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Sandia’s world-class science, technology, and
engineering work defines the Labs’ value to the
nation. These capabilities must remain on the
cutting edge, because the security of the U.S.
depends directly upon them. Sandia’s Laboratory
Directed Research and Development (LDRD)
Program provides the flexibility to invest in long-
term, high-risk, and potentially high-payoff
research and development that stretch the Labs’
science and technology capabilities.

LDRD supports Sandia’s four primary
strategic business objectives: nuclear weapons;
nonproliferation and materials assessment;
energy and infrastructure assurance; and military
technologies and applications; as well as an

emerging strategic objective in homeland security.

LDRD also promotes creative and innovative
research and development by funding projects
that are discretionary, short term, and often high
risk, attracting exceptional research talent from
across many disciplines.

When the LDRD logo //ZA# appears in this
issue, it indicates that at some state in the history
of the technology or program, LDRD funding
played a critical role.

On the Cover:

Sandia researcher Alicia Aragon works on a laboratory project
studying how best to remove arsenic from drinking water.
(Photo by Randy Montoya)
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The researchers
illustrate their
work with a

puzzle, showing
interlocking pieces,
illustrative of
sectors of the U.S.
energy economy,
surrounding a
missing piece.

The energy-water
nexus is the
missing part of

the puzzle.

Key sectors of water use,
according to the U.S.
Geological Survey.
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Energy—water nexus:

facing the future

Consider this:

* Energy production requires a reliable,
abundant, and predictable source of
water.

* The electricity industry is second only
to agriculture as the largest user of
fresh water in the U.S.

* America’s fossil fuel and nuclear power
generation needs require 139 billion
gallons of water per day, about 39 per-
cent of all freshwater withdrawals.

Add the fact that, at present population
growth rates, the U.S. economy will require
1,500 new power plants — almost one

Estimated freshwater withdrawals

by sector, 2000

Thermoelectric 39%

<
<

every other week — by the year 2020.
Now answer this: Where’s all the water
coming from?

Scientists from 11 national laboratories
and the Utton Transboundary Resources
Center have come together to study how
energy and water interrelate and answer this
question. They refer to the impacts of water
on energy and vice versa as a “nexus,”
suggesting a group or series of interconnec-
tions rather than a single link.

The researchers illustrate their work
with a puzzle, showing interlocking pieces,
illustrative of sectors of the U.S. energy
economy, surrounding a missing piece. The
energy-water nexus is the missing part of
the puzzle.

“Our future energy security demands
that we look at all of our natural resources,
including water,” says John Merson, pro-
gram director for Sandia’s Geoscience and
Energy Center and co-leader, with Mike
Hightower, of the Energy-Water Nexus
team. “Too often, people planning water
supply projects fail to take agriculture and
energy into consideration. These linkages

Public Supply 14%

Industrial 6%

Livestock 2%

Irrigation 39%
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Indirect uses of water — for
electricity and food — are several
times higher than direct water
use for laundry, bathing, drinking,
and other household activities.

‘Energy systems
we may rely on in
the future — such
as hydrogen, coal
liquefaction, coal
gasification, and
biomass — are
reliant on water,
as well.”

ke
.
Food ~ For Electricity For Direct
ect).  (indirect) Use

]

haven’t been addressed at the level neces-
sary for energy and water sustainability.”

This is true of both current energy re-
quirements and future requirements, Mer-
son notes. “Energy systems we may rely
on in the future — such as hydrogen, coal
liquefaction, coal gasification and biomass
— are reliant on water, as well.”

Merson and colleagues from the
National Energy Technology Laboratory
(NETL) in Pittsburgh, Pennsylvania, and
Los Alamos National Laboratory, in Los
Alamos, New Mexico, began discussing
energy-water issues about three years ago.
A presentation they made at a Department
of Energy meeting about a year and a half
ago resulted in the present team configura-
tion, says Tom Feeley, technology man-
ager at NETL and co-leader of the na-
tional Energy-Water team. Feeley’s NETL
responsibilities include a water program
focused on power plant issues. He hopes
his lab will provide support to or become

part of a larger energy-water program in
the future.

At present the group is focused on two
key objectives:

* A 15-month roadmap plan to bet-
ter define research and development
needs for energy-water issues, and

* A report to Congress, which the group
hopes to provide early next year.

