Grande Compact.  

The inflows and outflows within the sub-regions are provided to support understanding of 

the location and distribution of water potentially available to regions, as may be helpful to 

the regional planning process.   

4.3 Probabilistic Characterization of Inflow Components 

In preparation for the Phase 3 model update, all flow data, including wastewater 

return flows and reservoir evaporation data, were updated through 2002, and probability 

distributions were re-computed for each term.  The evaluation of variability in the water 

budget terms and the selection of a probability distribution to characterize this variability is 

discussed below.  For some terms, distributions changed little, if any, from those used in 
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Phase 2 of the Water Supply Study.  For other terms, distributions changed significantly.  

Both Phase 2 and Phase 3 distributions are listed in Table 4.2. 

4.3.1 Otowi Index Supply 

The Otowi Index Supply represents the “native” flow at the Otowi gage, the portion 

of the flow not influenced by upstream storage conditions or trans-mountain diversions.  

This index is computed on a monthly basis by the Rio Grande Compact Commission and is 

reported annually in the Rio Grande Compact Commission Annual Report.  The 

Commission computes the Otowi Index Supply by adjusting the gaged flow at Rio Grande 

at Otowi Bridge (08313000) to account for changes in upstream storage and to remove the 

fraction of gaged flow comprised of trans-mountain diversions.  This procedure isolates the 

index from the impacts of water development, operations and management; thus, the index 

is considered representative of the “native” upstream supply to New Mexico on the 

mainstem of the Rio Grande.  It is assumed that variability in this index represents 

variability in climatic conditions influencing the watershed yield. 

The Otowi Index Supply was updated to the year 2002 (Figure 4.1).  The resulting 

annual 1950-2002 data were fit using the BestFit software.  The mean for this period is 

939,820 acre-feet per year.  The optimal distribution was a beta distribution, truncated at 

the maximum and minimum values seen in the 52 year input record, 254,800 and 

2,169,000 acre-feet per year.   

4.3.2 Trans-Mountain Diversions (San Juan-Chama Project Water) 

Trans-mountain diversions of the San Juan-Chama project were initiated in June 

1971, to provide a supplemental water supply to New Mexico entities contracting for this 

water.  This Bureau of Reclamation project, authorized by Public Law 87-483, diverts 

water from three tributaries of the San Juan River in southwestern Colorado (the Navajo, 

Little Navajo and Blanco rivers), and delivers it through a series of tunnels across the 

continental divide to northern New Mexico.  Project deliveries are measured at the mouth 

of Azotea Tunnel, which discharges into Willow Creek, a tributary to the Rio Chama.  

Project water is stored in Heron Reservoir on Willow Creek just above its confluence with 

the Chama.  The total San Juan-Chama allocation, measured as releases from Heron 

Reservoir, is 96,200 acre-feet per year, of which 93,210 acre-feet per year is presently 
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contracted.  Of this, 70,400 acre-feet per year is contracted to entities within the Middle 

Rio Grande region, 5,605 acre-feet per year to the City of Santa Fe and 5,000 acre-feet per 

year to maintain the recreation pool at Cochiti Lake.  The total contracted quantity for use 

between the Otowi gage and Elephant Butte is 81,005 acre-feet per year.  San Juan-Chama 

water delivered for use in the Middle Rio Grande region is assessed a 2% conveyance loss 

between Heron Reservoir and the Otowi gage, as approved by the Rio Grande Compact 

Commission in 1979. 

The magnitude of the trans-mountain diversions released past the Otowi gage in a 

given year is a function of demand, the user’s readiness to use the extra supply, the user’s 

ability to store water if unneeded in the current year, and the climate-dependent “native” 

supply.  As a result, historic San Juan Chama releases have varied significantly since the 

project went on-line in 1971 (Figure 4.2).  However, once the City of Albuquerque 

Drinking Water Project comes on-line, San Juan-Chama Project releases to the Middle 

Valley should become far more consistent.  This trend will intensify as other entities 

holding SJC water contracts find similar ways to utilize their water rights.  Accordingly, 

trans-mountain diversions under both present and future development conditions are 

modeled as a static term equal to the amount allocated and contracted below Otowi, 81,005 

acre-feet per year. 

4.3.3 Santa Fe River Inflow 

The flow at the most downstream station on the Santa Fe River, USGS gaging 

station 08317200, is representative of the inflow of this perennial tributary to the Rio 

Grande (Figure 4.3).  Since the completion of Cochiti Dam, the Santa Fe River joins the 

Rio Grande at Cochiti Lake, immediately upstream of the dam.  Flow in the Santa Fe River 

is comprised of wastewater flow from municipal usage in Santa Fe, irrigation return flow, 

and groundwater accretion to the river between Santa Fe and Cochiti Reservoir (the river is 

generally dry through Santa Fe upstream of the wastewater outfall and irrigation returns).  

Wastewater flows gradually increased through the 1990s in response to increasing 

population in the Santa Fe area, although the flow also responds to precipitation and 

operational events.  However, since the gage was discontinued in 1999, Santa Fe has begun 

wastewater re-use programs that are reducing the amount of effluent released to the river.  

Lacking sufficient record to characterize variability, a static value is used for Santa Fe 
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River inflow in the probabilistic water supply model.  To estimate present development 

conditions, annual flow in the 6-year period 1993 to 1998 was averaged, yielding a value 

of 9,580 acre-feet per year.  This term may overestimate available water under future 

development conditions. 

4.3.4 Galisteo Creek 

Galisteo Creek conveys intermittent run-off to the Rio Grande.  The confluence of 

Galisteo Creek and the Rio Grande is located in the reach between Cochiti Dam and the 

San Felipe gage.  This flow is measured at USGS gaging station 08317950, with a period 

of record extending from 1970 to 2002 (Figure 4.4).  Data for the period of record were fit 

with a Weibull probability distribution function, truncated at zero and 20,000 acre-feet per 

year, two times the maximum observed flow for the period of record.   

4.3.5 Jemez River 

The Jemez River flows into the Rio Grande downstream of the San Felipe Pueblo 

and upstream of Bernalillo.  The flow of the Jemez River is gaged below Jemez Canyon 

Dam at USGS gaging station 08329000; the flow at this station represents the inflow to the 

Rio Grande from the Jemez River (Figure 4.5).   

Jemez River flow data was updated from 1950 through 2002 and refit with a new 

probability distribution.  The optimal distribution was a beta, truncated at the maximum 

and minimum values seen in the 52 year input record, 7,748 and 122,900 acre-feet per 

year.  Additionally, there is a correlation of 0.85 between the Jemez River flows and the 

Otowi Index Supply.  Both the Jemez River and the Rio Grande above Otowi watersheds 

are located in the northern part of the state and include significant components of 

snowmelt. 

4.3.6 AMAFCA Inflow 

The AMAFCA inflow consists of intermittent run-off from the Albuquerque 

metropolitan area, collected through a network of channels constructed in the urban area.  

This inflow is comprised of flow gaged at three locations:  the North Floodway Channel 

(08329900), the South Diversion Channel (08330775) and the Tijeras Arroyo (08330600) 

(composite record, Figure 4.6 and Appendix B).  The period for which records were 
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available at these three gaging stations is 1988 to 2002.  Though a short record, it was fit 

with a probability distribution to capture known variability.  The optimal probability 

distribution for this term was a gamma distribution.  The distribution was truncated at zero 

and 40,000 acre-feet per year, two times the maximum observed flow for the period of 

record. 

4.3.7 Rio Puerco 

The Rio Puerco conveys intermittent flow to the Rio Grande downstream of 

Bernardo (Figure 4.7).  The period of record used to characterize variability at this station 

was 1950 to 2002.  The optimal probability distribution for this term was a lognormal 

function.  The distribution was truncated at zero and 230,000 acre-feet per year, two times 

the maximum observed flow for the period of record.  The flow of the Rio Puerco is not 

correlated with the Otowi Index Supply.  Though a portion of the Rio Puerco drainage 

basin lies in the northern mountains, annual flow is strongly influenced by rainfall events 

in its more southerly drainage basin.  

4.3.8 Rio Salado 

The Rio Salado conveys intermittent flow to the Rio Grande below San Acacia 

(Figure 4.8).  Flow derived from the USGS gaging station at Rio Salado (08354000) has a 

continuous annual record ranging from 1948 to 1984.  The correlation between the Rio 

Salado and the Rio Puerco was evaluated for the overlapping period of record, 1950 to 

1984, and the following linear regression was derived (units of acre-feet per year):  

Rio Salado Flow = (Rio Puerco Flow *0.303) + 1549 

This regression was used to extend the period of record for the Rio Salado to 2002.  The 

optimal probability distribution for the resulting time series was a lognormal.  Flows were 

truncated at 0 and 160,000 acre-feet, two times the observed maximum flow. 

The correlation between the Rio Salado and Rio Puerco flows for the 1950-1984 

period is 0.56; the two rivers are in adjoining basins and share similar topography in their 

lower basins.  This correlation was included in the model; the Rio Salado was modeled as 

dependent on the Rio Puerco, with a dependency of 0.56.   
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4.3.9 Ungaged tributaries; Westside and Eastside inflow 

Inspection of the tributary gaging network and basin drainage characteristics in the 

Middle Rio Grande region suggests that significant ungaged tributary inflow likely occurs.  

On the west side of the Rio Grande, the ungaged tributary inflow includes the Rio Salado 

(formerly gaged) and inflow from tributaries to the south, including Tiffany Canyon, 

Milligan Gulch, Alamosa Creek and many smaller drainages that discharge directly to the 

Rio Grande or to Elephant Butte Reservoir.  On the east side of the Rio Grande, ungaged 

tributary inflow includes Hell Canyon Wash, Canada Ancha, Abo Arroyo, Palo Duro 

Canyon and many smaller arroyos that drain to the Rio Grande.   

Very little information is available concerning the magnitude of flows from these 

regions.  No gaged records of any length exist for west-side arroyos below the Rio Salado, 

or for east-side arroyos below Albuquerque.  To obtain an estimate of ungaged tributary 

inflow, drainage areas for the ungaged tributaries have been assessed and flow 

relationships assumed using relationships based on drainage or upland contribution areas 

for gaged tributaries.  These values are considered placeholders and should be refined 

when better information becomes available.  

Ungaged tributaries within Section 1 of the model are located on the east side of the 

Rio Grande within the Hell Canyon and the Manzano Mountains sub-areas as delineated 

by Anderholm (2001) in a study of mountain-front recharge.  Although many arroyos in 

this area disappear as they traverse the boundary between upland areas and the basin 

(indicative of their contribution to mountain front recharge to groundwater), several larger 

arroyos continue to the Rio Grande.  The drainage areas identified by Anderholm for these 

sub-areas correspond to the upland areas of the watershed adjacent to the basin margins, 

and are identified as 41,910 and 38,900 acres, respectively.   Flow to the Rio Grande from 

these tributaries is estimated based on a relationship derived from the nearby Tijeras 

Arroyo.  Though not entirely similar in topography or land use, absent other information, 

this method provides an approximation for use in this water budget.  The upland drainage 

area for the Tijeras Arroyo is identified by Anderholm as 64,000 acres.  The gaged flow at 

the Tijeras Arroyo near Albuquerque (08330600) averaged 330 acre-feet per year from 

1982 to 1998.   Using this information, tributary inflow of 420 acre-feet per year is 
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estimated for the Hell Canyon and Manzano Mountain sub-areas into Section 1 of the 

water budget model.   This value is input as a constant.  

Ungaged tributaries entering the Rio Grande from the east in Section 2 of the 

model (county line to San Acacia) include the Abo Arroyo and arroyos of the Los Pinos 

Mountains sub-area, as delineated by Anderholm (2001).  These upland watersheds for 

these sub-areas are 158,730 and 44,940 acres, respectively.  A temporary gaging station on 

the Abo Arroyo near the mountain front indicated total streamflow of about 12,400 acre-

feet per year for water year 1997.  Anderholm indicates that most of the flow at the gaging 

station was runoff from intense summer thunderstorms, and that this value is estimated to 

be approximately 150% of the average, based on precipitation records for that year.  

Anderholm estimated, based on the frequency and magnitude of flows, that the annual 

infiltration of summer thunderstorm runoff is only about 900 acre-feet.  Based on this 

estimate, he concluded that much of the streamflow measured at the mountain front 

discharges to the Rio Grande.  Allowing for more typical precipitation conditions and for 

incidental losses due to evaporation and evapotranspiration, a placeholder value of 5,000 

acre-feet per year is used for tributary inflow from the Abo Arroyo.   The Los Pinos 

Mountains sub-area is drained by Palo Duro Canyon and is flanked by a number of smaller 

drainages.  Absent further information, this sub-area is assumed to yield on average about 

1,400 acre-feet per year to the Rio Grande.  Together, the Abo and Los Pinos sub-areas are 

assumed to contribute an average of 6,400 acre-feet per year to the river system.  

Numerous ungaged tributaries are present on both the west and east side of the Rio 

Grande in Section 3 of the Study Area (San Acacia to Elephant Butte).  For these areas, 

runoff occurs via a large number of nearly parallel channels traversing the basin.  Absent 

better information, the ungaged inflow from these areas is estimated using a direct 

relationship between the entire watershed area and gaged flows for the Rio Salado.   The 

Rio Salado drainage is 883,197 acres, as reported by the USGS.  The drainage areas of the 

Section 3 Westside and Eastside ungaged regions were evaluated based on a regional GIS 

coverage, and found to be 1,453,465 acres and 389,390 acres respectively (Figure 4.8). 

The Rio Salado lognormal distribution was applied to the ungaged regions in 

Sections 2 and 3, with multipliers derived from the information presented above.  Similar 

to the method used to model the Rio Salado, the flows from the ungaged watersheds in 
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Section 3 were modeled as dependent on the Rio Puerco.  The Westside region was 

assigned a dependency of 0.4 and the Eastside regions were assigned dependencies of 0.3.  

Dependencies were chosen to reflect increasing distance or characteristics from the Rio 

Puerco basin. 

4.3.10 Base “Adjusted” Groundwater Inflow 

Base “adjusted” groundwater inflow represents the net groundwater that would 

flow into or from the river under the present river-conveyance infrastructure conditions 

without pumping of groundwater, deep percolation of applied irrigation water, and riparian 

evapotranspiration.  While not strictly physically based, the base “adjusted” groundwater 

inflow is important as a baseline term to the water budget model as configured for this 

study.  The base “adjusted” groundwater inflow term is included in the probabilistic model 

as a term representing the combination of stream-aquifer exchanges that would occur under 

steady-state conditions absent groundwater withdrawals from well pumping and riparian 

demand; and, absent groundwater recharge from irrigation seepage.  This term can be 

conceptualized as representing the combination of mountain front recharge, basin inflow 

and recharge through tributary streams, absent natural incidental depletions in upland 

areas.  The effect of pumping, irrigation and riparian use on the river are calculated and 

tracked separately in the probabilistic water supply model. 

Stream-aquifer interactions between Cochiti Dam and San Acacia were 

incorporated through external calculations made using the recently released USGS 

Albuquerque Basin groundwater flow model (McAda and Barroll, 2002).  Net 

groundwater-stream exchanges calculated by the model for non-pumping conditions were 

adjusted to exclude irrigation percolation and riparian groundwater use, to reflect the 

adjusted baseline condition defined above.  Details on the modeling analysis and 

adjustment procedure for calculating the baseline inflow are provided in Appendix E.  This 

groundwater inflow component is handled as a static value in the probabilistic water 

budget model, under the assumption that year-to-year climatic-based variability is not 

significant for this term.  Based on this analysis, the base adjusted groundwater inflow to 

the rivers and drains between Cochiti Dam and San Acacia was modeled as 49,940 acre-

feet per year.  This value is approximately 41,000 acre-feet per year less than was 

estimated with an earlier version of a USGS groundwater model (Barroll, 1999) used in 
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Phase 2, and largely reflects a reduction in estimated recharge to the Middle Rio Grande 

Basin supported by USGS studies cited by McAda and Barroll (2002).  

For the region below San Acacia, the base adjusted groundwater inflow (defined 

under conditions of no pumping, no irrigation return flow, and no evapotranspiration) is 

approximated as equaling total groundwater recharge.  For the Socorro and San Marcial 

basins, groundwater recharge is estimated as 16,500 acre-feet per year (Roybal, 1981).  As 

for the reach above San Acacia, this inflow component is handled as a static value in the 

probabilistic water budget model. 

4.3.11 Wastewater Return Flows 

Monthly wastewater discharge records, under Environmental Protection Agency 

(EPA) NPDES permits, for the municipalities of Albuquerque, Belen, Bernalillo, Los 

Lunas, Rio Rancho and Socorro, were obtained as electronic files from the EPA for the 

years 1989 to 2002.  Since 1998, wastewater return flow trends in the Middle Valley 

appear to have shifted, and reflect a declining trend (Figure 4.10).  This trend is driven by 

the Albuquerque wastewater data and is assumed to result from water conservation efforts 

within the City of Albuquerque.  The average return flow over the period from 1997 to 

2002 of 66,757 acre-feet per year is assumed for the water budget model under the present 

development conditions. 

4.3.12 Effective Precipitation 

Agricultural and riparian consumptive use is partially satisfied by effective 

precipitation, the portion of precipitation that does not run off or infiltrate beyond the root 

zone and is therefore available for use by plants.  In the water budget, potential 

consumptive use is partially offset by an assumed value for effective precipitation. 

The effective precipitation is assumed to be 50% of the annual precipitation 

measured at Albuquerque Airport.  The 50% value is used as a placeholder; no rigorous 

studies were found on this topic applicable to the basin-wide scale of this study6.  Average 

annual precipitation measured at the Albuquerque Airport from 1950 to 2002 was 

 
6 The Bureau of Reclamation has developed a method where effective precipitation is based on increments of 
monthly rainfall.  This approach is not obviously applicable to regions that receive temporally inconsistent 
rainfall, such as New Mexico, where one months’ rainfall can be received in multiple small events or a single 
large event. 
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downloaded from the Western Region Climate Center web site.  Annual values were scaled 

by 50%, and the resulting effective precipitation value multiplied by the crop, riparian and 

open water acreage for each model section (Section 4.4.3 and 4.4.4).  The resulting 1950-

2002 total effective precipitation for each section was fit with a normal distribution for 

inclusion in the model.  Distributions for model sections 2 and 3 were specified as 

dependent on section 1, with dependencies of 0.64 and 0.54 respectively.  These 

dependencies are based on the calculated correlations between measured annual 

precipitation at the Albuquerque Airport and Socorro and Bosque del Apache respectively. 

