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Desalination

A low-carbon, low-energy, low-cost desalination energy innovation hub will 
serve as a center of research focused on developing integrated technological 
system solutions and enabling technologies for de-energizing, de-
carbonizing, and reducing the cost of desalination. While preliminary 
research is currently underway on these topics, the proposed effort will 
serve as a significant and necessary first-of-a-kind focused critical mass R&D 
effort on new technologies for cost-effective desalination. It will establish a 
central pillar in DOE and the nation’s RD&D efforts in this critically important 
and highly multi-disciplinary field. This Hub will examine low-carbon, low-
energy, low-cost desalination approaches that will support production of 
municipal drinking water, production of agricultural water supplies and 
treatment of nontraditional water sources, such as produced water from oil 
and gas extraction. 

2017 President’s Budget Request
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Laminar GO desalination membranes are 
a potentially disruptive technology
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47-mm 

Thin-slit permeation pathway defined by oxygen moiety “nanopillars”

Intrinsic nanoscale properties of laminar GO drive water permeation and are 
optimum for desalination

SNL GO/polyester 
membrane

D G 2D

GO structure is robust to 1-ppm, 
one month free chlorine 
exposure.

GO is chemically tolerant to many 
hydrocarbons (eg: toluene)
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Our covalent-binding chemistry is our 
competitive advantage
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No binding chemistry Isocyanate
Slightly hydrophilic

Isocyanate:PEG

2.1 L m-2 h-1 bar-1

Sulfate ion rejection:  90 %
0.5 L m-2 h-1 bar-1

Sulfate ion rejection: 80 %
1.8 L m-2 h-1 bar-1

Sulfate ion rejection: 15-20 %

Preliminary tests show a paradigm-shattering 80 % reduction in energy intensity  

Lockheed Martin’s Perforene, 
a nanoporous graphene

Geim et al.’s micron-thick 
GO paper membranes

Mi and Hu’s intra-GO 
covalent bonding
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Test Beds

Regional-Scale Data, Modeling, and Analysis Test Beds, new in FY 2017, will 
design and begin deployment of three regional-scale data, modeling, and 
analysis test beds. Major objectives of the test beds are to accelerate 
development and synthesis of integrated toolsets in diverse, contextualized 
environments; test the predictive limits and identify gaps of current and 
evolving capabilities on priority topics at the Nexus; identify and capitalize on 
unique topical and place-based DMA resources; and, ultimately, explore 
complex systems dynamics and the interaction of stressors at sub-regional and 
trans-regional scales. 

 An excellent test-bed for nationally important water-energy challenges: 
• Climate impacts on the water-energy nexus
• Disruptive events: fire, floods, infrastructure failure
• Fully allocated water rights
• Growing population
• Rapid and extensive energy development
• Abundant brackish and produced water supplies
• Need for novel cooling and other next-generation technologies
• Large potential for renewable energy insertion and integration at the water-

energy nexus
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Western Water Availability
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Climate and Water-Energy Systems Analysis

Catastrophic drought, plant mortality

Increased frequency and intensity fires

Energy: Long-term shortages

Energy: short-term disruptions

• Test Bed Focus

– Regional climate change and 
disruptive events

• Critical watersheds account for 
majority of water supply for energy

• Coupled impacts of drought, fire, 
vegetation succession, and snow-rain 
shift on water quantity, quality, and 
timing

– Interface between natural and 
engineered systems

– Impacts, Adaptation and 
Vulnerability (IAV) assessments for 
watersheds and surface and 
groundwater supply and utilization

– Uncertainty quantification and 
decision support

Colorado River Supply and Use
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Cross-Sector Interactions

Physical Earth Systems Human Systems

CLIMATE WATER LAND OTHER SECTORS
(FUTURE)

ENERGY HUMAN 
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INTEGRATED ASSESSMENT

Grid Operations

Natural Gas
Infrastructure

Liquid Fuels

Building Energy 
Demand
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Population and 
Migration
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Watershed Analysis

Natural System Engineered System

Climate
Runoff

Western Grid

Deliveries
• Electric Power
• Irrigation
• Instream Flows
• Compact Native 

American

 Framework that links natural and engineered 
systems to evaluate climate vulnerabilities:
 Multiple interdependent systems,

 Multiple interacting scales, and

 Multiple stakeholders.
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MRG Operations Planning

Develop a decision support tool that 
is consistent with and complimentary 
to the Upper Rio Grande Water 
Operations Model (URWOM). 