There are well over a dozen govern-
ment agencies that have some respon-
sibility for water in the U.S., says Dan
Macuga, who holds program development
responsibilities for LANL in its Office of
Energy and Environmental Initiatives and
participates on the Energy-Water Nexus
team. Among the agencies are the Forest
Service, National Oceanic and Atmospher-
ic Administration, Department of Agri-
culture, Army Corps of Engineers, Envi-
ronmental Protection Agency, the Bureau
of Reclamation, and the U.S. Geological
Survey.

“We concluded that none of the agen-
cies look at the water piece of the energy
puzzle. No one agency has responsibil-
ity for water-related impacts on energy
policy, water used in energy production,
or energy used by water systems,”
Macuga says.

“We’ve developed a compelling story
about energy and water and why we
think the DOE should establish this pro-
gram, and now we’re moving forward,”
Merson adds.

Technical Contact; John Merson
505-844-2756, jamerso@sandia.gov

Michael Hightower, 505-844-5499,
mmhight@sandia.gov
[ |

With inclusion of freshwater and saline water withdrawals for thermoelectric and hydropower, the energy sector is the largest water use sector.
While part of these withdrawals is not consumptive, enough water must be available to ensure sustainable energy production. Almost without
exception...our electricity production is dependent on water supplies.

Electric Power Research Institute, 2002
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Energy-Water Nexus:
Roadmapping the research

The 11-lab Energy-Water Nexus team is working with a de-
manding schedule and limited resources to help develop a plan
for research and development across multiple economic sectors.

The goal: a roadmap for future research and development
across a number of federal agencies as well as other public and
private sector stakeholders.

At a recent meeting of the team in Albuquerque, co-lead-
ers John Merson and Mike Hightower reviewed initial plans for
the roadmap project with other members. The team has tenta-
tively planned to reach as many key stakeholders as possible,
including industry, municipalities, and agriculture, with a series
of “needs” workshops. “Ideally we want to find technologies with
impacts in multiple sectors,” says Merson.

Following the first round of workshops early in 2006, an
executive committee made up of representatives from 20 institu-
tions and organizations will begin to prioritize research needs.
The committee is being established to guide this process. “Our

far-reaching goal is to assess research gaps, implement the
roadmap plans, guide the research, and provide technology
transfer and education outreach,” says Merson.

DOE officials believe the team is on track and has identified
several key issues to this point, said team member Dan Macuga,
of Los Alamos National Laboratory. “Now it's up to us to work
with other agency programs and make use of their knowledge
and expertise to be more productive in the time we have.”

Team members represent Sandia, National Energy Technol-
ogy Laboratory, Los Alamos, Pacific Northwest National Labora-
tory, Oak Ridge National Laboratory, National Renewable Energy
Laboratory, Lawrence Livermore National Laboratory, Idaho
National Engineering and Environment Laboratory, Brookhaven
National Laboratory, Lawrence Berkeley Laboratory, and Ar-
gonne National Laboratory.

The Utton Transboundary Resources Center at the University
of New Mexico School of Law has a lengthy history of working
with stakeholders and researchers from many fields to prevent
resource disputes. Represented by its director Marilyn O’Leary,
the Utton Center will provide regulatory assessments related to
program implementation.

department, and his team-mates see big changes ahead in the
business of energy in the U.S.: all in the name of water. As they
embark on a study of energy and water issues for the U.S. Con-
gress, some of the big picture ideas are already clear. The study
will help sketch in much of the detail.

Hightower and team are in the process of looking at regional
population data, water data, and growth projections by region.
They will also look at expected water demands from other sec-
tors, including agriculture, industry, and municipalities. “We also

want to look at mixes of technologies that could be considered to

optimize transportation fuels. We are taking a systems analysis
approach to long-term sustainability issues.

“When you look at the bottom line, one of the biggest with-
drawals of water is for electrical power. We're going to have to
look at distributed generation combinations with increased en-
ergy efficiency and a larger percentage of renewables. Coastal
power plants will be supplying inland needs, resulting

in extensive electrical transmission needs. Impaired water from
power plant cooling, produced waters from oil and gas produc-
tion, and brackish subsurface waters will be used. (See stories
on page 22.) We will have to look in detail at energy efficiencies
and renewable concepts for homes and buildings. We will have
to look at transportation changes. We have to find ways of doing
more with less.”

Hightower and his colleagues on the Energy-Water Nexus
team expect to complete this first-look effort in about six months.
“This is not going to be a one-size-fits-all approach,” Hightower
continues. “We will concentrate on a regional basis at what the
‘water-for-energy’ issues are.”