4.4 Characterization of Depletions 

4.4.1 Cochiti Reservoir Evaporation 

Evaporation from Cochiti Lake occurs in response to reservoir surface area and 

climatic conditions.  In general, water levels in Cochiti Reservoir are maintained at or near 

the recreation pool surface area of 1,200 acres, resulting in a relatively constant annual 

evaporative loss, with the exception of 1985, 1986 and 1987 when reservoir storage and 

evaporation were significantly higher (Figure 4.11).  A normal probability distribution for 

Cochiti evaporation was derived from the 1976 to 2002 period of record, omitting 1985, 

1986 and 1987; the distribution has an average of 6,708 acre-feet per year7.   

4.4.2 Surface Water Depletions due to Groundwater Pumping 

Surface water depletions due to groundwater pumping between Cochiti Dam and 

San Acacia were calculated using the recently released USGS groundwater model of the 

Albuquerque Basin (McAda and Barroll, 2002).  A simulation of historical pumping was 

conducted through year 2000, with total pumping (estimated for the City of Albuquerque 

and other users in the Albuquerque Basin as part of the USGS modeling study) at the end 

of the simulation at 150,474 acre-feet per year.  The model results indicate that depletions 

to surface water, including the river, drains and reservoirs, resulting from this pumping is 

79,600 acre-feet per year for the “present condition” (i.e., given land use and development 

conditions occurring in the year 2000)8.  This assessment is further described in Appendix 

E.  This simulated impact differs somewhat from that used in the Phase 2 study, reflecting 
                                                 
7 This distribution is representative of Cochiti losses in all but spill years; during spill years Compact 
credit/debit status is zeroed, and increased evaporative losses from Cochiti become less significant from a 
Compact compliance point of view. 
8 This depletion is offset in part by wastewater returns, which were described separately in Section 4.3.11. 
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changes in pumping rates, aquifer transmissivity and other parameters in the 2002 USGS 

model.  Given the location of the wells within the Albuquerque Basin, these impacts are 

assigned to the Cochiti to Valencia-Socorro county line area (Section 1) of the probabilistic 

water budget model. 

Groundwater depletions north of the area covered in the Albuquerque Basin model, 

between Otowi and Cochiti, are primarily a result of pumping by the City of Santa Fe.  

Santa Fe depletions, resulting from pumping at the Buckman Well Field, were assessed by 

the NMOSE in 2002 at a value of 2,587 acre-feet (Peggy Barroll, personal 

communication), and in 2003 at a value of 2,676 acre-feet (Kevin Flanigan, personal 

communication).  The 2003 value is used in the probabilistic model. 

Groundwater depletions south of the area covered in the Albuquerque Basin model 

occur between San Acacia and Elephant Butte.  A groundwater model for this area is 

currently under development by the NMISC (Shafike, personal communication). The 

current version of the NMISC model has been used to simulate the impact of the City of 

Socorro’s municipal pumping on the stream system (drains and river).  This simulation 

indicated that the lag time between pumping and the occurrence of stream impacts is 

relatively short, as is expected given the relative proximity of the wells to the river, and 

given the transmissivity of the aquifer.  Therefore, impacts of pumping on the stream 

system are set as equal to groundwater withdrawal rates.  The City of Socorro withdrawals 

are set at 3,300 acre-feet per year for present development conditions, based on data 

provided by the City of Socorro to the NMISC.  The depletions are incorporated into the 

water budget model as a static value for a given point in time.  A probability distribution 

function was not developed for groundwater depletions since climatic-induced variability 

in this term tends to be dampened by the aquifer over the time frame of stream impacts.  

4.4.3 Agricultural Consumptive Use 

Agricultural consumptive use is estimated for both irrigated lands within the 

MRGCD as well as other irrigated areas, for example the La Joya Acequia, that reside 

outside of the boundaries of the MRGCD.  Calculated agricultural acreages, average 

potential evapotranspiration rates, and average potential consumptive use, by reach, are 

given in Table 3.3.  The potential agricultural consumptive use obtained from the Penman 
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method (ET Toolbox, 2003) is adjusted to obtain an estimate for actual consumptive use 

due to factors such as plant health and sub-optimal irrigation.  This adjustment was 

implemented by multiplying the potential consumptive use by a factor of 0.75.  The value 

of 0.75 was developed by comparison of ideal to actual crop yield for alfalfa in the 

MRGCD.  Measured crop yields in the MRGCD in the latter half of the 1990s averaged 

about 5 tons per acre (MRGCD Crop Census Reports, 1956-1966, 1981-1999).  In the 

Socorro District, maximum yields are on the order of 5-6 tons per acre for poor soils and 7-

8 tons per acre for good soils (Darrel Reasner, NRCS, personal communication).  

Accordingly, a value of 7 tons per acre is used as a reasonable maximum yield for alfalfa 

within the Middle Valley, and alfalfa is used as the baseline crop by which to adjust 

consumptive use for all crops.  The adjustment of 0.75 is derived from the ratio of the 

average measured yield of 5.1 tons per to the maximum yield of 7 tons per acre.  The base 

ET rate, acreage, and consumptive use values, by model section, used in the probabilistic 

water budget model are given in Table 4.3. 

The average annual potential evapotranspiration rate (Appendix C), adjusted as 

described above, was multiplied by acreages from the 1992 LUTA/Extended GIS (Table 

4.3) and used within the model as a static demand term of 185,848 acre-feet per year.  The 

inter-annual variability in agricultural consumptive use given in the ET Toolbox is 

minimal, and only reflects climate factors utilized in the ET Toolbox Penman calculation.  

Other variables, i.e., cropped acreage, crop type and crop vigor, were not captured in this 

exercise.  These latter variables are likely to be significant, perhaps resulting in changes up 

to 20% of the average.  However, inspection of agricultural records has not yielded 

sufficient information to identify or to characterize trends in these factors, or their 

relationship to overall supply conditions.  Consequently, we use a static agricultural 

consumptive use within the model, and assess the sensitivity of this term to variability 

(Section 4.5.3) rather than model it as a dynamic term based on only one aspect of its 

variability.  The 1975-2002 average consumptive use rates, acreages and consumptive use 

values, by model section, are given in Table 4.3. 

Agricultural consumptive use is reduced during years when inflow to the region is 

insufficient to meet agricultural consumptive use demand.  If combined Otowi Index, San 

Juan Chama, Jemez River, Galisteo Creek, Santa Fe River, AMAFCA channel flow, 
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Section 1 ungaged eastside inflow, Sections 2 and 3 net groundwater inflow, and Section 1 

wastewater returns are less than the combined riparian ET, open water evaporation, Cochiti 

losses, river depletions due to pumping, and agricultural consumptive use, agricultural 

consumptive use is reduced to equal the remaining supply after satisfying the non-

agricultural consumptive uses first.  This procedure is based on the following assumptions:  

1. In dry years, managers have little control over evaporation, riparian use and 
lagged stream depletions from pumping; 

2. Under present conditions, irrigators will use water available in the river 
without regard to whether or not Compact deliveries will be met; 

3. On-farm and off-farm efficiencies are improved by necessity as supplies are 
decreased.  This procedure allows efficiency to approach 100% in extreme 
drought conditions. 

The third assumption, above, is not completely realistic, as it is doubtful that 100% 

efficiency could be achieved even under conditions of extreme drought.  The application of 

this assumption in the procedure results in some bias towards negative Compact deliveries 

in dry periods. 

4.4.4 Riparian and Open Water Consumptive Use 

For riparian vegetation and open water, actual consumptive use is assumed to be 

equal to the calculated potential consumptive use.  Therefore, no adjustment is made to 

scale down the calculated potential consumptive use as was implemented for crops.  For 

riparian consumptive use, this assumption is based on the fact that riparian plants are 

typically able to deepen roots to obtain water in dryer periods, and therefore are less 

susceptible to supply and distribution conditions than are crops.   

As for agricultural consumptive use, the inter-annual variability in riparian and 

open water consumptive use given in the ET Toolbox is minimal, and only reflects climate 

factors utilized in the ET Toolbox Penman calculation.  Consequently, we use static 

riparian and open water consumptive uses within the model, and assess the sensitivity of 

riparian ET to variability (Section 4.5.3) rather than model them as dynamic terms based 

on only one aspect of their variability.  The 1975-2002 average consumptive use rates, 

acreages and consumptive use values, by model section are given in Tables 4.4 and 4.5. 
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Riparian and open water consumptive uses are not reduced in response to reduced 

inflow, as was done for agricultural consumptive use.  Riparian vegetation draws water 

directly from the water table, such that even when the river goes dry, riparian plants can 

continue to draw water, creating a groundwater deficit that accrues back to the river when 

the river resumes flowing.  Similarly, though the river may go dry for short periods during 

droughts, we assume that on average, evaporative losses from open water will change little.   

4.4.5 Elephant Butte Reservoir Losses 

Elephant Butte Reservoir (EB) evaporative losses include open water evaporation 

from the lake surface area and additional losses from exposed, drained reservoir areas.  The 

exposed areas may include wet soil areas, marshy areas and areas re-colonized with 

riparian vegetation.  The EB losses have been calculated to include losses from the lake 

and the exposed area.   

The open water evaporative loss from the lake is calculated by, and has been 

obtained from, the USBR.  Other relevant data, including average annual reservoir content 

and average reservoir elevation, have been obtained for the years 1950 to 2002 to support 

an analysis of the corresponding exposed area for less-than-full reservoir conditions.  

Using a digital elevation model (DEM) of the reservoir constructed from USGS 10-meter 

DEM quadrangles, total and northern basin reservoir surface areas were calculated as a 

function of reservoir content.  Based on these acreage/content relationships, estimates of 

potential evapotranspirative loss from northern basin exposed land as a function of 

reservoir content were made.  90% of exposed northern basin lands were assumed to 

experience evapotranspirative losses; this value was based on vegetative coverage 

observed on July 23, 2003 during a field visit of the lower portion of the north basin and 

the upper portion of the south basin, and as shown on satellite images of the reservoir taken 

between October 1999 and February 2003.  A consumptive use of 4 acre-feet per acre, 

used to represent the willow and salt cedar communities currently present in the north 

basin, was applied to this additional acreage.  The additional exposed area losses were 

added to the calculated reservoir evaporative losses to produce a total loss for the reservoir 

(Figure 4.12). 
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For inclusion in the water budget analysis, total Elephant Butte Reservoir losses 

were fit with a 9-class histogram and the histogram used as the input distribution.  The 

correlation between total Elephant Butte Reservoir losses and Otowi inflow is r = 0.46; this 

correlation was included by specifying a dependency of 0.46 on the Otowi Index Supply.9  

Losses were truncated at the minimum and maximum values of the total evaporation, 

79,370 and 265,949 acre-feet per year, respectively.  

4.5 Probabilistic Description of the Water Supply and Rio Grande 
Compact Credits/Debits Under Base Case Assumptions 

Using the probabilistic and other characterizations described above, a risk analysis 

model representing the water budget was constructed for the Study Area.  This model was 

implemented using the software @Risk, a spreadsheet-based model, with probability 

functions, correlations and other specified relationships used in place of fixed values 

(Appendix D).  The model was operated using Monte Carlo procedures, which involved 

sampling and running the model 10,000 times, with sampling implemented in accordance 

with the specified probabilistic or other relationships.  This section describes the 

application of this water budget model to a Base Case, representing present development 

conditions.  Section 5 describes the application of this model to analysis of alternatives 

selected by the planning regions.  

4.5.1 Base Case Assumptions 

The Base Case Model is based on three primary assumptions that affect 

interpretation of the results.  First, the model is based on the 1950-2002 period of record, 

and therefore characterizes the water budget under the range of climate conditions as they 

occurred in the period 1950-2002.  How these conditions represent past climate in the 

region is discussed in Section 2.6, and in supporting work products developed as part of 

the Water Supply Study and included in Appendices G and H.  Second, the model assumes 

“present day” development conditions, generally derived from data for the year 2000.  For 

example, the magnitude of groundwater pumping and other water uses are based on present 

conditions.  Third, the model provides a snapshot of how Year 2000 conditions are 
                                                 
9 The correlation between this year’s evaporative loss and last years Otowi Index Supply is slightly stronger, 
r=0.59, than the correlation between this year’s Otowi Index Supply and this year’s evaporative loss.  
However, because of how evaporative loss terms are selected, omitting this correlation has only a small 
impact on the resultant credit-debit for any given year, and on the overall probability distributions calculated 
as part of the model output.   
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manifested “at present”.  In other words, the Year 2000 Base Case model results do not 

reflect future lagged impacts of today’s pumping.  Future lagged impacts would be the 

subject of a modified scenario and will be discussed later in this report. 

The model does not project what will happen in any given year; rather, the model 

results describe the variation in water supply and in Compact credit/debit conditions that 

should be expected given present day development in the context of climate variability.  

Finally, changes in development or water use conditions are modeled as “alternatives”.  

The analysis of alternatives are reflected as changes from the Base Case described herein, 

and will be discussed further in Section 5.  

4.5.2 Basin-Wide Probabilistic Description of Water Supply and 
Compact Credit/Debit  

The probabilistic water supply model for the present condition was applied using 

the probabilistic description of water budget terms described above.  The model results 

include probability distribution functions of the total inflow, total depletions, tributary 

inflow, Elephant Butte Reservoir losses, and the Compact-based credit or debit, assuming 

the Compact schedule of deliveries.  Figures 4.13 through 4.21 illustrate the probability 

distributions resulting from the Base Case model run.  The figures illustrate the magnitude 

of flows at various percentiles within the probability distribution, ranging from the 5th to 

the 95th percentiles.  The 50th percentile indicates the median flow10.  The 25th percentile 

illustrates at what value a flow would be exceeded 75% of the time.  The 75th percentile 

illustrates at what value a flow would be exceeded 25% of the time.  These figures can be 

used to identify what flow should be expected to occur, and can be used to assist regional 

planners in assessing the variability in supply conditions.  Maximum and minimum values, 

along with mean, standard deviation, and percentile values, are given in Table 4.6. 

Figure 4.13 shows modeled basin-wide total inflow, including mainstem and 

tributary inflow, and the remainder of this inflow available for depletion within the region 

once Compact obligations are satisfied.  Annual total inflow to the region, including 

 
10 The 50th percentile values shown on the figures are median, not average (mean) values of their respective 
distributions.  A median value is the value in the middle of the distribution, and for normal distributions, 
equals the average value for the distribution.  However, if the distribution is not normal, the average and 
median values can be significantly different.  Consequently, average water budget values shown in Table 4.6 
will not always equal the median values shown in the figures. 
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groundwater inflow, varies from less than 700,000 acre-feet per year to over 2,200,000 

acre-feet per year, with an average of about 1,340,000 acre-feet per year.  However, of this, 

only about 480,000 to 900,000 acre-feet are available for use annually.  The primary 

contributions to this inflow are from, in order of magnitude, the Otowi Index Supply 

(Figure 4.14), the San Juan-Chama inflow (static term = 81,005 af/year), Jemez River 

(Figure 4.15), the Rio Puerco, and the Rio Salado (Figure 4.16).  Several of the smaller 

tributaries are also shown in Figures 4.15 and 4.16.   

Figure 4.17 illustrates total regional depletions.  Total depletions range from 

640,000 to 850,000 acre-feet a year.  Most of the variation in total depletions is due to the 

variation in Elephant Butte losses.  The variability in Elephant Butte losses can be seen in 

Figure 4.18; losses for the reservoir range from less than 88,000 acre-feet per year, when 

reservoir levels are low, to over 260,000 acre-feet per year when the reservoir is at full 

capacity.  Given that available inflow ranges from 480,000 to 900,000 acre-feet per year, 

this means that Elephant Butte losses can account for anywhere from 10% to 55% of the 

regional depletions in a given year.  In contrast, modeled agricultural, riparian and open 

water consumptive use is relatively constant, ranging only from 520,000 to 576,000 acre-

feet per year (Figure 4.19). 

The average Compact credit/debit resulting from these inputs is a 39,600 acre-foot 

per year debit.  The modeled Compact credit/debit, based on the input distributions 

described above, for year 2000 conditions, is shown in Figure 4.20.  As can be seen, given 

the Base Case model assumptions, debit conditions occur below the 60th percentile, i.e., 

Compact deliveries are made or exceeded only 2 years out of every 5, and debits in excess 

of 100,000 acre-feet per year occur at the 30th percentile and below.  This suggests that, 

absent active involvement in water management, New Mexico will be at risk of Compact 

violation. 

Figure 4.21 provides a schematic of the mean available water supply in the Middle 

Rio Grande region.  The mean values represented on this figure are the mean outcome 

from 10,000 realizations of the probabilistic water budget model, using the Monte Carlo 

analysis.  The mean available supply represents supply to the basin, excluding the Elephant 

Butte Scheduled Delivery (Rio Grande Compact Obligation).  Initiating the figure, the 

available portion of the Otowi Index Supply is shown as 310,000 acre-feet per year.  This 
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number is the difference between 945,000, the mean Otowi Index Supply from the 

probabilistic model simulations, and 635,000, the mean Compact Obligation obtained from 

the probabilistic model simulations.  It should be noted that this value is not equal to the 

value that would be obtained directly from the Rio Grande Compact schedule 

corresponding to the mean Otowi Index Supply of 945,000 acre-feet per year (577,550 

acre-feet per year).  Because the Compact schedule is not linear, the mean value for the 

delivery Obligation cannot be derived from the Compact schedule using the mean value of 

the Otowi Index Supply.  Assessment of Rio Grande Compact compliance using average 

terms will lead to erroneously favorable conclusions, unless the non-linearity of the 

Compact schedule is incorporated.  The non-linearity of the Compact schedule is 

incorporated into the Monte Carlo analysis and is reflected in the results provided in this 

study. 

Figure 4.21 also illustrates the relative magnitudes of the inflow to and demand 

within each model section, and the resulting mean Compact deficit that results from fully 

satisfying those demands.  As can be seen on the left side of the figure in yellow, there are 

an additional 71,000 acre-feet per year of water being depleted from groundwater storage 

that are not accounted for in the flow chart, nor included in the modeled 39,600 acre-foot 

per year Compact deficit.  This implies that for the region to achieve a balance between 

renewable supply and demand, demands need to be reduced by 110,600 acre feet per year, 

or additional supply found to satisfy these demands. 