• The primary purpose of the tool is to 
provide a platform for rapid scenario 
screening, and 

• Educate and engage the public and 
decision makers in water operations 
decision-making and planning. 
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Heron

El Vado

Abiquiu

Cochiti

Jemez

Elephant Butte

Caballo

Operations Model for the Upper Rio Grande

Model Details:
• Colorado border to Caballo 

reservoir
• Monthly time step
• 17 river reaches
• 7 Reservoirs
• 3 groundwater basins

San Felipe to Albuquerque

RG6 Outflows

RG7 Channel
Losses

RG7 Outflows

RG7 Reach Inflows

RG7 Channel Evap

Tributary Gages

Reach RG7

JEMEZ Reservoir
Releases

RG7 Inflows

gaged mainstem
inflows

RG7 Ag Returns

Municipal Waste
Water

COA Diversions

RG7 Reach
Diversions

RG7 River Leakage
RG7 River Area

Open Water
Reference Evap

North Floodway
Channel

Bernalillo RioRancho
WW

tributary gages
scenario

rg7 ungaged
inflows

RG7 UNGAGED
FLOW CALFACT

TARGET RVR FLOW
BLW COA DIVRSN

available at coa
diversion point

RG7 Instream Flows

COA SJC DWP
START YEAR

Abstracted/Calibrated on URGWOM

McAda and Barroll 2002, Figure 7.  Albuquerque 
Basin MODFLOW model extent.  
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New Mexico's Rio Grande Compact Balance
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Likelihood of a zero flow event during the year based on minimum monthly flow
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Zero flow observed at San Marcial (1974-
2006) in 1974-75,1977-78,1981-85, 1987-96

(19/33 years)

Zero flow observed at San Acacial (1974-
2006) in 1976-78,1984,1990,2004

(6/33 years)

UPPER RIO GRANDE SIMULATION MODEL 
Critical low flows:

       Bernardo
       San Acacia
       San Marcial
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       Albuquerque
       Bernardo
       San Acacia
       San Marcial

Zero flow observed at Bernardo (1974-2005)
in 1974-75,1977-78,1981-85,1987-96

(19/32 years)
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Abiquiu Reservoir Storage
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Jemez

Interactive
Reservoir Map

Current run
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Click on individual graphs to see a
larger graph for that reservoir

Operations Model for the Upper Rio Grande
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Impact on Rio Grande Flows



“Results  are not predictions, but rather a 
starting point for dialogue and increased 

awareness of potential impacts of climate 
change.”

Roach et. al., 2013
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Impacts on Water Demand

Roach et. al., 2013
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Impacts to Reservoirs

Roach et. al., 2013
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Water Leasing Market Experiments
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Water Leasing Market Experiments

Price Results of Dry 9 
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Coupled Human-Natural System

Acequias vs. Climate Change and Urban Growth 
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Acequias vs. Climate Change and Urban Growth 
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Economic
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Hydrology
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Southwest & Southern Rocky Mountain 
Water-Energy Nexus Alliance

October 2014

Concept Plan and Progress
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Strategy Kickoff Meeting – June 24, 2014

 Los Alamos National Laboratory

 Sandia National Laboratories

 New Mexico State Engineer

 New Mexico Secretary of Energy, Minerals   
and Natural Resources

 US Bureau of Reclamation

 US Bureau of Land Management

 Public Service Co. of New Mexico

 New Mexico Oil and Gas Association

 NM US Senators’ Staff (all)

 NM US Representatives’ Staff (all)

 Nature Conservancy

 New Mexico Water Resources Research 
Institute

 University of New Mexico

 New Mexico Tech University

 New Mexico State University

 New Mexico EPSCOR

 University of Texas, El Paso

 University of Nevada Las Vegas

 University of Arizona

 Texas A&M University

 Southwest Water Technology Cluster

 Regrets from:

• National Renewable Energy Laboratory

• Colorado School of Mines

• University of Texas, Austin
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Unilateral support of participants for an integrated, 
multi agency, regional, research and development 
program to address unique energy and water issues in 
the Southwest  and Southern Rocky Mountains  