Energy-water report will include:

+ Assessment of water needs for energy production for
each major energy type;
+ Examination of growing population patterns and associ-
ated concerns;
« Estimates of future energy needs and related availability
of water;
+ Analysis of issues associated with future energy and
population expansions; and
+ Alook at what federal programs are in place to address
these issues and what gaps exist.
“Armed with this information, it is going to be up to our political
leaders to take address regulatory issues and provide research

and policy direction,” says Hightower.
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Detecting toxinsinthe
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The United States
has more than
300,000 public
supply water wells,
55,000 utilities,
120,000 transient
systems at rest
stops or camp-
grounds, and tens
of millions of
hydrants.

ation’s water supplies

Two technologies, both based on
Sandia’s development of the microChem-
Lab, are expected to soon be detecting
toxins and harmful bacteria in the nation’s
water supplies.

The microChemLab, officially called
pChemlLab, is a hand-held “chemistry labo-
ratory.” The liquid-phase prototype was de-
signed and built at Sandia/California, while
the device that measures in the gas phase
was developed at Sandia/New Mexico.

Complete with the pChemlLab, elec-
tronics, and sample collector, the detection
system weighs about 25 pounds and fits
into a box the size of a small suitcase. The
only external parts of the two sensor tech-
nologies are water collectors. The units are
completely portable.

“Our goal is to place these sensors
within utility water systems and use them
to quickly determine if the water contains
harmful bacteria and toxins,” says Wayne
Einfeld, who heads the Sensor Develop-
ment Focus Area within Sandia’s Water Ini-
tiative. “This on-site monitoring approach
would replace current utility monitoring
systems that require water samples to be
sent to laboratories for analysis, which
sometimes takes days for results.”

The United States has more than
300,000 public supply water wells, 55,000
utilities, 120,000 transient systems at rest
stops or campgrounds, and tens of mil-
lions of hydrants. Up until now, real-time,
remote water quality monitoring for toxins
has been very limited.

The liquid pChemLab is currently be-
ing tested at the Contra Costa, California
Water Utility, says Jay West, California
principal investigator. Specifically, the team

Curt Mowry and the portable pChemLab water
detection system.

is testing to determine the steps necessary
to identify toxins in drinking water, as well
as expand its capabilities as an autonomous
monitor. The device is presently collect-
ing and analyzing a water sample every 30
minutes and reporting results via a real-
time data link to researchers at Sandia.

Research partners

Sandia’s cooperative research and
development agreement partners in the
California endeavor are CH2M Hill, a
leading US engineering firm, and Tenix, an
Australian engineering services company.
CH2M Hill is a global engineering and
construction management firm with particu-
lar expertise in sewer and wastewater treat-
ment design. Tenix is a company with more
than 30 years experience in water supply,
sewerage, and drainage infrastructure.

The California pChemLab identifies
proteins by separating samples into distinct
bands in seconds to minutes. Separations
occur in channels as narrow as a human
hair coiled onto a glass chip about the size
of a nickel.

Curt Mowry, principal investigator for
the New Mexico project, says his team is
seeking to develop a device that detects
trihalomethanes, undesirable by-products of
the chlorination process used to control



Jay West, Sandia California
principal investigator, is working
with the Contra Costa (California)
Water Utility to determine steps
needed to identify toxins in
drinking water using the

liquid pChemLab.

The uChemLab
system is expected
to help water utilities
control the formation
of trihalomethanes
by functioning

as a component

of a process

control loop.

the bacterial content of water. Trihalo-
methanes, which form naturally when
surface water is treated with chlorine, are
highly carcinogenic and can have adverse

liver and kidney effects. The New Mexico
project is funded through Laboratory Di-
rected Research and Development /R0
resources allocated through Sandia’s
Water Initiative.

“The EPA has regulations for water
utilities to monitor for trihalomethanes on
a regular schedule,” Mowry says. “Cur-
rently they have to collect samples and
send them to labs for analysis. They get
numbers back a few days later. This is a
scary thing for us as consumers. The way
it’s done now, they might have measured
high levels and there is chance someone
has already consumed the water before the
results return. Using the pChemLab will
provide a way to bring the labs to the site
and get results in a more timely manner.”

The uChemLab system is expected to
help water utilities control the formation
of trihalomethanes by functioning as a
component of a process control loop.

Bubbling air

New Mexico’s portable unit analyzes
a sample of water by bubbling air through
it and collecting trihalomethanes from
that air. The collector is heated, sending
the trihalomethanes through a separation
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channel and then over a surface acoustic
wave (SAW) detector.