Figures 4.22 and 4.23 complete the picture with respect to the current disposition of 

the available supply.  The pie graphs shown in these figures indicate the mean percentage 

of overall depletions occurring in various water use categories, according to the 

assumptions described in this and preceding sections.  These graphs are based on the mean 

values of the model simulations.  The percentages in the water use categories will vary to 

some degree, depending on climatic and water supply conditions in a given year.  In 

particular, the reservoir evaporation is subject to a high degree of variation.  As in Figure 

4.21, the water use shown in Figures 4.22 and 4.23 does not include the full aquifer 

pumping currently ongoing in the basin; only stream depletions resulting from pumping 

are included.  This means that, as for Figure 4.21, about 71,000 acre-feet per year of 

aquifer storage depletions are not included in figures 4.22 and 4.23. 
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4.5.3 Sensitivity Analysis 

The results shown in Figures 4.21 represent the regional water supply if current 

demands, as modeled, are satisfied using the water that has historically been available to 

the region.  The large average Compact deficit that results under this simulation implies 

that current demands cannot be fully satisfied given the water historically available to the 

region; active management would be required for New Mexico to meet it’s Compact 

obligations.  However, the absolute accuracy of some of the demand terms included in the 

model is unknown.  In assembling the model, the most recent demand term data was used.  

Nonetheless, terms such as riparian and agricultural consumptive use rates are subject to 

much debate, and small changes in the consumptive use rates for these terms have a large 

impact on the overall regional water budget when multiplied by the acreage involved.  

Accordingly, we have performed two sensitivity analyses with the model, based on the 

variability in riparian and agricultural consumptive use for the region as reported in the 

recent literature. 

4.5.3.1 Riparian ET Sensitivity Analysis 

Recent work by Cleverly et al. (2002) and Dahm et al. (2002) on riparian ET rates 

in the Middle Rio Grande region, NM, have found significant variation in cottonwood and 

salt cedar ET rates based on location and growing conditions.  Cleverly et al. (2002) found 

that salt cedar ET varied from 74 cm/year to 122 cm/year (2.43 to 4.0 ft/year), with smaller 

values of ET occurring at unflooded sites and higher values at flooded sites.  Dahm et al. 

(2002) found ET rates for dense salt cedar of 111 to 122 cm/year (3.64 to 4.0 ft/year), ET 

rates for less dense salt cedar of 74 to 76 cm/year (2.43 to 2.49 ft/year), ET rates for mature 

cottonwood with an extensive understory of salt cedar and Russian olive of 123 cm/year 

(4.03 ft/year), and ET rates for mature cottonwood with a closed canopy of 98 cm/year 

(3.22 ft/year).  These ET rates, in both cm/year and ft/year, are summarized in Table 4.7.   

Riparian ET rates used in the Base Case model range from 3.62 to 4.0 ft/year, 

corresponding to the rates for dense or flooded salt cedar, and mature cottonwood with an 

extensive understory of salt cedar and Russian olive.  Though this may be applicable for 

much of the MRG region, it may overestimate riparian ET for the entire region.  

Accordingly, a sensitivity run of the Base Case model was made with riparian ET rates 
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reduced to 3.2 ft/year, the ET rate for mature cottonwood with a closed canopy, and the 

average ET rate for dense, less dense, flooded, and non-flooded salt cedar sites.   

Table 4.8 shows the Base Case and Sensitivity model inputs for Riparian ET for 

model sections 1, 2, and 3, the difference between the Base Case and Sensitivity input for 

each term and section, and the total regional difference between the Base Case and 

Sensitivity model riparian ET.  If average regional riparian ET rates are closer to 3.2 acre-

feet per acre, rather than the modeled regional average of 3.79 acre-feet per acre, regional 

ET losses are roughly 38,000 acre-feet per year smaller than in the Base Case model.  This 

change would reduce the mean annual Compact Debit from 39,600 acre-feet per year to 

1,600 acre-feet per year, not including the 71,000 acre-feet per year of lagged groundwater 

impacts to the river which have net yet been realized in the Year 2000 Base Case.  Thus, 

though reducing assumed riparian ET rates would significantly reduce the mean annual 

Compact debit predicted by the model for present development conditions, it will not 

eliminate the shift towards debit conditions that will accrue from future effects of present 

day groundwater pumping.  

4.5.3.2 Agricultural Consumptive Use Sensitivity Analysis 

For this sensitivity analysis, agricultural consumptive use has been estimated for 

the region using either the SCS modified Blaney-Criddle method, or the modified Penman 

method.  The original Blaney-Criddle method (Blaney and Criddle, 1962) calculates crop 

consumptive irrigation requirements based on air temperature, daylight, and a consumptive 

use factor for each crop considered in a particular region.  The SCS modified Blaney-

Criddle method adds a climatic factor to the consumptive use factor, separating the 

temperature factor from the crop coefficient (Soil Conservation Service, 1970).  Using the 

SCS modified Blaney-Criddle method, the USBR has calculated a weighted average 

consumptive irrigation requirement (CIR) of 2.0 acre-feet per acre for the MRGCD 

(excluding the Socorro Division) (USBR, 1995, Supporting Document 6).  Assuming an 

effective precipitation of 4.26 inches per year (50% of the 1950-2002 average precipitation 

as measured at the Albuquerque WSFO Airport meteorological station), this CIR would 

represent a consumptive use (CU) of about 2.36 acre-feet per acre per year. 
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The modified Penman method, used by the ET Toolbox to estimate potential ET, is 

a physically-based model incorporating net radiation, soil heat flux, slope of the vapor 

pressure vs. temperature curve, psychrometric constant, saturation vapor pressure, actual 

vapor pressure, air temperature and wind speed.  Using this method, the ET Toolbox 

obtains a potential consumptive use (ET rate) of 3.8 to 3.93 acre-feet per acre for the entire 

MRG region (Table 4.3).  For implementation in the Base Case model, these rates were 

scaled by 0.75 to adjust potential CU to actual CU, resulting in an effective regional ET 

rate of 2.93 acre-feet per acre.   

A sensitivity run was made using alternate agricultural ET rates derived with the 

Blaney-Criddle method.  In this analysis, for each model section, the consumptive use is 

assumed to be 2.36 acre-feet per acre (the CIR of 2.0 acre-feet per acre plus assumed 

effective precipitation calculated for agricultural acreage for that model section). 

Table 4.9 shows the Base Case and Sensitivity model inputs for agricultural CU for 

model sections 1, 2, and 3, the difference between the Base Case and Sensitivity input for 

each term and section, and the total regional difference between the Base Case and 

Sensitivity model agricultural CU.  The reduction in agricultural CU from 2.93 acre-feet 

per acre to 2.36 acre-feet per acre results in a reduction in regional agricultural CU of 

nearly 31,600 acre-feet per year, resulting in an average modeled Compact debit of 8,000 

acre-feet per year under present development conditions.   

Another factor that impacts the estimated water budget with respect to agricultural 

consumptive use is the assumed number of agricultural acres.   As noted in Section 3 of 

this report, estimates provided in USBR Crop Census Reports and in NMSU Agricultural 

Experiment Station Reports provide lower estimates than are represented in the 1992 

LUTA/Extended GIS or in the USBR ET Toolbox.  For example, if the number of irrigated 

acres is 55,000 acres, as opposed to the assumed 63,500 acres, one would calculate a 

reduced agricultural consumptive use rate.  Depending on the assumed consumptive rate, 

the Base Case water balance would improve by some amount likely in the range of 20,000 

to 25,000 acre-feet per year.  
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4.5.3.3 Additional Terms with Potentially Significant 
Uncertainty 

Several other model terms are subject to potentially large uncertainty, but unlike 

agricultural and riparian consumptive use, a means to quantify the uncertainty is lacking.  

These terms include the ungaged tributary inflow and effective precipitation.  Ungaged 

tributary inflow, as estimated for the model, averages about 28,000 acre-feet per year.  

Ungaged inflows are evaluated based on the literature and comparison with neighboring 

drainages.  Values could easily vary by 50% or more in either direction.  Effective 

precipitation averages about 50,000 acre-feet per year.  Effective precipitation is assessed 

as 50% of the measured precipitation.  Therefore, this term is known to lie between 0 and 

100,000 acre-feet per year; however, given that much precipitation falls during monsoons 

accompanied by significant run-off, it seems more likely that this term is overestimated 

than underestimated.   In both cases, the uncertainty is a significant portion of the average 

Compact Debit predicted by the model for the Base Case scenario.  However, as for the 

agricultural and riparian CU sensitivity results, even if the ungaged tributary inflow and 

effective precipitation were found jointly to contribute enough water to compensate for the 

average Compact debit found for the Base Case scenario, 71,000 acre feet per year of 

lagged groundwater impacts will remain to be satisfied in the future. 

4.5.4 Discussion 

Base Case and Sensitivity model results presented in this section indicate that water 

demands in the Middle Rio Grande region currently exceed the available renewable water 

supply by a minimum of 71,000 acre-feet per year (pumping withdrawals that are not yet 

impacting the river), and perhaps by as much as 110,600 acre-feet per year.  Without either 

active management or significant changes in supply or demand, New Mexico is unlikely to 

meet its Compact obligations in future years. 

However, regional and state-wide assessment of and planning for water usage into 

the future are currently being conducted with the goal of addressing both any currently 

existing water shortfall and providing water for future growth.  Section 5 reviews the 

regional water plans submitted by the Socorro-Sierra and Middle Rio Grande Planning 

Regions to the ISC in 2003. 
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5.0 REGIONAL WATER PLANNING ALTERNATIVES 

A key element of the Middle Rio Grande Water Supply Study, Phase 3, involves 

providing technical support to the Middle Rio Grande Planning Region (MRGPR) and the 

Socorro-Sierra Planning Region (SSPR) in evaluation of their respective regional water 

planning alternatives (Planning Region boundaries shown in Figure 5.1).  This technical 

support includes assisting the regions in interpretation of hydrology and water resources 

relevant to their planning region, and evaluation of water supply alternatives developed by 

the regions, particularly with respect to overall basin-wide water supply and Rio Grande 

Compact limitations. 

SSPA was also charged with reviewing and incorporating the Jemez y Sangre 

Planning Region (JySPR) water planning alternatives (Jemez y Sangre Water Planning 

Council, 2003) into the joint regional planning alternatives assessment.  Accordingly, the 

publicly available water plan documents were reviewed, and the estimated hydrologic 

impact of implementation of the water plan incorporated into a joint analysis of the 

regional water plans for the MRGPR, SSPR, and JySPR. 

This section describes the analyses conducted of alternatives posed separately by 

the MRGPR and the SSPR, and joint evaluation of the combined alternatives from the 

MRGPR, the SSPR, and the JySPR.  The analyses utilize the probabilistic water budget 

model described in Section 4, with modifications as needed to evaluate the proposed 

alternatives.  Preliminary supporting work has been provided to the MRGPR and SSPR 

periodically as they have worked to develop their alternatives.  Supporting documentation 

produced during the alternative development period, where applicable, is cited in the 

discussion and is provided in Appendices G and H of this report.  

It should be noted that, in presenting and analyzing the regional water planning 

alternatives, the alternatives, as provided by the regional planning groups, were interpreted 

into hydrologic impacts based on assumptions and procedures consistent with this Water 

Supply Study.  This analysis was performed to allow for meaningful comparison between 

current conditions and future conditions under implementation of the regional water plans.  

This analysis does not address the feasibility of the proposed planning alternatives, nor 

does it serve as recommendation or approval of the proposed plans. 
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5.1 Middle Rio Grande Planning Region 

The Middle Rio Grande Planning Region (MRGPR) encompasses Bernalillo, 

Valencia, and Sandoval counties, and is home to 39% of the New Mexico population.  

Municipal water demands compete with agricultural and riparian demands for a limited 

supply of water, drawn from the Rio Grande directly and from the underlying aquifer.  

Regional demand already exceeds the renewable supply, and without implementation of a 

plan for water management and conservation, the condition will only become more acute. 

5.1.1 Background and Summary of the Middle Rio Grande Planning 
Region Preferred Scenario 

In September of 2003, the Middle Rio Grande Planning Region (MRGPR) finalized 

a “Preferred Scenario” of water planning alternatives (Middle Rio Grande Water Assembly 

and Middle Rio Grande Council of Governments, 2003).  Of the many alternatives within 

the preferred scenario, 16 alternatives have the potential to impact the regional water 

budget.  These alternatives are: 

1. A-1 Bosque Management 

2. A-7 Agricultural Metering – applies specifically to surface water 
flows 

3. A-9 Conveyance Systems – lining of MRGCD and acequia canals 

4. A-10 Irrigation Efficiency – laser-leveling, drip irrigation, aggregate 
small farms 

5. A-18 Urban Conservation – via public awareness campaigns 

6. A-21 Urban Water Pricing – price water to optimize conservation 

7. A-22 Conservation Incentives – subsidies to adopt water efficient 
technologies 

8. A-24 Reuse Greywater 

9. A-27 Reuse Treated Effluent 

10. A-36 Create Constructed Wetlands 

11. A-39 Desalination 

12. A-44 Rainwater Harvesting – using rooftop collection systems 

13. A-45 Reservoir Management – move storage to upstream reservoirs  

14. A-46 Aquifer Storage and Recovery Programs 

15. A-66 Watershed Management Plans – includes forest thinning 

16. A-69 Importation of Water 
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In addition to these 16 alternatives, two assumptions were made by the MRGPR in 

their evaluation of the Preferred Scenario that have significant impact on regional 

hydrology: 

a. That the City of Albuquerque’s San-Juan Chama Drinking Water Project 
will come on line in 2006; 

b. That 25% of the agricultural land in the MRG Planning Region (Cochiti 
Dam to the Valencia-Socorro County Line) will go out of production by 
2050. 

For the evaluation of the alternatives identified above, the following analyses were 

performed: 

• Quantitative Hydrologic Assessment of Alternatives:  The impact of 
implementation of each planning alternative, or set of related planning 
alternatives, on the water budget was quantified.  Assumptions made in this 
exercise are described.  

• Preparation of Alternatives:  Planning alternatives were evaluated to 
establish sensitivities and relationships between alternatives and between 
alternatives and other model parameters, with attention paid to how these 
sensitivities and relationships impact water consumption.  

• Model Set-Up and Analyses: Modifications were made to the basin-wide 
probabilistic water budget model to reflect the proposed alternatives.  
Results are provided in the context of the regional water supply and include 
impacts on the ability to meet Compact obligations. 

• Evaluation of Regional Water Budget Terms and their Variation:  The 
regional water budget was evaluated as a subset of the basin-wide water 
budget to facilitate a comparison of supply and demand in the planning 
region.  The various alternatives are described in terms of how they impact 
the regional water inflows (and outflows) and variations of these flows.   

For this analysis, the downstream flow requirements (Compact obligation and 

anticipated Elephant Butte losses) were removed upfront from the upstream inflow to the 

study area.  With this methodology, the adjusted “inflow” to the MRGPR can be 

conceptualized as the Rio Grande flow at Otowi Gage, minus Compact obligation and 

Elephant Butte losses, plus inflows occurring between Cochiti Reservoir and the Valencia-

Socorro county line.  Though from a geographical or physical point of view some would 

characterize this quantity as supply to the Middle Rio Grande Planning Region (with a 

portion of this “supply” destined for the Socorro-Sierra Planning Region), the validity of 

claims to such waters are subject to state laws of appropriation and the right to use waters 
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will not strictly coincide with physical areas of inflow.  The identification of regional water 

inflow in this report is described solely from a physical viewpoint.   

5.1.2 Hydrologic Assessment of Alternatives 

Information on how the Preferred Scenario alternatives are assumed to impact 

regional supply and demand is not clearly quantified within the Water Plan for all 

alternatives.  The draft final MRGPR Water Plan (Middle Rio Grande Water Assembly 

and Middle Rio Grande Council of Governments, 2003) notes “discussion, compromise, 

and eventual agreement focused directly and exclusively on the textual description of the 

draft Preferred Scenario, rather than numerical analysis of its implications.”  The effects of 

many individual alternatives are only given as percentage reduction of total demand, 

without projected future total demand specified, are given as a range, or are not given at 

all.  The impact of full implementation of the Preferred Scenario, including the two 

assumptions above, is assessed by the MRGPR using the Middle Rio Grande model 

developed by the Planning Region’s Cooperative Modeling Team in conjunction with 

Sandia National Laboratories.  However, in the Water Plan document, no information is 

provided on the impacts of individual alternatives as modeled; only model results for full 

implementation of the Preferred Scenario are presented.  A second, sensitivity model run 

was also conducted, varying how a sub-set of the proposed alternatives within the 

Preferred Scenario was implemented.  Again, results are only presented in aggregate.   

For analysis here, the impact of individual alternatives, or sets of alternatives, was 

independently derived.  When possible, the values used in the Water Plan for individual 

alternatives were obtained and are included in the discussion of each alternative.  When a 

quantitative assessment of an alternative was unavailable or unclear in the Water Plan 

document, significant research went into deriving reasonable values to use.  In some cases, 

this involved working with the modeling team from Sandia National Laboratory (the 

Sandia team worked closely with the MRG Water Assembly and provided modeling 

support for water plan development) to disaggregate the impact of sets of specific 

alternatives from the generalized modeling results.  The tables below summarize the 

derived effects of the proposed alternatives on supply and demand.  Full implementation of 

the MRGPR Preferred Scenario includes implementation of all of the supply and demand 

changes listed. 
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MRGPR Proposed Changes to Present Supply 

Proposed action Change in supply 
Importation of desalinated water Increase of 22,500 af/year 
Transfer of water among existing demands 
     In-region riparian to M&I 

Shift between uses, 17,000 
af/year 

Transfer of water among existing demands 
     Out-of-region riparian to M&I 

Shift between sections, 
17,500 af/year 

Transfer of water among existing demands 
     In-region agricultural to M&I 

Shift between uses, 32,665 
af/year 

Transfer of water among existing demand 
     Out-of-region agricultural to M&I 

Shift between sections, 
21,375 af/year 

Forest thinning Increase of 5,000-15,000 
af/year 

Transfer of water among existing supplies: 
City of Albuquerque use of SJC water and river carriage 
water to replace groundwater pumping 

Shift in point of diversion, 
89,000 af/year 

Wastewater returns to river Increase of 41,351 af/year 
Groundwater pumping depletions, City of Albuquerque Reduction of 315 af/year 
Groundwater pumping depletions, outside City of 
Albuquerque Increase of 31,556 af/year 

Groundwater mining (pumping depletions not yet impacting 
river), City of Albuquerque Reduction of 32,437 af/year 
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MRGPR Projected Demands under Implementation of the Preferred Scenario 

 
MRGPR Assumptions for 
Change in Water Use by 

2040 

Resulting Change in 
Consumptive Demand (40-year 

projection) 

Regional M&I 
Decrease in daily per capita 
usage, superimposed on 
projected population growth 

Total increase in regional surface 
water impact of 78,890 af/y11 

Agriculture, within 
planning region 

25% reduction in acreage 
(11,073 acres of non-Pueblo 
land taken out of production) 

Reduction in crop CU of 32,618 
af/year 

Agriculture, within 
planning region 

5% decrease in CU resulting 
from efficiency improvements, 
applied to remaining 75% of 
acreage 

Reduction in crop CU of 4,893 
af/year 

Agriculture, 
outside planning 
region 

7,500 acres of Socorro-Sierra 
agricultural acreage retired12 

Reduction in crop CU of 21,375 
af/year 

Riparian, within 
planning region 

Restoration of 17,000 acres of 
native bosque 

Reduction in riparian CU of 
17,000 af/year 

Riparian, outside 
planning region 

Restoration of 17,500 acres of 
native bosque 

Reduction in riparian CU of 
17,500 af/year 

 

The analyses summarized in these tables are presented in more detail below. 

5.1.2.1 A-1 Bosque Management: 

Under this alternative all 17,000 acres of Bosque lying between the levees 

bordering the Rio Grande and extending from Cochiti Dam to the Valencia-Socorro county 

                                                 
11 Includes: change in river depletions resulting from changes in groundwater pumping; direct surface 
withdrawal of surface water (both native and SJC) via the City of Albuquerque Drinking Water Project; 
increased regional M&I use outside the City of Albuquerque boundaries; and increased wastewater returns 
resulting from greater M&I diversions.  Does not include groundwater depletions not yet impacting the river. 
12 Retired acreage in Socorro-Sierra is quantified only in Section 9.4, the modeling of the Preferred Scenario, 
and is accompanied by the caveat “The assumptions by the evaluators… are for purposes of example only”.  
In the text description of the Preferred Scenario, retired acreage is not specified; instead it is noted, “The 
scenario also assumes that surface water rights will continue to be purchased from agricultural use in 
[Socorro and Sierra] counties, reducing agricultural acreage.” (Middle Rio Grande Water Assembly and 
Middle Rio Grande Council of Governments, 2003)  Lacking any other quantification, we have assumed the 
value of 7,500 acres presented in Section 9.4 of the Water Plan. 
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line will be restored by clearing non-native vegetation and replacing it with native 

vegetation.   

The MRGPR Preferred Scenario assumes a 1 acre-foot per acre reduction in 

riparian consumptive use for each restored acre (Middle Rio Grande Water Assembly and 

Middle Rio Grande Council of Governments, 2003). 

5.1.2.2 Agriculture 

• A-7 Agricultural Metering 
• A-9 Conveyance Systems 
• A-10 Irrigation Efficiency 
• Retirement of 25% of planning region agricultural acreage 

The Preferred Scenario proposes that neither total crop acreage nor crop type be 

altered.  However, it also notes that “there is likely to be a 25-30% reduction in irrigated 

acreage by 2050” (Middle Rio Grande Water Assembly and Middle Rio Grande Council of 

Governments, 2003), and a 25% reduction in agricultural acreage is included in the 

MRGPR modeling of the Preferred Scenario (Middle Rio Grande Water Assembly and 

Middle Rio Grande Council of Governments, 2003).  Consequently, a 25% reduction in 

agricultural acreage is assumed for probabilistic modeling of the Preferred Scenario in this 

study.  This results in a reduction in model section 1 agricultural consumptive use of 

32,618 acre-feet per year (from 130,473 acre-feet per year to 97,855 acre-feet per year).   

Alternatives A-7, A-9, and A-10 include improvements in agricultural and 

conveyance efficiency though: irrigation scheduling, metering, on-farm laser leveling of 

fields, and lining of ditches.  These changes, though they have the potential to significantly 

reduce required river diversions, reduce canal seepage, and reduce on-farm water 

requirements (see discussion in Socorro-Sierra alternatives analysis, Appendix H), will 

have only a small impact on crop consumptive use, the variable modeled in the basin-wide 

probabilistic water budget model13.  The combined proposed changes in alternatives A-7, 

A-9 and A-10 have the potential to reduce evapotranspiration from vegetation along the 

canals and drains, eliminate incidental evaporative losses from puddles in non-laser leveled 

                                                 
13 The water budget model operates on the premise that water “lost” to canal seepage and on-farm seepage is 
returned to the surface water system; it either flows into the drains and is returned directly, or flows to the 
shallow-groundwater system, which is in effective hydraulic connection with the river/drain system (physical 
connection is present over sufficient reaches that this mass balance is preserved, although local areas of 
disconnection may result in some lag time for returns to the stream system).   
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fields, and reduce evaporation from water surfaces in the canals and drains.  Metering 

could reduce over-watering by weekend farmers and sub-urban users.  In the analysis of 

the regional water budget, these are relatively small terms; the combined impacts of 

implementation of Alternatives A-7, A-9 and A-10 are estimated at 5% of the MRGPR 

agricultural consumptive use14.  This reduction in CU, when applied to the remaining 75% 

of the MRGPR acreage, results in an additional reduction in CU of 4,893 acre-feet per 

year.   

Total model agricultural CU for section 1, the MRGPR, under implementation of 

the Preferred Scenario is therefore 92,962 acre-feet per year, a reduction of 37,511 acre-

feet per year from the Base Case section 1 agricultural CU. 

5.1.2.3 Urban Water Usage and Conservation 

• A-18 Urban Conservation 
• A-21 Urban Water Pricing 
• A-22 Conservation Incentives 
• A-24 Reuse Greywater 
• A-27 Reuse Treated Effluent 
• A-44 Water Harvesting 
• Implementation of the City of Albuquerque SJC Drinking Water Project 

These six alternatives, plus implementation of the City of Albuquerque’s San Juan-

Chama Drinking Water Project, are focused primarily on promoting urban water use 

efficiency, increasing water conservation, and reducing municipal groundwater pumping 

through use of surface water flows.   

Urban conservation assumptions made in the Preferred Scenario are ambitious:  

• 80% of existing and all new properties will use low flow showerheads, 
sinks, toilets, and clothes washing machines;  

• 30% of existing and all new construction will be landscaped with 
xeriscaping;  

• 25% of existing and all new homes will collect water through rooftop rain 
harvesting;  

• 5% of existing and all new homes will re-use greywater on-site;  
• There will be a 5% reduction in commercial landscaped acreage,  

                                                 
14 Value based on analyses made for, and presented in a technical memorandum to, the Socorro-Sierra 
Planning Region, on March 7, 2003, revised upward to take into account incidental depletions not previously 
quantified.  The same analyses are applicable to the MRG Planning Region.  The March 7th memorandum is 
included in Appendix H. 
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• Growth rate of water use for parks and golf courses will drop to 20% of the 
current growth rate. 

Quantitative assessment of the impact of these alternatives is unavailable or unclear 

as presented in Chapter 8 of the Middle Rio Grande Regional Water Plan (Middle Rio 

Grande Water Assembly and Middle Rio Grande Council of Governments, 2003).  We 

consulted with the Water Plan Action Committee Chair and were advised to use results 

from the Middle Rio Grande model as the quantitative assessment of implementation of the 

alternatives (Bob Wessely, February 2 2004, personal communication).  Accordingly, 

impact of the combined urban conservation alternatives has been derived from the MRG 

model with the assistance of the Sandia modeling team.  As represented in the MRG 

model, in the year 2040 implementation of the 6 alternatives impacting M&I demand and 

CU results in a daily per capita use of 130 gallons, with wastewater returns assumed to be 

50% of demand, or 65 gallons per person per day. 

The MRGPR notes in the water plan (Section 9.4.1) that “Several of the plan 

objectives identified there may prove very difficult to achieve in reality.  As a sensitivity 

check on the example results, these objective values were adjusted to potentially more 

achievable targets…”.  Results of this sensitivity check are presented in the Water Plan 

Sensitivity analysis, where, among other changes, urban conservation goals are 

significantly reduced.  However, even under these reduced goals, daily per capita M&I 

usage, as represented in the Middle Rio Grande sensitivity run, remains very low, at 138 

gallons per capita per day. 

A per capita use of between 130 and 138 gallons per day by Year 2040 appears 

optimistic.  Current per capita water use in the City of Albuquerque is 204 gallons per day, 

and water use goals set forth by the City of Albuquerque are 150 to 175 gallons per capita 

per day.  The City of Santa Fe Year 2000 per capita water use was 143 gallons per day 

(O’Hare, 2000).  In the City of Albuquerque Drinking Water Project Draft EIS (City of 

Albuquerque, 2002), the City assumes that municipal demand will continue to drop in 

response to conservation incentives until it plateaus at 175 gallons per capita per day in 

200615.   In implementing the MRGPR Preferred Scenario, we have assumed a water usage 

 
15 In the Findings and Order issued by the State Engineer’s Hearing Examiner in 2004 concerning the City of 
Albuquerque Drinking Water Plan Application, it was noted that “the City should be able to achieve a water 
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of 175 gallons per capita per day as proposed in the City of Albuquerque Drinking Water 

Plan Draft EIS.   

Future municipal water use by the City of Albuquerque has been analyzed by the 

City and is presented in their Drinking Water Project (DWP) Draft EIS.  The City’s 

proposed pumping under implementation of the DWP has been modeled by Bexfield and 

McAda (2003) using the USGS 2002 Albuquerque Basin Groundwater model.  Bexfield 

and McAda use the City’s proposed climate scenario, pumping rates, population 

projections, and conservation goals to model the resulting regional groundwater impacts.  

Bexfield and McAda do not, however, include any projections for water use outside the 

City limits, instead keeping municipal pumping outside the City at Year 2000 values.  The 

Bexfield and McAda model is used to assess changes in groundwater pumping by the City 

of Albuquerque. 

Outside the City limits, we have assumed per capita use will drop from current 

average values of about 200 gallons per day to 150 gallons per day by the year 2010.  The 

smaller per capita usage outside the City is based on the observation that some neighboring 

communities already have relatively low water usage (Rio Rancho water use is 171 gallons 

per capita per day (City of Rio Rancho Department of Utilities website)), and that as a 

whole, these newer communities may have a higher likelihood of quickly moving to 

xeriscaping and incorporating low-water fixtures in existing and new development.   

Increases in M&I demand by municipalities within the MRGPR but outside the 

Albuquerque city limits are included as a static depletion term representing additional 

demand in excess of Year 2000 pumping.  This additional demand is calculated based on a 

daily per capita usage of 150 gallons and population projections made by the University of 

New Mexico Bureau of Business and Economic Research (website, see reference list).  

Wastewater returns to the river are assumed to be 50% of the Year 2040 additional 

demand.  Calculations for both these terms are shown in Table 5.1.  As a conservative 

measure, the additional demand is included as a static term impacting the river by 100%.  

For the additional demand outside of the City of Albuquerque, lagged impacts on the river 

are not calculated via the groundwater model in recognition that it is unknown whether 

 
usage level of 155 gpcpd or less”, and the City was charged with working toward meeting this goal within 
twenty years. (New Mexico State Engineer, July 2004).  

67 



e S.S. PAPADOPULOS & ASSOCIATES, INC. 

 
 
demands will be met with surface or groundwater, and if groundwater, where wells will be 

situated. 

In assessing per capita use, wastewater returns to the river of 50% are maintained, 

as was done by the City in the DWP Draft EIS, and as was done by the MRGPR in the 

Water Plan modeling.  However, the assumption of 50% wastewater returns is inconsistent 

with the planned conservation measures.  If greywater and wastewater reuse become more 

widely utilized, demand will remain unchanged but wastewater returns to the river will be 

reduced.  

5.1.2.4 A-36 Wetlands 

Alternative A-36 calls for the creation of constructed wetlands for groundwater 

recharge, water harvesting, habitat improvement, and hydrologic management of the Rio 

Grande.  Additionally, wetlands could be used as an alternative method for treatment of 

sewage and other forms of greywater.  Implementation of this alternative would almost 

certainly result in increased consumptive use through evaporation.  The magnitude of the 

evaporative loss would be a function of the surface area of the wetlands.   

Any creation of wetlands would require permitting from the State Engineer, who 

requires that any increase in consumptive use be offset by acquisition and transfer of water 

rights.  Consequently, the net effect of this alternative will be no change to the planning 

region’s consumptive use; it is therefore not included in the probabilistic model. 

5.1.2.5 A-39 Desalination 

Alternative A-39 focuses on utilizing technological advances for treating deep 

saline and brackish water for use in the region.  Utilized water would come from saline 

formations not hydrologically connected to the Rio Grande.  The Middle Rio Grande 

Regional Water Plan assumes that desalination will come fully on-line within 30 years, 

resulting in a firm yield of 22,500 acre-feet per year of additional water available to the 

region, with lesser amounts of water available within 20 years.  This alternative is 

implemented in the probabilistic model as a static supply term of 22,500 acre-feet per year. 

5.1.2.6 Reservoir storage 

• A-45 Reservoir Management 

68 



e S.S. PAPADOPULOS & ASSOCIATES, INC. 

 
 

• A-46 Aquifer Storage and Recovery Programs 

Implementation of alternatives A-45 and A-46 would reduce evaporative water 

losses from Elephant Butte Reservoir by storing water in upstream reservoirs or 

underground via aquifer storage and recovery.  Quantification of loss is a function of 

where the water is stored.  Water stored in the aquifer may undergo some losses in the 

storage process depending on how it is introduced to the aquifer (injection, arroyo 

recharge, recharge basins, etc.), and the ability to fully recover the stored water will depend 

on numerous factors.  However, stored water will experience no evaporative losses during 

storage.  Water stored in upstream reservoirs will experience reduced reservoir evaporative 

losses as compared to the losses that would be incurred were the water stored in Elephant 

Butte.  Both alternatives may incur transportation losses in excess of those that would have 

occurred during normal delivery to Elephant Butte Reservoir depending on how and when 

the water is conveyed to the reservoir for delivery to Texas, and both alternatives will incur 

additional losses due to riparian colonization of the exposed portions of Elephant Butte 

Reservoir. 

Changes involving reduction of water in Elephant Butte storage are outside the 

jurisdiction of the planning region; and, depending on the nature of the alternative, may 

require action by the State of New Mexico or the Rio Grande Compact Commission.  For 

these reasons, this alternative is not included in the probabilistic evaluation of the Preferred 

Scenario.   

5.1.2.7 A-66 Watershed Plans 

Alternative A-66 calls for forest thinning in regions where annual precipitation is in 

excess of 20 inches per year.  The MRGPR estimates the increase in run-off from this 

thinning to be 5,000 to 15,000 acre-feet per year for thinning of 30 to 70% of the eligible 

area.  However, concrete details on implementation of this plan are lacking.  A specific 

acreage to be thinned, the degree to which it will be thinned, and the likely increase in 

useable runoff are not specified.  The MRGPR did not incorporate this alternative in their 

modeling of the Preferred Scenario as presented in the December 2003 Water Plan.  

Following the Planning Region’s lead, this study does not incorporate additional supply 

from forest thinning into the probabilistic evaluation of the Preferred Scenario. 
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5.1.2.8 A-69 Importation of Water 

Alternative A-69 proposes to remove non-native phreatophytes from 17,500 acres 

of bosque in Socorro and Sierra counties and re-vegetate with native species, and to 

purchase surface water rights from agricultural use in those counties, reducing agricultural 

acreage.  In the MRG model settings, retired agricultural acreage is set at 7,500 acres; in 

the sensitivity analysis retired acreage is set at zero in recognition of the Socorro County 

Commission directive precluding export of water.   

Consistent with the MRGPR scenario, this evaluation represents the retirement of 

7,500 acres of agricultural land in Socorro-Sierra in the probabilistic model, resulting in a 

reduction in section 3 agricultural CU of 21,375 acre-feet per year, from 38,490 to 17,115 

acre-feet per year.  Restoration of the Socorro-Sierra bosque is modeled as a reduction in 

section 3 riparian ET of 17,500 acre-feet per year (1 acre-foot per acre reduction in ET). 

5.1.3 Modification of the Water Budget Model for Alternatives 
Analysis 

The probabilistic water budget model, as discussed previously, uses development 

conditions for the present or a selected future time, and analyzes how the historically 

available water supply meets demands under those development conditions.  In this 

analysis, the MRGPR Preferred Scenario is evaluated under assumed Year 2040 

development conditions.  The Preferred Scenario alternatives that have the potential to 

impact the regional water budget, and the corresponding change to water budget terms as 

modeled in this analysis are summarized in Table 5.2, and described in further detail 

below. 

The following changes were made to the probabilistic water budget model to 

simulate implementation of the MRGPR Preferred Scenario: 

1. A new inflow term was added to represent inflow to the region resulting 
from desalination. 

2. Riparian and agricultural consumptive use terms were adjusted as needed to 
represent the Preferred Scenario alternatives. 

3. A new depletion term was added to represent City of Albuquerque surface 
water diversions for municipal use. 

4. Section 1 river depletions from pumping were calculated using the USGS 
2002 Albuquerque Basin groundwater model. 
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5. A new depletion term was added to represent MRGPR non-City of 
Albuquerque additional municipal use in excess of Year 2000 use. 

6. Section 1 wastewater returns were adjusted to include increased returns 
resulting from increase in population. 

Within the probabilistic model, the agricultural CU, riparian ET, inflow from 

desalination, Section 1 groundwater pumping depletions, and Section 1 wastewater returns 

terms required modification to represent implementation of the planning alternatives; all 

other terms remained as for the Base Case run.  For desalination, a new, constant inflow 

term was added to the model.  For riparian ET changes resulting from the Bosque 

Management and Importation of Water alternatives, new static terms were used for 

sections 1 and 3.  For both desalination and the riparian ET changes, since they are 

included in the model as static values no model run is required to evaluate these changes; 

evaluation of the alternative can be made by adjusting the MRGPR inflow, demand, and 

resulting outflow by the acre-feet per year changes resulting from the alternatives.   

Agricultural CU in the model varies with available inflow, and is satisfied by 

available inflow only after open water evaporation and riparian ET have been filled.  