“The collector and the separation
phase can be purchased off the shelf, but
the SAW detector is at the heart of the mi-
croChemLab,” Mowry says. “The ultimate
goal is to replace the commercial separa-
tion column with a Sandia microfabricated
column made using microelectrical-
mechanical (MEMS) fabrication tech-
nology to reduce the power needed and
increase performance.”

Commercial collectors are about four
to five inches in diameter. Microfabricated
collectors will be a half-a-square inch.
They are in development stage and need
further tuning for trihalomethanes.

The Sandia New Mexico uChemLab
uses similar concepts to the California
one — collect, separate, and detect. The
main difference is at “the front end” of
the device, where different capabilities are
needed to be able to extract gases such as
trihalomethanes from the water.

“Both systems will speed the analyti-
cal process and give the utility operator
better information in a shorter time pe-
riod,” Einfeld says. “In addition to routine
water quality monitoring, both are expect-
ed to be part of early warning systems that
can alert utility operators to intentional
contamination events that might occur at
vulnerable locations downstream from
treatment plants.”

And finally, he says, “In both of these
projects, Sandia has successfully lever-
aged MEMS-based core technologies
nurtured by various DOE programs into
the water security applications area.”

Technical Contact: Jay West
925-294-3224, jawest@sandia.gov

Curt Mowry, 505-844-6271,
cdmowry@sandia.gov

Wayne Einfeld, 505-845-8314,
weinfel@sandia.gov
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== The
" American . .
West: A delicate balance

Despite the rugged
beauty and power
of the mountains,
they contain many
delicately balanced
natural systems,
where the change
of a few degrees

in temperature

can have huge
implications.

The drought currently impacting the

American West — along with the steadily
increasing population made of people
seeking its vistas and the promise they
offer — bespeaks far-reaching change

for the region. In the West, water is often
called “lifeblood” for good reason:

* Water flows through complex systems
of dams, spillways, and pipelines to
pour out of faucets and squirt from
irrigation sprinklers in fields and cities
hundreds of miles distant.

» Water is intimately linked with power
generation — as a generator at hy-
droelectric plants and as a coolant at
thermoelectric plants, and produces
power for industry (and attendant
jobs) and lights the Little League
baseball fields, businesses, homes, and
streets of Western cities.

Water supports natural resources, tim-
ber, wildlife, and recreational activi-
ties from high-country skiing to river
rafting.

Only in the last couple of decades have
we come to realize the economic value of
ecosystems, says Howard Passell, a Sandia
researcher who specializes in hydrogeo-
ecology. “One way to think of the value
is to translate it into dollars and cents,”
he says. The ecosystem provides oxygen,
delivers fresh water, fertile soils, composts
wastes, pollinates plants, and offers fish

and forest products, and each of these
services has monetary value.

The value of water can be calculated
for whole regions — like the American
West, he says, referring to the work of
Robert Costanza, a University of Mary-
land professor and a founder of the field
called ecological economics. “Once you
recognize the very large economic value
of water, it makes more sense to expend
effort to figure out how to manage and
conserve it.”

Delicate balance

Despite the rugged beauty and power
of the mountains, they contain many
delicately balanced natural systems, where
the change of a few degrees in tempera-
ture can have huge implications. Warming
cycles impact glaciers, snowpack, snow-
melt, downstream supplies of drinking
water, availability of power, and reservoir
levels for recreation.

This has become a familiar story in
the West and participants at two recent
scientific symposia have captured some
recurring themes:

* While water supplies are impacted by
drought-related phenomena, demand
for water continues to increase.

¢ Increased susceptibility of trees to
insects has resulted in massive, wide-
spread “dieback” of forests.



Few large-scale
studies have been
completed to

date so questions
about actual water
flow and species
at risk or severity
of fire seasons still
can't be predicted.

 Suburban development and a push to-
ward “exurban development” (homes
on four- to 15-square-mile plots),
is increasing scarcity of wild lands,
increasing fire danger to these new
developments, and accentuating air
quality problems.

* Most obviously in recent summers,
enormous, destructive wildfires have
scorched the landscape, fueled by
drought, extensive dieback, and an
unsustainable policy of long-term fire
suppression.

While wildlife habitat and biodiversity
are clearly the victims of these changes,
much more must be known in order to
fully understand the big picture. Few
large-scale studies have been completed
to date, so questions about actual water
flow and species at risk or severity of fire
seasons still can’t be predicted.

A handful of researchers centered at
the U.S. Geological Survey’s Desert Labo-
ratory in Tucson, Arizona, have begun
to tackle these questions with innovative
approaches, using packrat nests and tree
rings. “Based on our research, we need to
consider the possibility that the drought
will continue for some time and plan in the
long term, rather than reacting in a short-
term way,” says Steven Gray, of U.S.G.S.