However, the combined impact of Alternatives A-7, A-9, A-10, a 25% reduction in section 

1 agricultural acreage, and a 7,500 acre reduction in section 3 agricultural acreage are all 

modeled as static changes.  In the Base Case model run, agricultural CU is limited by 

water availability only below the 5th percentile.  Given the relative frequency with which 

agricultural CU is supply limited, a modification to the algorithm of variability under the 

alternative would provide little benefit to the analyses.  Therefore, as for desalination and 

riparian ET changes, evaluation of the impact of agriculture changes can be made by 

adjusting the MRGPR demand and the resulting MRGPR outflow by the acre-feet per year 

changes resulting from the alternatives.   

Urban conservation (alternatives A-18, A-21, A-22, A-24, A-27, and A-44) and 

implementation of the City of Albuquerque Drinking Water Project are incorporated into 

the probabilistic model via the Section 1 wastewater returns, Section 1 groundwater 

pumping depletions, Section 1 2000 to 2040 additional demands outside Albuquerque, and 

Section 1 Albuquerque river diversion terms.  Wastewater returns are calculated as the sum 

of: 

71 



e S.S. PAPADOPULOS & ASSOCIATES, INC. 

 
 

• Projected Year 2040 City of Albuquerque wastewater returns as presented 
in the SJC DWP Draft EIS; 

• Year 2000 MRGPR wastewater returns for municipalities other than the 
City of Albuquerque; 

• 50% of the additional 2000 to 2040 non-City of Albuquerque municipal 
demand. 

Section 1 groundwater pumping depletions are obtained from the USGS 2002 

Albuquerque Basin groundwater model as applied by Bexfield and McAda (2003).  The 

Bexfield-McAda model is based on the USGS 2002 Middle Rio Grande Basin 

groundwater model.  Bexfield and McAda model the City’s projected pumping through 

2040 under both implementation of the San Juan-Chama Drinking Water Project, and non-

implementation of the project (demands met through groundwater pumping) by using the 

City’s annual proposed pumping rates presented in the Draft EIS.  The Bexfield-McAda 

model includes the assumptions made in the Draft EIS: a) that per capita use is 175 gallons 

per day; b) that the City’s annual population growth ranges from 1.7 to 1 percent per year, 

dropping over time; c) that inflows follow a prescribed climate pattern; and d) that regional 

groundwater pumping outside the City remains at year 2000 rates.   

For inclusion in the Water Supply Study analysis presented here, an additional term 

was required to address increases in M&I pumping between 2000 and 2040 in the MRGPR 

outside the Albuquerque city limits in response to population growth and conservation 

measures.  Only the increase in demand between 2000 and 2040 is required since current 

groundwater withdrawals in these regions are incorporated in the Bexfield-McAda model.  

Additional 2000 to 2040 withdrawals were calculated using population estimates from the 

University of New Mexico Bureau of Business and Economic Research (website).  

Demand is obtained by multiplying the resulting population projections by a decreasing 

per capita use, ranging from 200 gallons per person per day to 150 gallons per person per 

day over the period 2000 to 2010, with rates held constant at 150 gallons per person per 

day from 2010 through 2040.   

The Bexfield-McAda model results were verified for the historic period, and the 

model run for the 2000 to 2040 period for no-pumping and implementation of the DWP 

scenarios.  Model output was analyzed to derive the data needed for input into the 

probabilistic model.  In extracting data from the groundwater model for use in the 

probabilistic model, data from the 2040 irrigation and non-irrigation seasons were time-
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averaged to provide an average value for Year 2040 conditions.  Due to the assumed 

schedule of decreased groundwater withdrawal under the DWP, river depletions in the 

Year 2040 are not substantially different from levels seen at present.  However, it should 

be noted that river depletions under the DWP do not reach steady-state levels by 2040 and 

will continue to increase beyond 2040.  Further details on the groundwater analysis are 

given in Appendix E. 

The Section 1 Albuquerque River Diversion term is set at a static value of 89,000 

acre-feet per year, corresponding to the average river diversion proposed by the City in the 

City of Albuquerque DWP Draft EIS for the years 2006 through 2040.  In the Draft EIS, 

river diversions are varied in response to a pre-determined climate scenario, with 

diversions of 96,968 acre-feet per year being made in years when the water is available.  

However, since the climate scenario incorporates several droughts between 2006 and 2040, 

average river diversions for this period fall below the maximum proposed diversion.  The 

City’s proposed pumping schedule, used in the Bexfield-McAda model, incorporates 

increased pumping to compensate for reduced river diversions in drought years.  The 

proposed pumping and river diversion schedules for Years 2000 through 2040 as provided 

by the City in their draft EIS, and as incorporated into the Bexfield-McAda model, are 

presented in Appendix E, Table E-2.  

5.1.4 Results of Quantitative Evaluation of Middle Rio Grande 
Planning Region Alternatives 

As for the Base-Case scenario described in Chapter 4, the probabilistic model was 

run for 10,000 realizations.  For each realization, water budget values were drawn from the 

probability distribution or otherwise specified value for that term.  Water budget results are 

presented for both the Base-Case and under the Year 2040 MRGPR Preferred Scenario.  

All flows terms are presented as net available water (water available for depletion by the 

MRGPR and SSPR), with Compact deliveries and Elephant Butte Losses removed. 

Table 5.3 shows the average, 10th percentile, and 90th percentile values calculated 

by the Base Case model for several water supply and demand terms, including adjusted 

inflow into each model section, depletions by model section, and outflow for the MRGPR 

and SSPR.  Table 5.4 shows the average, 10th percentile, and 90th percentile values for 

various inflow and depletion terms under full implementation of the MRGPR Preferred 
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Scenario.  Comparison of modeled distributions under the Base Case and Preferred 

Scenarios (results under the Socorro-Sierra Planning Region Water Plan alternatives are 

also included – these are discussed in Section 5.2) for several for these terms are shown in 

Figures 5.2 – 5.716.  These comparisons are provided for general illustrative purposes, but 

it should be recognized that one might debate the best way to structure such comparisons 

given that lagged groundwater depletions are a function of the point in time chosen for the 

comparison.  In these illustrations, the Base Case is represented with groundwater 

depletions as simulated for Year 2000.  If the Base Case comparison were premised on 

groundwater depletions occurring at a future point in time, the depletions would be greater 

due to lagged impacts.  For example, referencing lagged groundwater depletions to the 

Year 2040 would increase the Base Case depletions by about 24,250 acre-feet per year.  

The simulated change in lagged depletion over time is described in detail in Appendix E. 

Figure 5.2 shows the Section 1 inflow.  Regional inflow under the MRGPR 

Preferred Scenario is greater than in the Base Case scenario by 64,000 acre-feet per year 

due to the increase in wastewater returns and desalination inflow.  Modeled Section 1 

depletions, shown in Figure 5.3, are also increased from the Base Case scenario by nearly 

66,000 acre-feet per year.  Though there are significant decreases in Section 1 agricultural 

and riparian consumptive use, they are more than consumed by increased Section 1 

municipal uses.  For Section 1, the net result of the Preferred Scenario is a slight decrease 

(by 2,000 acre-feet per year) in Section 1 outflow (Figure 5.4) and corresponding Sections 

2 and 3 inflow (Figure 5.5).  Under the Preferred Scenario, Sections 2 and 3 depletions are 

reduced from the Base Case Scenario (Figure 5.6) by nearly 39,000 acre-feet per year, 

resulting in an improved Credit/Debit status.  Under the Preferred Scenario, the average 

debit is –2,700 acre-feet per year, rather than the Base Case average debit of –39,600 acre-

feet per year (Tables 5.3 and 5.4).  As can be seen in Figure 5.7, Compact Credit/Debit 

under the Preferred Scenario in Year 2040 shifts to negative below the 50th percentile, 

indicating that, on average, New Mexico would be meeting it’s Compact obligations.  

However, as for the Base Case analysis, municipal pumping creates lagged groundwater 

impacts on the river.  Groundwater impacts that have not yet been manifested as stream 

 
16 Note that the 50th percentile value shown on the figures corresponds to the median value of the distribution, 
not the average.  Consequently, average water budget values shown in Tables 5.3 and 5.4 will not always 
equal the median values shown in the figures. 
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depletion in Year 2040 are 39,900 acre-feet per year (Appendix E.2), significantly smaller 

than the Year 2000 value of 71,000 acre-feet per year, indicating that with no further 

change in water usage beyond 2040 other than that proposed, the region will still move 

into predominantly debit Compact conditions over time.   

5.2 Socorro-Sierra Planning Region 

The Socorro-Sierra Planning Region (SSPR) encompasses Socorro and Sierra 

counties, counties that straddle Elephant Butte Reservoir, the accounting point for water 

deliveries to Texas.  Since this study covers the Middle Rio Grande basin only as far south 

as Elephant Butte Dam, only those portions of the SSPR lying within the study region have 

been included in this analysis.  The water supply for Truth or Consequences and several 

agricultural communities to the south of Elephant Butte and Caballo Reservoirs is not 

addressed in this study. 

Socorro and Sierra counties have a relatively small, agriculturally based population.  

Water demand in these counties is primarily from irrigated agriculture and riparian 

communities.  Small M&I demands within this region are met through groundwater 

pumping.  Population growth in the Socorro-Sierra Planning Region between 2000 and 

2040 is projected to be 70%, resulting in an increase in demand of 5,200 acre-feet per year.  

Much of this increase will occur in areas outside the Study region covered in this work.  

Modeling assumptions for the SSPR alternatives do not incorporate increases in population 

growth and therefore development conditions are effectively timeless, applying equally to 

Year 2000 or Year 2040.  The result of this simplification may be to overestimate available 

water by up to 3,000 acre-feet per year, if increased municipal demands are not offset by 

new supply in addition to the proposed planning alternatives below. 

5.2.1 Background 

In February of 2003, the Socorro-Sierra Planning Region (SSPR) finalized a list of 

16 water planning alternatives.  Of these 16, five alternatives involved changes to the 

regional water budget and were considered amenable to analysis using tools developed 

under this study.  These alternatives are: 

1. Evaporation control through reduced water surface areas in 
engineered and natural areas 
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2. Improve efficiency of surface water conveyance systems to 
agricultural land, including irrigation scheduling, metering, and 
ditch lining or piping 

3. Improve on-farm efficiency 

4. Control brush and weeds along water distribution systems and drains 

5. Remove exotic vegetation (i.e. Salt cedar, Russian olive) on wide 
scale 

Other alternatives were retained for evaluation by the SSPR and are not discussed 

in this section.  A broader discussion of alternatives considered during the development 

process and a preliminary screening evaluation of many of these alternatives is contained 

within memoranda prepared for the SSPR, dated September 23, 2002 and March 7, 2003 

(Appendix H).  The March 7, 2003 memorandum provides preliminary quantitative 

estimates that were utilized by the SSPR in refining assumptions for the final alternatives 

posed for analysis and presented herein.  Communications and review of subsequent 

preliminary analyses with the SSPR supported a process wherein some of the preliminary 

assumptions were refined to better reflect the alternatives being framed by the SSPR and to 

incorporate the local knowledge of the SSPR.  A complete discussion of the alternatives, 

including those involving institutional controls, are provided in the Socorro-Sierra 

Regional Water Plan. 

For the evaluation of the five alternatives identified above, the following analyses 

were performed: 

• Preparation of Alternatives:  Planning alternatives were evaluated to 
establish sensitivities and relationships between alternatives and between 
alternatives and other model parameters, with attention paid to how these 
sensitivities and relationships impact water consumption. Selected 
alternatives were grouped if appropriate. 

• Model Set-Up and Analyses: Modifications were made to the basin-wide 
probabilistic water budget model to reflect the proposed alternatives.  
Additional modifications were made to the model to provide results in the 
context of the regional water supply and to include impacts on Compact 
obligations. 

• Evaluation of Regional Water Budget Terms and their Variation:  The 
regional water budget was evaluated as a subset of the basin-wide water 
budget to facilitate a comparison of supply and demand in the planning 
region.  The various alternatives are described in terms of how they impact 
the regional water inflows (and outflows) and variations of these flows.   
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For this analysis, the downstream flow requirements (Compact obligation and 

anticipated Elephant Butte losses) were removed upfront from the upstream inflow to the 

study area.  With this methodology, the “inflow” to the SSPR can be conceptualized as the 

Rio Grande flow at the Socorro county line, minus Compact obligation and Elephant Butte 

losses, plus inflows occurring below the county line.  Though from a geographical or 

physical point of view some would characterize this quantity as supply to the Socorro-

Sierra Planning Region, the validity of claims to such waters are subject to state laws of 

appropriation and the right to use waters will not strictly coincide with physical areas of 

inflow.  The identification of regional water inflow in this report is described solely from a 

physical viewpoint.   

5.2.2 Hydrologic Assessment of Alternatives 

All five of the planning alternatives listed above were reviewed to assess 

hydrologic impacts on consumptive use.  Alternative 1, evaporation control through 

reduced water surface areas, was subdivided into Alternatives 1A and 1B.  Alternative 1A 

addresses reducing water surface areas and areas for potential riparian colonization in 

exposed portions of the Elephant Butte Reservoir north basin when the reservoir is at less 

than capacity.  Alternative 1B addresses reducing water surface areas elsewhere in the 

planning region.  Alternative 5 was subdivided into 3 options, A through C, based on the 

acreage of riparian vegetation removed, and the area from which it was removed.  This 

subdivision is described in more detail under Alternative 5. 

Alternative Alternative Name 

Alternative 1A Evaporation control through reduced water surface 
areas in exposed portions of the Elephant Butte 
Reservoir 

Alternative 1B Evaporation control through reduced water surface 
areas elsewhere in the planning region 

Alternatives 2, 3, and 4 Improve off-farm efficiency (includes irrigation 
scheduling, metering, ditch lining or piping) 
Improve on-farm efficiency 
Control brush and weeds along canals and drains 

Alternative 5 – A, B, and C Remove exotic vegetation on wide scale 

All Alternatives – A, B, and C Combined effects of Alternatives 1A, 1B, 2, 3, 4, and 
5A/5B/5C 
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5.2.2.1 Alternative 1A:  Evaporation Control in Exposed Areas 
of Elephant Butte Reservoir 

Alternative 1A addresses evaporation control through reduction in open water 

evaporation and riparian colonization in exposed portions of the north basin of Elephant 

Butte Reservoir when reservoir levels are low.  Drainage of a portion of the Elephant Butte 

delta and the exposed north basin is currently being undertaken by the State of New 

Mexico through construction of the Pilot Channel.  As of the spring of 2004, this effort 

appears to have successfully drained several ponded areas in the portion of the north basin 

south of Nogal Canyon, and in general has improved flow and drainage in the areas where 

the channel has been completed.  However, it appears that once areas are drained, or 

exposed by receding reservoir waters, salt cedar, and occasionally willow, colonize the 

area within about 3 months.  

In implementing the SSPR Alternative 1A, drainage of the exposed portions of the 

northern basin, we have made the following assumptions: 

• The state will complete the Pilot Channel through the north basin of 
Elephant Butte Reservoir, and will maintain the channel as long as the 
reservoir levels remain low; 

• With the Pilot Channel in place, there will be little ponded water in the 
northern basin of the reservoir; 

• In the absence of further intervention in the north basin, 90% of the exposed 
portion of the northern basin of Elephant Butte Reservoir is subject to 
colonization by riparian growth, with an evapotranspiration rate of 4 acre-
feet per acre; 

• With intervention17, only 50% of the exposed portion of the northern basin 
of Elephant Butte Reservoir is subject to colonization by riparian growth, 
resulting in a savings of 3 acre-feet per acre of water (salt cedar, at a 
consumptive use of 4 acre-feet per acre, replaced with native non-riparian 
scrub brush and grasses at a consumptive use of 1 acre-foot per acre) over 
40% of the total north basin acreage.  Total north basin acreage is 14,196 
acres (taken from DEM of reservoir – see section 4.4.5). 

In the Base Case model analysis (Section 4), riparian evapotranspiration from the 

north basin area of Elephant Butte is included in the Elephant Butte Losses term.  For the 

                                                 
17 “Intervention” could be in the form of salt cedar removal and replacement with native riparian vegetation, 
or in the form of active drainage projects (i.e. lowering the Pilot Channel at the northern end of the reservoir 
so as to lower the water table in the area, potentially reducing riparian habitat).  For implementation here, we 
assume “intervention” is in the form of active drainage projects. 
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Base Case it is assumed that evapotranspiration losses occur on 90% of the exposed 

portion of the north basin.  An alternate distribution was calculated for Alternative 1A 

under the assumption that intervention reduces evapotranspiration losses by 3 acre-feet per 

acre over 40% of the exposed north basin area, while 50% of the exposed north basin area 

continues to experience 4 acre-feet per acre of evapotranspiration.   

5.2.2.2 Alternatives 1B: Evaporation Control Through Reduced 
Water Surface Areas Elsewhere in the Planning Region 

In implementing the SSPR Alternative 1B, evaporation control through reduced 

water surface areas elsewhere in the planning region, the following assumptions are made: 

• Open water acreage below the Socorro county line and the north end of 
Elephant Butte Reservoir is 6,344 acres; 

• 10% of the open water acreage, or 634 acres, could be converted to native 
bosque; 

• Open water evaporation for this area is 5.6 acre-feet per acre (average 
annual ET Toolbox ET rate for open water for the Bernardo to San Acacia 
and San Acacia to San Marcial reaches); 

• Native bosque evapotranspiration for this area is 3 acre-feet per acre (King 
and Bawazir, 2000). 

• Based on these assumptions, the resulting water savings are 1,649 acre-feet 
per year.   

5.2.2.3 Alternatives 2, 3, and 4: Improve Off-Farm Efficiency, 
On-Farm Efficiency, and Control Brush and Weeds 
Along Canals and Drains  

Alternatives 2 through 4 include improvements in agricultural and conveyance 

efficiency through: irrigation scheduling, metering, ditch lining or piping; on-farm laser 

leveling of fields and lining of ditches; and controlling brush and weeds along canals and 

drains.  These changes, though they have the potential to significantly reduce required river 

diversions, reduce canal seepage, and reduce on-farm water requirements (see discussion 

in Appendix H, March 7 2003 memo), will have little impact on crop consumptive use, the 

variable modeled in the basin-wide probabilistic water budget model18.   

                                                 
18 The water budget model operates on the premise that water “lost” to canal seepage and on-farm seepage is 
returned to the surface water system; it either flows into the drains and is returned directly, or flows to the 
shallow-groundwater system, which is in effective hydraulic connection with the river/drain system (physical 
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The combined proposed changes in alternatives 2, 3, and 4 have the potential to 

reduce evapotranspiration from vegetation along the canals and drains, incidental 

evaporative losses from puddles in non-laser leveled fields, and evaporation from the water 

surfaces in the canals and drains.  In the analysis of the regional water budget, these are 

relatively small terms; the combined impacts of implementation of Alternatives 2, 3, and 4 

are estimated at 5% of the SSPR agricultural consumptive use19, or 2,768 acre-feet per 

year. 

5.2.2.4 Alternative 5:  Removal of Exotic Vegetation 

Removal of exotic vegetation has the potential to result in either significant 

consumptive use reduction, little change in consumptive use, or possibly even consumptive 

use increase depending on how it is implemented.   

If areas are carefully chosen such that, with the addition of drainage, the water table 

can be lowered and the area cease to be riparian habitat, then once vegetation is removed 

and drainage installed, the area will become scrub or grassland with little or no direct 

evaporative loss.  In this case, the evaporative savings will be on the order of 4 acre-feet 

per acre, the average evapotranspiration loss from salt-cedar (King and Bawazir, 2000).  

This may be possible in areas such as the east side of the Rio Grande north of San Antonio 

where arroyos no longer connect to the river and instead serve only to water large areas of 

salt cedar.  Reconnection of the arroyos to the river might reduce salt cedar habitat along 

the eastern margin of the currently vegetated area.  Some property owners in this area 

appear to be working on reconnecting arroyos to the river – if this re-engineering is 

combined with salt cedar removal, the area could prove a valuable test ground for the 

potential for this course of action to reduce salt cedar habitat. 

If non-native vegetation is removed but the water table remains high enough to 

support riparian growth, re-vegetation with native riparian plants is required to avoid re-

colonization by non-native species.  Removing non-natives and re-vegetating with native 

plants may result in evaporative savings on the order of 1 acre-foot per acre, reflecting a 

change from salt-cedar, at a consumptive use of 4 acre-feet per acre, to native bosque, at 3 
                                                                                                                                                    
connection is present over sufficient reaches that this mass balance is preserved, although local areas of 
disconnection may result in some lag time for returns to the stream system).   
19 Value based on the analysis presented in the memo of March 7, 2003, revised upward to take into account 
incidental depletions not previously quantified. 
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acre-feet per acre (King and Bawazir, 2000).  If the area is not re-vegetated with native 

riparian species, either non-natives will re-colonize the area, resulting in no water savings, 

or the water table may rise, resulting in saturated soils and standing water which evaporate 

at 5.6 acre-feet per year, increasing consumptive use.   

In analyzing this alternative, it is assumed that exotic vegetation removal in non-

drainable areas will be accompanied by re-vegetation by native species.  To adequately 

capture the potential variability in savings based on location of removal, and also to 

capture the possible range in acreage on which non-natives are eradicated, three options are 

evaluated: 

• Alternative 5A: Removal of non-native vegetation from 4,060 acres (10% 
of the 40,598 riparian acres between the Socorro county line and the north 
end of Elephant Butte Reservoir at full capacity) in drainable areas, 
resulting in a decrease in consumptive use of 16,240 acre-feet per year (4 
acre-feet per acre over 4,060 acres).  It is assumed that the area can be 
drained sufficiently such that it will re-colonize only in native grasses and 
scrub, rather than riparian growth; 

• Alternative 5B: Removal of non-native vegetation from 4,060 acres (10% 
of the riparian acreage between the Socorro county line and the north end of 
Elephant Butte Reservoir at full capacity), replaced with native vegetation, 
resulting in a decrease in consumptive use of 4,060 acre-feet per year (1 
acre-foot per acre reduction in consumptive use); 

• Alternative 5C: Removal of non-native vegetation from 20,300 acres (50% 
of the riparian acreage between the Socorro county line and the north end of 
Elephant Butte Reservoir at full capacity), replaced with native vegetation, 
resulting in a decrease in consumptive use of 20,300 acre-feet per year (1 
acre-foot per acre reduction in consumptive use). 

5.2.2.5 All Alternatives (1A, 1B, 2, 3, 4, and 5A/5B/5C) 

A final evaluation, combining all five alternatives, is provided to look at the 

impacts of fully implementing all planning alternatives.  Three versions of the full-

implementation scenario, All Alternatives A, All Alternatives B, and All Alternatives C, 

are given corresponding to the three options for Alternative 5. 

5.2.3 Modification of the Water Budget Model for Alternatives 
Analysis 

The following changes were made to the water budget model to accommodate the 

SSPR alternatives: 
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1. Riparian, agricultural, and open water consumptive use terms were adjusted 
as needed to represent the proposed alternatives. 

2. Evapotranspiration losses for Elephant Butte Reservoir were recalculated to 
incorporate Alternative 1A, a new probability distribution was fit to the 
data, and the alternative distribution incorporated into the model. 

These changes are described in more detail below. 

The modeling done as part of the Middle Rio Grande Water Supply Study consists 

of two parts, the use of groundwater models other groundwater analyses to generate the 

base stream/aquifer exchanges and pumping-induced stream depletions; and, a 

probabilistic water budget model which integrates surface water inflows, groundwater 

effects, and consumptive use demands to determine regional Compact credit/debit.  For the 

evaluation of the SSPR alternatives, changes were made only in the probabilistic model.  

None of the identified alternatives involve significant changes to groundwater conditions 

in the SSPR. 

Inflow to the planning regions is “net” inflow, i.e., inflow minus water needed to 

satisfy the Compact Obligation and Elephant Butte Losses.  Based on this convention, net 

outflow from the SSPR represents Compact credit/debit. 

Within the probabilistic model, Section 3 agricultural, riparian, and open water 

consumptive use and Elephant Butte loss terms required modification to represent 

implementation of the planning alternatives; all other terms remained as for the base case 

run.  For Alternative 1A, a new probability distribution was prepared for the Elephant 

Butte Reservoir reflecting the revisions to the evapotranspiration losses in the north basin 

under implementation of the alternative.  For Alternatives 1B and all three versions of 

Alternative 5 (A, B, and C), the changes imposed by implementation of the alternatives are 

to open water and riparian consumptive use.  Since open water evaporation and riparian 

evapotranspiration are both included in the model as static values, no model run is required 

to evaluate these changes; evaluation of the alternative can be done by adjusting the SSPR 

demand and resulting outflow by the acre-foot per year changes resulting from the 

alternatives.   

For Alternatives 2, 3, and 4, implementation of the alternatives is modeled as a 

change in agricultural consumptive use.  Agricultural CU in the model varies with 
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available inflow, with agricultural CU satisfied by available inflow only after open water 

evaporation and riparian ET have been filled.  However, the combined impact of 

Alternatives 2, 3 and 4 are modeled as a static change.  This was done for two reasons: a) 

in the Base Case model run, agricultural CU is limited by water availability only below the 

5th percentile; and b) the average change in agricultural consumptive use resulting from 

implementation of the planning alternatives is 2,768 acre-feet per year.  Given the relative 

frequency with which agricultural CU is supply limited and the size of the change in 

agricultural consumptive use resulting from implementation of the planning alternative, a 

modification to the algorithm of variability under the alternative would provide little 

benefit to the analyses. 

The Socorro-Sierra Planning Region water plan does not include significant change 

in land use or municipal demand over the 40-year planning horizon.  Therefore, current 

development conditions are used to assess both current and future water budgets.  If this 

scenario is modeled under 2040 conditions (extended historical assumptions), the average 

compact debit would increase by about 24,250 acre-feet per year (Appendix E, Figure E-

1.5) and the depletion of aquifer storage would decrease by the same amount, maintaining 

the same total debt. 

Table 5.5 summarizes the modeled changes resulting from each Alternative. 

5.2.4 Results of Quantitative Evaluation of Socorro-Sierra Planning 
Region Alternatives Analysis 

As for the Base-Case scenario described in Chapter 4, the probabilistic model was 

run for 10,000 realizations.  For each realization, water budget values were drawn from the 

probability distribution or otherwise specified values for that term.  Water budget results 

are presented for both the Base-Case and under the proposed SSPR alternatives.  All flows 

terms are presented as net available water, with Compact deliveries and Elephant Butte 

Losses removed. 

Table 5.6 shows the average, 10th percentile, and 90th percentile values calculated 

under full implementation of All Alternatives C, including adjusted inflow into each model 

section, depletions by model section, and outflow for the MRGPR and SSPR.  The 

modeled distributions for these terms under the Base Case and SSPR All Alternatives C 

83 



e S.S. PAPADOPULOS & ASSOCIATES, INC. 

 
 
(MRGPR Preferred Scenario model results are also included) are shown in Figures 5.2 – 

5.7.   

Figure 5.2 shows that, under the SSPR alternatives, inflow to model Section 1 is 

slightly higher than for the Base Case Scenario.  This is an artifact of subtracting Elephant 

Butte Losses and Compact Obligations from the net Section 1 inflow.  Since Elephant 

Butte Losses are reduced under the SSPR alternatives, the Adjusted Section 1 inflow is 

increased.  

Figure 5.3 illustrates that there is no change in Section 1 depletions resulting from 

implementation of the SSPR alternatives.  Therefore, as can be seen in Figures 5.4 and 5.5, 

the increase in available inflow to Section 1 is carried through, and results in an increase in 

outflow from Section 1 and increase in Sections 2 and 3 inflow over the Base Case values.  

Figure 5.4 shows the modeled outflow from model Section 1; this corresponds to the 

mainstem outflow from the MRGPR across the Valencia-Socorro county line.  Flow is 

highly variable, ranging from –45,000 acre-feet per year to over 258,000 acre-feet per year.  

Negative flows in this context imply that depletions are exceeding available inflow at a 

given point (i.e. water intended for Compact delivery or to offset Elephant Butte 

evaporative losses was consumed within model section 1).  As can be seen, calculated 

(available) flows are negative below the 15th percentile at the Valencia-Socorro county 

line.  Whether or not such a condition would result in a Compact debit is dependent on 

downstream inflows, and on how depletions are managed in both planning regions during a 

condition of low supply.  Approaches to demand reduction or supply augmentation in 

times of drought are undergoing evaluation as part of the regional and state water planning 

process.   

Figures 5.5 and 5.6 show the modeled base case inflow to, and depletions for, 

model sections 2 and 3.  As noted above, the depletions from the Elephant Butte Reservoir 

have been removed as a first step in this analysis, to isolate the available supply for 

alternatives analysis.  Therefore, depletions shown in Figure 5.6 reflect only the crop, 

riparian and non-reservoir open water losses within Section 2 and 3.   Inflow is highly 

variable, due both to the high variability in the Section 1 outflow, as well as high 

variability in inflow from Section 2 and 3 tributaries (Figure 4.16), while the depletions are 

nearly constant, varying only with the agricultural consumptive use (Figure 5.6).  Inflow 
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ranges from less than 40,000 acre-feet per year to over 396,000 acre-feet per year (Figure 

5.5); depletions are about 227,000 acre-feet per year (Figure 5.6).   

Under full implementation of All Alternatives C, regional demand is now met at 

the 50th percentile and above.  This can be seen in the change in distribution of Section 3 

outflow (Figure 5.7).  Average Compact Credit/Debit under implementation of All 

Alternatives C is a debit of 3,000 acre-feet per year. 

The point at which supply meets demand should be considered a relative, rather 

than absolute, measure.  This analysis does not incorporate reduction in consumptive water 

use during droughts, other than the reduction in agricultural CU when total inflow 

(including Compact delivery water and water to cover Elephant Butte evaporative losses) 

is insufficient to meet demands.  In reality, shortages in supply would probably be shared 

equally between agricultural entities in the Middle Rio Grande Basin, thereby effectively 

increasing the Sections 2 and 3 inflow.  The model currently fully satisfies the MRGPR 

and SSPR demand, regardless of inflow, by dipping into Compact delivery water and 

accruing a Compact debit for that year.  The supply-meets-demand point, however, is 

useful as a relative tool to look at how changes in supply resulting from implementation of 

planning alternatives will affect the ability to meet demand.  The modeled shift from the 

60th to the 50th percentile in meeting demand between the Base Case and SSPR alternative 

analyses is indicative of an increase in the ability of the region to satisfy demand. 

5.3 Joint Assessment of the Regional Water Plans 

Though the Middle Rio Grande Basin, from Otowi gage to Elephant Butte Dam, is 

a single hydrologic system, it has been subdivided into three planning regions, the Middle 

Rio Grande Planning Region, the Socorro-Sierra Planning Region, and the Jemez y Sangre 

Planning Region (Figure 5.1).  Since these three regions draw water from a single supply, 

water plans implemented by any one region will affect the others, and all three regions’ 

plans impact New Mexico’s ability to make its Compact deliveries to Texas.  

Consequently, though it is important to study the regional water plans separately, in terms 

of statewide water planning, joint analysis of the plans is necessary.  
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5.3.1 Overview of the Jemez y Sangre Planning Region Water Plan 

The Jemez y Sangre Planning Region is composed of most of Santa Fe County, all 

of Los Alamos County, and the southeastern part of Rio Arriba County, a total of 1,892 

square miles.  The region encompasses the drainage area of the Rio Grande from Embudo 

on the north to south of Galisteo, between the crest of the Sangre de Cristo Mountains on 

the east to the Jemez Mountains near Los Alamos.  The southwestern boundary of the 

Jemez y Sangre Planning Region coincides with the northeastern boundary of the MRG 

Planning Region. 

Since Jemez y Sangre includes basins that drain to the Rio Grande below the Otowi 

gage, any assessment of the MRGPR and SSPR water plans needs to also consider the 

Jemez y Sangre water plan in assessing the basin hydrology and ability to meet Compact 

deliveries.  As for MRGPR and SSPR, the two dominant water uses within the Jemez y 

Sangre planning region are water use by irrigated agriculture, and by municipal areas.  

Numerous acequias and pueblos use water in the region, accounting for nearly 70% of the 

water diverted by the region.  Growing municipal areas, including Santa Fe, Los Alamos, 

and Espanola, account for another 25 to 30% of the regional water diversions.  Of this, 

about 65% is supplied by municipal water agencies and 35% is from self-supplied 

domestic wells.  Total groundwater pumping to meet municipal and self-supplied domestic 

demand is estimated at a maximum of 24,000 acre-feet for Year 2000 (Jemez y Sangre 

Water Planning Council, 2003). 

Several key points in considering regional water supply include: 

• In most years water supplies are insufficient to fulfill all existing surface 
water rights in the region. 

• In some areas the amount of water diverted from groundwater is much 
greater than the recharge rate, leading to groundwater declines. 

• Population in the region is projected to increase from 160,000 in Year 2000 
to 360,000 in Year 2060 

• Population growth of an additional 200,000 people would increase 
residential and commercial water demand by 31,500 acre-feet per year at 
current demand rate. 

• Available San Juan Chama water, under the most optimistic assessment, can 
only meet 40 percent of the projected future gap in water available to meet 
demand. 
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• Growth management could reduce the projected increase in demand of 
31,500 acre-feet by 2060 by as much as 50 percent if it is implemented 
consistently throughout the region. 

• The remaining 10 percent of the projected increase in demand of 31,500 
acre-feet by 2060 could be met by retiring 12 percent of the agricultural 
land within the region. 

The primary alternative proposed by the Jemez y Sangre regional water plan 

(Jemez y Sangre Water Planning Council, 2003) that will impact downstream planning 

regions is to “utilize San Juan-Chama project water as appropriate” (Section 8.2.7, Jemez y 

Sangre Regional Water Plan).  The City of Santa Fe is also planning to utilize native water 

for which the City owns water rights.  The potential impact of these actions would be to 

effectively create a new demand term for San Juan-Chama and native water between 

Otowi gage and Cochiti Reservoir.  This term could be up to 19,730 acre-feet per year if 

both the proposed water diversion via the Buckman Direct Diversion (8,730 acre-feet per 

year) and water currently leased to the Bureau for release for the silvery minnow20 are 

consumptively used within the planning region.  This new depletion has been included in 

the joint analysis of the water plans.   

For purposes of analysis here, we assume that the JySPR 2040 projected water gap 

that is unmet by utilization of San Juan-Chama Project water and water righted native 

water would be met through conservation, growth management, and retirement of 

agricultural lands and transfer of that water to municipal uses.  However, we note that the 

conservation goals required to reduce the 2060 projected water gap by 50% (70% 

reduction in all outside use and 25% reduction in all new inside use), as outlined in the 

JySPR water plan, are very stringent and may be unattainable in the timeframe available. 

5.3.2 Modification of the Water Budget Model for Analysis of the 
Joint MRGPR, SSPR, and JySPR alternatives 

A joint implementation of the MRGPR, SSPR, and JySPR water planning 

alternatives was made using the combined alternatives outlined in Sections 5.1.3, 5.2.3, 

 
20 Between 1999 and 2003 the Bureau leased 14,200 to 131,300 acre-feet of San Juan-Chama water per year.  
Of this, 11,100 acre-feet has been available annually from the Jemez y Sangre planning region: 6,500 acre-
feet per year from the Jicarilla Apache, 1,200 acre-feet per year from Los Alamos, 2,000 acre-feet per year 
from the San Juan Pueblo, 400 acre-feet per year from Taos, and 1,000 acre-feet per year from Espanola. 
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and 5.3.1.  For the SSPR, the All Alternatives C scenario was used in the joint modeling.  

The Base Case model terms modified for the joint analysis are listed below: 

MRGPR, SSPR, and JySPR Joint Alternatives  
as Represented in the Probabilistic Model 

Term Modification from Base Case model 

Utilization of additional SJC and water-
righted native water within JySPR New demand term of 19,730 af/year 

Section 1 Inflow from desalination New inflow term of 22,500 af/year 

Section 1 Wastewater returns Increased by 41,351 af/year from Base Case 

Section 1 Groundwater pumping 
depletions Reduced by 315 af/year from Base Case 

Section 1 Municipal Surface Water 
Withdrawals New depletion term of 89,000 af/year 

Section 1 2000 to 2040 additional M&I 
demands outside Albuquerque New depletion term of 31,556 af/year 

Section 1 Agricultural CU Reduced by 37,511 af/year from Base Case 

Section 1 Riparian ET Reduced by 17,000 af/year from Base Case 

Section 3 Agricultural CU Reduced by 2,768 af/year from Base Case 

Section 3 Riparian ET Reduced by 37,800 af/year from Base Case 

Section 3 Open Water Evaporation Reduced by 1,649 af/year from Base Case 

Elephant Butte Evaporation, based on 
draining 40% of exposed portion of 
northern basin 

Reduced by 12,000 af/year from Base Case 

For the joint analysis, the MRGPR modeled retirement of 7,500 acres of Socorro-

Sierra agricultural land was not included because it is inconsistent with the Socorro-Sierra 

Water Plan intent to avoid transfer of water outside the region.  Therefore, as implemented 

in this joint analysis, the modified MRGPR Preferred Scenario and SSPR proposed 

planning alternatives are complementary.   