Tree-ring research
|

Tree-ring research shows that the
current exceptional drought can be put
into a longer-term perspective, reaching
back for hundreds of years — past the
chronology of living trees and historical
records. The research shows two
unusually wet events in the past 150 years
punctuated a persistent cycle of 20- to
35-year droughts. Using the content of
preserved packrat nests to get a view of
the flora in past forests, Gray and his team
have painted a picture of wet and dry
cycles over several hundred years.

By applying equations to the cycles,
the researchers show that the normal
multi-decade drought cycles impact
Colorado River flow by an estimated 2.5
million acre-feet per year. For perspective,
2.5 million acre-feet is the combined
amount that the states of Colorado and
New Mexico are legally entitled to each
year, according to the Colorado River
Water Compact. Further research ties
this picture of climate to key social
events, such as the abandonment of cliff
dwellings during the Anasazi time and the
establishment of the first Spanish colonial
period, or encomienda system, in the
Southwest.

“The late 20th century is the third
wettest multi-decadal period in the past
400 years,” says Gray. Yet during this
time, rules for distribution of Colorado
River system were set into law and the
population of the region doubled. “No
short window of observation gives us
enough data to make a good set of rules,”
he adds. Better models are needed to help
predict impacts of both climate and policy
change to avoid significant social and
economic impacts in the future.

For more information about the U.S.G.S.’s
Desert Laboratory, go to:
http:/lwwwpaztcn.wr.usgs.gov/home.html
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By Erik R. Peterson

‘The stakes are tremendously high’

An estimated 2.6
billion people cur-
rently do not have
access to sanita-
tion, but the broad-
er implications of
the sanitation chal-
lenge far transcend
the direct effects,
as profound as
they are.

Anyone taking a close look at the
challenge of water — present and future
— can easily become overwhelmed by the
scale and complexity of the issue. First,
the human dimensions of the challenge are
more nearly indescribable. The empirical
evidence only tells a small part of the story.
An estimated 1.1 billion people across the
planet currently lack access to safe water,
but that metric alone, as daunting as it is,
fails to reflect the much more significant
costs associated with water access and
quality. An estimated 2.6 billion people
currently do not have access to sanitation,
but the broader implications of the sani-
tation challenge far transcend the direct
effects, as profound as they are.

The precursor to addressing this chal-
lenge, therefore, is simply to raise our level
of understanding of the many complex dy-
namics at work in the global water calcu-
lus. Of these, two in particular are critical.
First, a sharpened understanding of the role
of technology — from the “high-tech, high-
cost” side of the technology spectrum to
the “low-tech, low-cost” end — is essential
for us to develop a differentiated approach

NSIGHTS

to the water challenge. Second, a sharper
assessment of the ways in which we can
better mobilize resources to bring safe and
reliable water and provide sanitation — our
capacity to improve our “governance” of
water — is equally necessary.

Developing understanding of these two
elements — technology and governance
— is the basis of the partnership between
Sandia National Laboratories and my or-
ganization, the Center for Strategic and In-
ternational Studies, in an effort that we call
“Global Water Futures.” For the past 18
months my CSIS colleague, Laura Keating,
and I have worked closely with colleagues
at Sandia, led by Peter Davies, director of
Sandia’s Geosciences and Environment
center, in the development of two major
workshops in Washington, D.C., and in the
writing of a joint White Paper that will be
published this fall. This effort would not
have been possible without the substantial
expertise of the Sandia team with which we
worked. The team’s command of the many
complex technology issues has comple-
mented analysis from our side on the many
governance challenges we face.

Ultimately, the goal of this Sandia-
CSIS interaction is to generate fresh ideas
and approaches that can be translated
into policy and practice. The stakes are
tremendously high. The United Nations
is projecting that by the year 2025, some
three billion people in the world could face
life-threatening water shortages.

Erik Peterson is senior vice president and
director of the Global Strategy Institute at the
Center for Strategic and International Studies,
a nonprofit and nonpartisan think tank based in
Washington, D.C.

For more information, go to: www.csis.org/gsi



“While governments invest 90 billion
dollars each year in global water

supply development, seven million still die

from water-borne disease. Even
more sadly, 2.2 million of these are children
In Africa, fifty percent of
the population suffers from some form of
water-borne disease. The bottom
line here is that billions of lives across the
planet will be affected by

how well we manage to manage the
strategic challen_ge -Of_ water
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