Result for the joint implementation of planning region alternatives, with the 

modification noted above, are given in Table 5.7 and Figures 5.8 through 5.13.  Inflow into 

Section 1 is increased over the Base Case Scenario by 56,000 acre-feet per year on average 

(Figure 5.8) as a result of the new desalination inflow term, the increase in wastewater 
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returns, and reduction in Elephant Butte evaporative loss (which, for accounting, is 

removed from available Section 1 inflow), and in spite of the new depletions occurring 

within the JySPR.  Under the joint (modified) alternatives, available inflow ranges from 

317,000 acre-feet per year to over 639,000 acre-feet per year.  Section 1 depletions under 

the joint alternatives are nearly 66,000 acre-feet per year higher than the Base Case 

Scenario, averaging 398,000 acre-feet per year, with little variability (Figure 5.9).  This 

change is a combination of increased municipal depletions and reduced agricultural 

consumptive use and riparian ET.  Resulting outflow from Section 1 under the joint 

alternatives is slightly smaller than under the Base Case scenario (on average, 10,000 acre-

feet per year smaller), and ranges from –67,000 acre-feet per year to over 236,000 acre-feet 

per year (Figure 5.10). 

Inflow to the SSPR under the joint alternatives is therefore also smaller than under 

the Base Case Scenario by about 10,000 acre-feet per year (Figure 5.11).  However, 

Sections 2 and 3 depletions are significantly reduced under the joint alternatives (Figure 

5.12), averaging 208,000 acre-feet per year, roughly 42,000 acre-feet per year less than 

under the Base Case Scenario.  The net result for Compact Credit/Debit under joint 

implementation of the planning region alternatives is therefore a significant improvement 

in Compact Credit/Debit status from the Base Case Scenario.  Rather than the 39,600 acre-

foot per year debit seen under the Base Case Scenario, under the joint alternatives we see a 

debit of 7,000 acre-feet per year.  Groundwater impacts that have not yet been manifested 

as stream depletions in Year 2040, as for the MRGPR Preferred Scenario, are 39,900 acre-

feet per year (Appendix E.2). 

5.3.3 Discussion of Joint Analysis results 

Though the result of joint implementation of the MRGPR, SSPR, and JySPR water 

plans is to reduce the modeled Year 2000 Compact debit of 39,600 acre-feet per year to a 

Year 2040 Compact debit of 7,000 acre-feet per year, and to reduce potential lagged 

groundwater impacts from 71,000 acre-feet per year to 39,900 acre-feet per year, there are 

three points of significant concern that should be noted. 

First, the joint implementation of the MRGPR, SSPR, and JySPR water plans calls 

for the restoration of 37,500 acres of the existing 40,600 acres of bosque lying between the 
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Valencia-Socorro county line and Elephant Butte Reservoir, and an additional 17,000 acres 

between Cochiti Dam and the Valencia-Socorro county line.  The joint implementation 

further assumes that once restored, consumptive use of water will be reduced by an acre-

foot per acre, and that savings will be realized in increased river flow.  Restoration of over 

54,000 acres of riparian vegetation between Cochiti Dam and Elephant Butte Reservoir 

would be an enormous undertaking.  If restoration of native bosque under the joint 

alternatives is not successful in achieving increased river flows, or only produces a fraction 

of an acre-foot of increase in flow per acre restored, the difference between realized water 

gain and one acre-foot per acre, as assumed under the plan, will be effectively subtracted 

from the projected annual Compact delivery, resulting in increased probability of debit 

conditions.  If no water is realized through riparian restoration, average Compact debits 

would be 61,000 acre-feet per year, 50% greater than in the Base Case scenario. 

Second, as implemented in this analysis, the joint alternatives call for the draining 

of the upper basin of Elephant Butte Reservoir such that whenever the northern basin is 

exposed, only 50% of the basin is vegetated with phreatophytes.  Again, this may be an 

optimistic assessment of potential water savings, and physical implementation of this 

alternative would be a significantly engineering and financial undertaking. 

Third, the joint implementation retires 25% of the non-Pueblo lands lying between 

Cochiti Reservoir and the Valencia-Socorro county line.  This implies retiring 11,073 acres 

of currently irrigated farmland and preventing future water use on that land other than via 

M&I, i.e. phreatophytes must be prevented from colonizing the acreage.  Though 

municipal expansion may well extend over much of this acreage, it is unlikely that all of it 

can be preserved from phreatophyte colonization, native or non-native, without extensive 

work.  Again, the physical and financial constraints on implementation of this alternative 

may limit the water savings that can be realized. 

However, there are also aspects of the joint scenarios that may overestimate future 

water demands.  Primary among those is projected population growth and daily per capita 

water use.  It is possible that the region as a whole, when faced with severe water 

shortages, will reduce per capita demand below the 175 gallons per capita per day within 

the City limits and 150 gallons per capita per day outside the city limits assumed in this 

analysis.  It is also possible that current population projections are excessive and that 
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regional growth will slow more rapidly than anticipated.  A reduction in either population 

or per capita use will improve the ability of the region to meet Compact obligations. 

It is also possible that desalination will prove highly effective.  Though there is 

currently no desalinated water available to the region, supply could conceivably exceed 

20,500 acre-feet per year by 2040 if the demand is strong enough. 

Overall, however, joint analysis of the planning region alternatives highlights the 

severity of the water issues facing the State.  By 2040, without stringent measures taken to 

control phreatophyte water usage, a dramatic reduction in agricultural acreage, and 

importation of water, the region will be unable to meet its projected demands. 
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6.0 DROUGHT SCENARIO MODELING 

The Base Case analysis presented in Chapter 4 represents conditions throughout the 

Middle Rio Grande region over a range of climatic conditions, including short periods of 

both drought and wet conditions.  To capture specific conditions during extended drought 

periods, the probabilistic model has been used to develop a Drought Scenario.  As for the 

Base Case analysis, the Drought Scenario results are based on 10,000 simulations.  The 

structure of and results from this analysis are discussed below. 

6.1 Probabilistic Description of the Water Supply and Rio Grande 
Compact Credits/Debits Under Drought 

The Drought Scenario, based on the Base Case Scenario, uses input distributions 

that are based on the 1950 to 1972 and 2000 to 2002 period of record for key inflow and 

depletion terms.  The 1950-1972 and 2000-2002 years represent the drier half of the 1950-

2002 record, capturing the 1950s, 1960s, and 2000-2002 droughts.  Average Otowi Index 

Supply for this period is 77% of the 1950-2002 average, adequately capturing conditions 

during a severe multi-year drought (Grissino-Mayer et al., 1996). 

Eight key flow and depletion distributions included in the Base Case model have 

been altered to specifically reflect drought conditions.  These include: 

• Otowi Index Supply 
• San Juan-Chama Project water 
• Jemez River flow 
• Rio Puerco flow 
• Rio Salado flow 
• Ungaged tributary inflows that are modeled using the Rio Salado flow 

distribution 
• Agricultural consumptive use 
• Elephant Butte Evaporative Losses 

Details about how each of these terms were adapted for drought are given below. 

Terms that have not been changed from their Base Case distributions include: 

• Galisteo Creek 
• AMAFCA channels 
• Effective Precipitation 
• Wastewater return flows 
• Groundwater Inflows 
• Surface water depletions due to groundwater pumping 
• Cochiti Evaporation 
• Riparian Evapotranspiration 
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• Open water evaporation 

Data is not available prior to 1970 for Galisteo Creek and the AMAFCA channels.  In the 

absence of measured data, it is unknown whether these terms should be increased or 

decreased to reflect drought conditions.  It is possible precipitation and precipitation driven 

flows would decrease during drought; however, vegetation tends to die back during 

drought, potentially increasing runoff.  Rather than estimate changes to these terms, they 

have been left unchanged at their Base Case distributions.  For the remaining terms, there 

is no clear evidence that inflow or consumptive use of water in these categories will 

change significantly during an extended drought.  Accordingly, the base case distributions 

and static values used to represent these terms have been left unchanged. 

The terms for which drought distributions have been calculated are shown in 

Figures 6.1 through 6.5; a comparison of Base Case and drought distributions is given in 

Table 6.1.   

6.1.1 Otowi Index Supply 

The Otowi Index Supply drought flows are significantly smaller than the Base Case 

flows, averaging 730,000 acre-feet per year rather than 945,000 acre-feet per year.  The 

optimal distribution was a beta distribution, truncated at 244,600 and 1,517,000 acre-feet 

per year.  Figure 6.1 illustrates the measured drought year flows, the drought distribution 

used to fit those flows, and, for comparison, the distribution used in the Base Case 

Scenario. 

6.1.2 Trans-Mountain Diversions (San Juan-Chama Project Water) 

Though 81,005 acre-feet per year of Trans-Mountain Diversion water is contracted 

for use between Otowi gage and Elephant Butte Reservoir, actual deliveries are limited by 

water availability, which is in turn impacted by drought.  Since the San Juan basin lies just 

to the north of the upper Rio Grande basin, large-scale climatic events, including extended 

droughts, tend to impact both basins, though potentially to varying degrees.   

No data is available for San Juan Chama deliveries during extended drought.  To 

capture the likelihood that if the MRG Basin is functioning under extended drought 

conditions, San Juan Chama water will be similarly reduced, San Juan Chama Drought 

inflows are set at 75% of the Base Case distribution, 60,754 acre-feet per year.   
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6.1.3 Jemez River 

The Jemez River drought flows, as for the Otowi Index Supply, are significantly 

smaller than the Base Case flows, averaging 32,100 acre-feet per year rather than 44,400 

acre-feet per year.  The optimal distribution was a beta distribution, truncated at 7,724 and 

89,900 acre-feet per year.  The correlation of 0.85 between the Jemez River flows and the 

Otowi Index Supply used in the Base Case Scenario is also used in the Drought Scenario.  

Measured drought flows and Drought and Base Case Scenario distributions are shown in 

Figure 6.2. 

6.1.4 Rio Puerco 

The optimal distribution for the 1950-1972 and 2000-2002 Rio Puerco flows was a 

lognormal, with a mean of 30,400 acre-feet per year.  This is greater than the mean Base 

Case Scenario Rio Puerco flow of 25,800 acre-feet per year.  The increase in Rio Puerco 

flows during drought may be an artifact of the available data; however, it is also possible 

that it represents dieback of vegetation and reduction in riparian growth during drought, 

resulting in increased run-off from the basin.  The drought distribution was truncated at 

zero and 230,000 acre-feet per year, two times the maximum observed flow for the period 

of record.  Measured drought flows and Drought and Base Case Scenario distributions are 

shown in Figure 6.3. 

6.1.5 Rio Salado 

The optimal distribution for the Rio Salado for the 1950-1972 and 2000-2002 

period is a lognormal distribution with a mean of 11,800 acre-feet per year.  As for the Rio 

Puerco, this is greater than the Base Case mean of 10,500 acre-feet per year.  The 

correlation between the Rio Salado and Rio Puerco flows was maintained at the Base Case 

Scenario value of 0.56.  Measured drought flows and Drought and Base Case Scenario 

distributions are shown in Figure 6.4. 

6.1.6 Ungaged Tributaries; Westside and Eastside Inflow 

As for the Base Case Scenario, the Westside, Eastside section 2 and Eastside 

section 3 tributaries are based on the Rio Salado distribution, scaled for their respective 

contributing areas.  As a result, mean inflow for each of these terms in the Drought 

Scenario is slightly higher than for the Base Case Scenario, as can be seen in Table 6.1.  
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The correlation between ungaged tributary inflows and the Rio Puerco used in the Base 

Case Scenario are maintained in the Drought Scenario.  

Inflow for Eastside section 1 ungaged tributaries, in the absence of information 

regarding change in inflow during drought, is left unchanged from the static value of 420 

acre-feet per year used in the Base Case Scenario.   

6.1.7 Agricultural Consumptive Use 

For the Drought Scenario, agricultural consumptive use is left as for the Base Case 

Scenario.  However, as for the Base Case Scenario, agricultural consumptive use is 

reduced during years when inflow to the region is insufficient to meet agricultural demand.  

If combined Otowi Index, San Juan Chama, Jemez River, Galisteo Creek, Santa Fe River, 

AMAFCA, ungaged Section 1 inflows, Section 1 wastewater returns, and Sections 1 and 2 

net groundwater inflow are less than the combined riparian ET, open water evaporation, 

Cochiti losses, river depletions due to pumping, and agricultural consumptive use, 

agricultural consumptive use is determined based on supplying the non-agricultural 

consumptive uses first, with remaining supply used for agricultural irrigation.  Since 

inflow to the region is reduced during drought, the Drought Scenario agricultural CU is 

supply limited more often than in the Base Case Scenario. 

6.1.8 Elephant Butte Reservoir Losses 

As for the Otowi Index Supply, and Jemez River, Rio Puerco, and Rio Salado 

flows, Elephant Butte Reservoir evaporative losses for 1950-1972 and 2002-2002 were fit 

with a new distribution for inclusion in the Drought Scenario.  As for the Base Case, 

Elephant Butte losses were adjusted to include open water evaporation from the lake 

surface area and additional losses from exposed, drained reservoir areas.   

For inclusion in the Drought Scenario, Elephant Butte Reservoir losses were fit 

with an extreme value distribution.  The correlation between Elephant Butte Reservoir 

losses and Otowi Index Supply was r = 0.46, as was used in the Base Case Scenario.  

Average losses for the Drought Scenario are 124,000 acre-feet per year, as compared to 

163,700 acre-feet per year in the Base Case Scenario.  Calculated Elephant Butte losses for 

the Drought and Base Case Scenarios, and the extreme value distribution used in the 

Drought Scenario, are shown in Figure 6.5. 
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6.2 Basin-Wide Probabilistic Description of Water Supply and Compact 
Credit/Debit – Drought Conditions 

The Drought Scenario probabilistic model results are subject to similar assumptions 

as the Base Case Scenario results.  First, the water supply is based on the 1950-1972 and 

2000-2002 period of record, and therefore is modeled under the range of climate conditions 

as they occurred during these years.  How these conditions represent long-term regional 

drought is discussed in Section 2.6, and in supporting work products developed as part of 

the Water Supply Study work and included in Appendices G and H.  Second, the model 

assumes “present day” development conditions, generally derived from data for the year 

2000.  For example, the magnitude of groundwater pumping and other water uses are 

based on present conditions.  Third, the model provides a snapshot of how Year 2000 

conditions are manifested “at present”.  In other words, the Year 2000 Drought Scenario 

results do not include future lagged impacts of today’s pumping.  

The model does not project what will happen in any given year; rather, the model 

results describe the variation in water supply and in Compact credit/debit conditions that 

should be expected given present day development in the context of extended drought 

conditions such as were experienced in the 1950s and 1960s.   

6.2.1 Probabilistic Description of Inflows and Depletions During 
Drought Conditions – Current Development Conditions 

The Drought Scenario probabilistic water supply model for the present condition 

was applied using the probabilistic description of water budget terms during drought 

described above.  The model results include probability distribution functions of the total 

inflow, total depletions, tributary inflow, Elephant Butte Reservoir losses, and the 

Compact-based credit or debit, assuming the Compact schedule of deliveries.  Figures 6.6 

through 6.10 illustrate probability distributions resulting from the Drought Scenario model 

run.  The figures illustrate the magnitude of flows at various percentiles within the 

probability distribution, ranging from the 5th to the 95th percentiles.  The 50th percentile 

indicates the median flow21.  The 25th percentile illustrates at what value a flow would be 

                                                 
21 The 50th percentile values shown on the figures are median, not average (mean) values of their respective 
distributions.  A median value is the value in the middle of the distribution, and for normal distributions, 
equals the average value for the distribution.  However, if the distribution is skewed, the average and median 
values can be significantly different.  Consequently, average water budget values shown in Table 6.2 will not 
always equal the median values shown in the figures. 
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exceeded 75% of the time.  The 75th percentile illustrates at what value a flow would be 

exceeded 25% of the time.  These figures can be used to identify what flow would be 

expected to occur, and can be used to assist regional planners in assessing the variability in 

supply conditions.  Mean, 10th and 90th percentile values for various inflow and depletions 

terms are given in Table 6.2.  Maximum, minimum, mean, and percentile (from 5th through 

95th) flows for all modeled terms are given in Appendix F. 

Figure 6.6 shows basin-wide total inflow, including mainstem and tributary inflow, 

for the Base Case and Drought Scenarios.  As expected, though the Rio Puerco, Rio Salado 

and ungaged tributary inflow is greater in the Drought Scenario than in the Base Case 

Scenario, the reduced Otowi Index Supply, Jemez River, and San Juan Chama inflows 

under drought conditions result in much smaller total regional inflow than in the Base Case 

Scenario.  Since the Otowi Index Supply is reduced under drought conditions, Compact 

Obligations are also reduced.  However, the net result is still less water available to the 

region under drought conditions than under Base Case conditions (Figure 6.7), by about 

63,000 acre-feet per year on average.   

Total regional demands are somewhat reduced under drought conditions.  Riparian 

ET, open water evaporation, and river depletions resulting from groundwater pumping 

remain unchanged from the Base Case Scenario.  However, agricultural consumptive use is 

reduced below the 25th percentile (Figure 6.8) due to insufficient supply to meet demand, 

and Elephant Butte Losses under drought conditions are smaller at all percentiles than in 

the Base Case Scenario (Figure 6.9), with a average reduction of 40,000 acre-feet per year.   

Compact Credit/Debit under the Drought Scenario results in Compact deliveries 

being met at the 65th percentile and above (Figure 6.10), unlike in the Base Case Scenario 

where required deliveries are met at the 60th percentile and above.  Average Compact 

deliveries are debits under both scenarios, with the Drought debit at 48,300 acre-feet per 

year, as compared to the Base Case debit of 39,600 acre-feet per year (Table 6.2).   

Figure 6.11 provides a schematic of the mean available water supply in the Middle 

Rio Grande region during extended drought.  The values represented on this figure are the 

mean outcome from 10,000 realizations of the probabilistic water budget model, using the 
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Monte Carlo analysis.  The mean available supply represents supply to the basin, excluding 

the Elephant Butte Scheduled Delivery (Rio Grande Compact Obligation).  Initiating the 

figure, the available portion of the Otowi Index Supply is shown as 270,000 acre-feet per 

year.  This number is the difference between 730,000, the mean Otowi Index Supply from 

the drought model simulations, and 460,000, the mean Compact Obligation obtained from 

the probabilistic model simulations.  Figure 6.11 also illustrates the relative magnitudes of 

the inflow to and demand within each model section, and the resulting mean Compact 

Debit that results from fully satisfying those demands.  As can be seen on the left side of 

the figure in yellow, there are an additional 71,000 acre-feet per year of water being 

depleted from groundwater storage that are not accounted for in the flow chart, nor 

included in the modeled 48,300 acre-foot per year Compact debit.   

It should be noted that agricultural demands are not fully met in roughly one year 

out of every four years in this scenario.  The agricultural demand (CU) is specified as 

185,800 acre-feet per year.  However, under the Drought Scenario, agricultural demand is 

fully satisfied only at the 25th percentile and above.  Below the 25th percentile, agricultural 

use is severely curtailed: 

• At the 20th percentile, agricultural CU is reduced by 21% 
• At the 15th percentile, agricultural CU is reduced by 40% 
• At the 10th percentile, agricultural CU is reduced by 56% 
• At the 5th percentile, agricultural CU is reduced by 67% 

The average reduction in agricultural demand in the drought Scenario is 20,700 acre-feet 

per year.  If agricultural demand were satisfied at Base Case Scenario levels, the average 

Compact debit under Drought conditions would be nearly 63,300 acre-feet per year. 

6.2.2 Probabilistic Description of Inflows and Depletions During 
Drought Conditions – Under Joint Implementation of the 
MRGPR, SSPR, and JySPR Proposed Alternatives 

Joint implementation of the MRGPR, SSPR, and JySPR water planning alternatives 

under drought conditions was assessed using the combined alternatives outlined in Section 

5.3.2, and the Drought Scenario adaptations described above.  The Drought model terms 

modified for the joint analysis are listed in the table below.  As in the Joint analysis 

presented in Section 5.3, the analysis of Joint alternatives under drought conditions 

presented here assumes year 2040 development conditions. 
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Term Modification from Base Case model 

Utilization of additional SJC and 
water-righted native water within 
JySPR 

New demand term of 19,730 af/year 

Section 1 Inflow from desalination New inflow term of 22,500 af/year 

Section 1 Wastewater returns 107,119 af/year 
Section 1 Groundwater pumping 
depletions 79,285 af/year 

Section 1 Municipal Surface Water 
Withdrawals 89,000 af/year 

Section 1 2000 to 2040 additional 
M&I demands outside Albuquerque 31,556 af/year 

Section 1 Agricultural CU Reduced by 37,511 af/year from Drought 
Scenario 

Section 1 Riparian ET Reduced by 17,000 af/year from Drought 
Scenario 

Section 3 Agricultural CU Reduced by 2,768 af/year from Drought Scenario

Section 3 Riparian ET Reduced by 37,800 af/year from Drought 
Scenario 

Section 3 Open Water Evaporation Reduced by 1,649 af/year from Drought Scenario

Elephant Butte Evaporation No change to Drought model distribution 

As for the drought scenario, agricultural consumptive use under joint 

implementation of alternatives during drought is limited by water availability.  Water 

available to meet demands is assumed to equal Otowi Index Supply, Jemez River, San 

Juan Chama, Santa Fe River, Galisteo Creek, and AMAFCA inflows, section 1 wastewater 

returns, ungaged section 1 inflow, groundwater inflow, and inflow from desalination.  Rio 

Puerco, Rio Salado, and Sections 2 and 3 ungaged inflows, Section 3 wastewater returns, 

Section 3 groundwater inflow, and effective precipitation, though they are water available 

to the region, are not necessarily available as water that can be diverted for crop use, and 

are therefore not included in the “available water” tally.  Non-agricultural water demand is 

subtracted from available inflow and any remaining water is allocated to meet agricultural 

CU demands.  Non-agricultural water demand is adjusted to take into account change in 

demands under the joint alternatives. 

Result of joint implementation of planning region alternatives under drought 

conditions are given in Table 6.3; Figures 6.12 through 6.17 compare joint implementation 

of alternatives under average and drought climatic conditions.  Average inflow into Section 
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1 is 45,200 acre-feet per year smaller during extended drought than under average 

conditions.  Section 1 depletions are marginally smaller in the drought scenario than under 

average conditions due to increased limitation on agricultural CU at the 15th percentile and 

below.  As a result, Section 1 average outflow during drought is about 44,500 acre-feet less 

than under average conditions.   

These smaller flows during drought are passed downstream to the SSPR, where 

inflow to the region under the joint alternatives is also smaller during drought conditions 

than under average conditions, though increased runoff in the Rio Puerco, Rio Salado and 

ungaged tributaries narrows the difference.  Average inflow to the SSPR during drought is 

166,000 acre-feet per year, about 35,000 acre-feet per year smaller than under average 

climatic conditions.  Available inflow ranges from –13,400 to 354,000 acre-feet per year22.  

Sections 2 and 3 depletions are again equal under drought and average climatic conditions 

except below the 20th percentile, where depletions during drought are limited by water 

availability for irrigated agriculture.  The net result is that during drought conditions the 

region once more drops into frequent Compact debit conditions, with an average debit of 

41,000.  During drought and under joint implementation of the planning alternatives, 

Compact deliveries are met only at the 60% percentile and above.  Under 2040 

development conditions, during an extended drought the region will be unlikely to meet 

delivery requirements without significantly limiting demand.  

It should be noted that in the Drought Scenario under the Year 2040 Joint 

Alternatives, agricultural CU is curtailed less frequently than under the Year 2000 

development conditions.  This is due in part to the significant amount of agricultural land 

retired under the Joint Alternatives.   

6.3 Discussion of the Water Supply and Rio Grande Compact 
Credits/Debits Under Wet and Transition Periods 

The ability of the Middle Rio Grande region to meet Compact delivery 

requirements under wet climatic and recent development conditions is known; this is the 

scenario the region has lived through throughout most of the 1980s and 1990s.  Although 

from a surface water perspective, during the wet conditions of the 1990s supply was in 

                                                 
22 Since the Section 1 and Sections 2 and 3 inflows are adjusted by subtracting Compact Obligations, 
negative “inflow” to the SSPR may result. 
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relative balance with demands, the impacts of groundwater pumping on the river system 

were not yet fully manifested.  If present pumping levels are continued into the future, 

additional river depletions will occur and even wet conditions may not prevent debit 

conditions from occurring. 

The region has been undergoing a wet-to-dry transition since 2000, when the 

current drought began.  For the most part, demands have been met, but, as of publication of 

this report, northern reservoirs have been drained to meet regional needs, and Compact 

limitations will severely limit the State’s ability to store water in northern reservoirs in 

2004.  Without a significant change in climate conditions, the region will struggle to 

satisfy demand with available supply. 

When the region returns again to wet conditions, the transition should be marked 

by relative water abundance for the first few years of transition.  Inflow will be sufficient 

to meet demands and Elephant Butte losses will be low due to low reservoir levels.  Debit 

conditions should be unlikely.  However, a sustained period of dry conditions and low 

reservoir levels may result in a significant bank storage deficit which will have to be “paid 

back” to the system before significant flows can be conveyed through Elephant Butte Dam.  

This type of transient storage is not included in the probabilistic modeling since it does not 

impact the long-term water budget.  However, it will be a very real concern for the region 

during transition years. 
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7.0 STUDY RESULTS AND IMPLICATIONS FOR STATE WATER 

PLANNING 

7.1 Summary of Conclusions 

This study quantifies the water supply to the Middle Rio Grande region, 

considering groundwater and surface water resources, the depletion of water under existing 

conditions, and constraints represented by the Rio Grande Compact.  The water budget 

developed in this study describes the water supply and expected Compact credit/debit 

conditions in a probabilistic context, incorporating climatic-induced variability in water 

budget terms. 

The probabilistic water budget approach taken for this study is referenced to the 

stream and near-stream hydrologic flow system.  Water inflow and depletion, referenced to 

this flow system, were quantified to reflect climatic variability and present development 

conditions.  The probabilistic characterization of water inflow terms is based on climatic 

variability observed over the past 53 years, from 1950-2002, where data were available.  

For each water budget term exhibiting climate dependency, a probability distribution 

function was developed to characterize the range and nature of this variability.  Some 

water budget terms are predominantly influenced by land use or development conditions.  

These terms were quantified according to a specified development condition. 

Processes occurring in the basin-wide groundwater flow system are linked to the 

stream flow system using the 2002 Albuquerque Basin groundwater flow model (McAda 

and Barroll, 2002).  Through this approach, a multitude of complex hydrologic processes 

occurring in the basin with indirect or lagged impacts on the stream, for example, 

precipitation, mountain front recharge, and groundwater pumping are integrated into the 

water supply analysis.  The quantification of groundwater processes occurs within a 

modeling framework that is based on a very detailed characterization of basin 

hydrogeology, i.e. representing the occurrence of hydrogeologic units, faults, aquifer 

properties and their configuration.   

Based on the quantified water budget terms for the stream system and linked 

groundwater system, a probabilistic water-supply model was used to simulate the 

conjunctive-use water supply and demand conditions.  This analysis resulted in a 
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probabilistic characterization of the conjunctive-use water supply in the Middle Rio 

Grande region.  Through identification of the Rio Grande Compact delivery (Elephant 

Butte Scheduled Delivery) corresponding to the simulated water supply conditions (Otowi 

Index Supply), a profile was derived of the available supply and of Compact credit/debit 

conditions according to water use assumptions. 

This analysis indicates that under present development conditions (and without 

accounting for future lagged groundwater impacts), and assuming that San Juan-Chama 

Project water is included in the supply to the region, on average, Compact deliveries will 

incur an annual debit of 39,600 acre-feet.  However, due to the large variability in inflow 

conditions and the large variability in evaporation from Elephant Butte Reservoir, 

Compact credits/debits vary over a wide range.  Compact deliveries are met above the 60th 

percentile, implying that New Mexico will, in general, incur a debit in three years out of 

five. 

An evaluation of the surface water depletions occurring within the Middle Rio 

Grande region under Year 2000 conditions indicates that consumptive use by crops and 

riparian vegetation accounts for approximately 63% of the total use.  Consumptive use by 

reservoir and open water evaporation accounts for approximately 34% of the total, and the 

remainder of about 3% is comprised of urban use.  Of these uses, reservoir evaporation is 

subject to the largest variability.  Evaporation from Elephant Butte Reservoir ranges from 

15% to 31% of the overall basin depletion, depending primarily on the reservoir level and 

associated surface area. 

The prognosis for the water supply in Year 2040 under implementation of the 

Middle Rio Grande and Socorro-Sierra Planning Region water planning alternatives is 

more favorable than the Base Case analysis.  Under joint implementation of the regional 

water plans, as represented in the probabilistic model, average Compact credit/debit is 

projected to be a debit of 7,100 acre-feet per year.  However, in Year 2040, groundwater 

pumping continues to place an annual deficit of 39,900 acre-feet per year on aquifer 

storage.  This indicates that even with no change in water demand in years following 2040, 

the region will again experience demands in excess of available supply as lagged 

groundwater impacts cause increased river depletion. 
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More problematic is that the joint planning region alternatives may be unfeasible.  

They rely heavily on water reclamation from native bosque restoration on over 50,000 

acres of land, and on retirement of 25% of the irrigated acreage between Cochiti Dam and 

the Valencia-Socorro county line, with no demands incurred by those lands once they are 

retired.  Both of these goals may be unattainable.  Demands of even one acre-foot per acre 

on retired farm land will result in additional Compact deficits of 11,000 acre-feet per year, 

and inability to realize water from bosque restoration could result in up to 50,000 acre-feet 

per year additional deficits. 

This study is based on a vast quantity of data and incorporates understanding 

gained through numerous complex technical investigations conducted by multiple agencies 

and individuals, particularly in the recent decade.  Regardless, specific numbers for water 

budget terms quantified in this study are subject to uncertainty due to difficulty in 

measurement or the imprecision of estimation procedures.  Undoubtedly, estimates will be 

refined as future work occurs.  The uncertainty in estimation of agricultural consumptive 

use and riparian evapotranspiration has been formally evaluated in a pair of sensitivity 

analyses.  Uncertainty in other terms has not been formally evaluated.  The sensitivity 

analyses, and judgment concerning non-evaluated terms, suggests that the overall 

uncertainty in mean projected values for the available water supply or resulting occurrence 

of Compact credit/debit is on the order of 50,000 acre-feet per year.  Despite uncertainty in 

the specific mean projected values, the relative conclusions regarding range of variability 

and general relationships among water supply and demand terms are considered 

representative of basin conditions, and should be used as a planning basis in the 

development of regional water plans. 

The analyses conducted for this study illustrate the general magnitude of the 

available water supply and its expected variability, assuming the degree of climatic 

variation observed during the past 53 years.  These results provide a realistic framework 

for water resource planning.  At the same time, it is useful to understand what is not 

represented in these results: 

• This study does not model hydrologic conditions resulting from a specific 
sequence of annual conditions. 
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• This study does not provide a “turn-key” water planning model.  The 
probabilistic water budget model presented in this study is based on a series 
of empirical relationships and specific simulations with the Albuquerque 
Basin groundwater model.  Assumptions and structuring of the underlying 
models may require re-specification, depending on the parameters of an 
alternative selected for evaluation. 

• This study does not model water routing and changes in in-stream flows 
resulting from changes in operations.  

Analysis of these elements would require alternative modeling tools. 

7.2 Implications for State Water Planning 

There appears to be no scenario, among those analyzed in this work, under which 

the Middle Rio Grande Basin does not face a water crisis.  Average Compact credit/debit 

and depletions of aquifer storage for each of the modeled scenarios are given in the table 

below.  All scenarios include depletion of aquifer storage that will lead to future stream 

depletions.  Without either active management or significant changes in supply or demand, 

New Mexico is unlikely to meet its Compact obligations in future years. 

Review of the Middle Rio Grande Planning Region (MRGPR) Preferred Scenario, 

the Socorro-Sierra Planning Region (SSPR) alternatives, and the Jemez y Sangre Planning 

Region (JySPR) Water Plan suggests that, while they are a strong beginning in addressing 

regional water issues, further measures will probably be required to meet regional demand 

in 2040.  Particularly, in assessing and implementing the plans, further evaluation of the 

water realized from bosque restoration needs to be made, and the plans reassessed if 

restoration does not result in significant water gains in the river (the current water plans 

rely on realizing one acre-foot of water per acre restored).  Additionally, if farm land is 

retired, monitoring to assess resulting vegetation of the land will be required.  The 

assessment presented here assumes the acreage will consume no water if taken out of 

irrigation. 
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Compact Credit/Debit and Lagged Groundwater Pumping Impacts for Analyzed 
Scenarios 

Scenario 

Year of 
Modeled 

Development 
Condition 

Average 
Compact 

Credit/Debit   
(acre-feet 
per year) 

Depletion of 
aquifer storage 
(acre-feet per 

year) 

Base Case 2000 -39,600 71,000  

MRGPR Preferred Scenario 2040 -2,700 39,900 

SSPR All Alternatives C 200023 -3,000 71,000 

Joint Alternatives 2040 -7,100 39,900 

Drought Scenario 2000 -48,300 71,000 

Joint Alternatives under drought 2040 -41,000 39,900 

7.3 Areas for Continuing Investigation 

This water supply study has reviewed voluminous technical material relating to 

water resources of this region, developed over decades.  Based on this review and the 

analysis of the information available to date, continuing investigation in the following 

areas is recommended: 

• Quantification of crop and riparian consumptive use: Crop and riparian 
consumptive use represents approximately two thirds of the overall basin 
depletions.  Varying consumptive use rates for these terms within the range 
of values found in current literature strongly impacts water budget results.  
The estimated consumptive use used in this study was derived by the 
USBR, based on detailed and state-of-the-art techniques.  However, 
continuing work is needed.  The consumptive use estimates referenced in 
this study are expected to undergo future refinement; this work should be 
expedited to the extent possible.   

• Evaluation of riparian response to drought:  Relatively little research has 
been completed on the response of riparian vegetation, particularly salt 
cedar, to extended drought.  Consequently, current modeling maintains 
riparian use as a static demand.  Further information on potential variability 

                                                 
23 The Socorro-Sierra Planning Region water plan does not include significant change in land use or 
municipal demand over the 40-year planning horizon.  Therefore, current development conditions are used to 
assess both current and future water budgets.  If this scenario is modeled under 2040 conditions (extended 
historical assumptions), the average compact debit would increase by about 24,250 acre-feet per year and the 
depletion of aquifer storage would decrease by the same amount, maintaining the same total debt. 

106 



e S.S. PAPADOPULOS & ASSOCIATES, INC. 

 
 

of this term in response to drought is required to accurately manage water 
during periods of low supply. 

• Evaluation of impacts of bosque restoration on resulting stream flow: 
Realistic analysis of the impacts of proposed regional planning alternatives 
relies on understanding the impact of bosque restoration on stream flows.  
Work is being done in this area; water planners should track these studies 
and incorporate study results into the planning process as they become 
available. 

• Continuation of hydrogeologic studies and modeling in the Albuquerque 
Basin and the Socorro region: In this study, application of the most recent 
(2002) USGS model of the Albuquerque Basin resulted in significantly 
different groundwater impacts than those realized in the earlier Phase 2 
work, and in the City of Albuquerque Draft EIS analysis.  Continued 
evaluation of water budget processes reflected by the model is 
recommended.  Recharge, evapotranspiration and stream gains/losses 
should continue to be evaluated in the context of updated independent 
studies in these areas.   

• Enhanced water flow measurements:  Critical to understanding water supply 
is the measurement of water inflow and outflow.  This study recommends 
improved monitoring of tributary inflows to the Rio Grande, as these flows 
represent a non-trivial portion of the water budget.  Continued expansion 
and improvement to the flow measurement program on the Rio Grande and 
within the MRGCD conveyance system is also recommended.   

• Evaluation of bank storage in the Elephant Butte Delta region:  The 
methods used in this study provide a general understanding of the water 
budget on a regional and multi-year scale.  However, to better understand 
how outflow from the Middle Rio Grande region will translate to a supply 
at the Elephant Butte Reservoir, under alternate climatic and wet-dry period 
transition conditions, the bank storage properties in the Elephant Butte area 
will need to be quantified.  Valuable information on bank storage in this 
area could be obtained from field studies.   
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