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Forensic: “relating to or dealing with the application of scientific knowledge to legal 
problems” (Merriam-Webster Online). In this sense, “forensic hydrology” typically refers 
to investigations of water contamination and the need to identify the causes. In fact, forensic 
investigations are not limited to water quality concerns, and more loosely defined can include 
any investigation of a water’s history. Southwest Hydrology’s approach is to look at the 
hydrologic tools available to determine the history of an event—such as water contamination, 
recharge, or groundwater capture—that matters to some entity, for example, a manufacturer, 
well owner, or municipality. This issue’s authors also touch upon ways to make forensic 
investigations successful in and out of the courtroom.

Don’t miss Southwest Hydrology’s first Regional Water Symposium, Aug. 29-Sept.1, in Tucson 
at the Westin La Paloma Resort and Spa. We have a great program with many distinguished 
speakers, with whom we will have a lively debate about growth, water supply, and quality 
of life. Visit www.watersymposium.org for details about the program, optional workshops 
and field trips, becoming a sponsor or exhibitor, student volunteer options, or to register or 
reserve your room at the resort ($109 single/double; $83 for government employees, based on 
availability). Register today—early registration rates end July 13.

Thanks to the many contributors to this issue, and as always, to our advertisers. We hope to 
see you all at the symposium!

Betsy Woodhouse, Publisher
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Some water immediately elicits questions: 
Where did it come from? How did it get 
this way? Forensic hydrology is the art 
and science of reconstructing a water’s 
history. Photo by Howard Grahn.
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Publishing Southwest Hydrology furthers SAHRA’s 
mission of promoting sustainable management 
of water resources in semi-arid regions.

This publication is supported by SAHRA (Sustainability of semi-Arid Hydrology and Riparian Areas) under the STC Program of the National Science Foundation, Agreement 
No. EAR-9876800.  Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the 
views of SAHRA or of the National Science Foundation.
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Forensic Hydrology
What is the source of perchlorate in a groundwater basin? Who released gasoline into an 
aquifer? What makes one river’s water so saline? Where does the water that supplies a 
riparian area originate? Forensic hydrology applies to both groundwater and surface water, 
and to water quality and quantity issues. A number of hydrologic “tools” are available to help 
provide answers. Isotopic analyses offer insight to a variety of investigations, as described 
in several articles. Standard geochemical analyses, microbial source tracking, aerial photos, 
and other methods can contribute valuable information, too. The key is to match the right 
tool or combination of tools to the situation to avoid ambiguous results. And, should you 
fi nd yourself invited to a courthouse, insights from our authors could help you prepare.
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Quaggas Muscle into 
Western Waters

Betsy Woodhouse – Southwest Hydrology, 
University of Arizona

The quaggas are coming! The quaggas 
are here! In January, quagga mussels were 
discovered in Lake Mead, Lake Havasu, 
and Lake Mohave on the Colorado River, 
a sighting viewed as very bad news by 
ecologists, utilities, and recreationists. 

What’s the Problem?

According to the U.S. Geological 
Survey’s Nonindigenous Aquatic 
Species Database, a primary reason 
quaggas are unwelcome is because 
they are “prodigious water filterers, 
removing substantial amounts 
of phytoplankton and suspended 
particulates from the water.” While 
this might improve the clarity of the 
water, the removal of phytoplankton 
reduces the amount of food sources 
for zooplankton and ultimately alters 
the entire food chain. Increased 
transparency in the water also 
means more and different aquatic 
plants move in, further affecting 
the ecosystem. Waste products 
from the quaggas use up oxygen 
during decomposition and reduce 
the pH to acidic levels. The intense 
filtering action of the quaggas concentrates 
organic pollutants in their tissues to 
levels more than 300,000 times greater 
than what occurs in the environment. 
These concentrated pollutants are 
released in their waste products where 
they can be passed up the food chain. 

Quaggas, formally known as Dreissena 
rostriformis bugensis, are not terribly 
large, typically measuring one-half 
to one-and-a-half inches across (see 
photo), but they are abundant. Aside 
from their biological impacts, quaggas 
rapidly colonize on hard surfaces, 
clogging water intake structures, reducing 
pumping capacities for power and water 
treatment plants, and taking over docks, 
breakwalls, buoys, and boats. They 
appear able to quickly adapt to extreme 

environmental conditions and can 
colonize on both hard and soft surfaces, 
suggesting they will be here for a while.

Where Did They Come From?

Quaggas are indigenous to the Dneiper 
River drainage of Ukraine. They spread 
by canals throughout that region, and were 
discovered in the Great Lakes in 1989, 
likely through ballast water discharged 
from transoceanic ships. The quagga 

mussel was not recognized as a species 
distinct from its similar-looking cousin, 
the zebra mussel, until 1991. The new 
species was named after an extinct African 
relative of the zebra. In 1995, 
quaggas were identified in the 
Mississippi River. Their recent 
discovery in the Colorado 
River basin was viewed as a 
large leap to their range and 
special cause for concern.

What Can Be Done?

Can quaggas be controlled? 
According to the USGS, 
although they have plagued Europe 
and North America for years, 
a chemical poison has not been 
developed because it would also harm 
other organisms. Prechlorination and 
potassium permanganate have been used 

to treat drinking water supplies, but are not 
environmentally sound solutions. Oxygen 
deprivation, thermal treatment, exposure 
and dessication, radiation, manual 
scraping, high-pressure jetting, mechanical 
filtration, removable substrates, 
molluscicides, ozone, antifouling coatings, 
electric currents, and sonic vibration have 
all been attempted with mixed results. 
Ducks, fish, and crayfish consume some 
quaggas, but with negligible impact. 

Other biological controls 
being researched include using 
selectively toxic microbes 
and parasites, disrupting the 
reproductive process, and 
inhibiting the planktonic life stage 
of the quaggas from settling. 

In response to news of the 
quaggas’ arrival, the Metropolitan 
Water District of Southern 
California (Metropolitan) 
launched a control program 
in February. The program’s 
initial detection phase began 
immediately with the purchase 
of portable decontamination 
units, deep-water surveillance 
equipment, automatic water 
samplers, and a polarizing 
microscope. During a week in 

March, Metropolitan inspectors found 
nearly 800 quaggas in siphons that direct 
Colorado River water into the California 
aqueduct system, reported the Riverside 

Press-Enterprise. The detection phase 
is expected to be completed by late 
summer, at which point Metropolitan 
will prioritize infrastructure upgrades 

and develop control measures. 

Salt River Project, 
Arizona’s largest power 
and water provider, also 

isn’t waiting around. Last 
spring, the utility stocked its 

canals with 38,000 redear sunfish, 
which eat mussels, in hopes of 

slowing the spread of the quaggas 
and delaying maintenance issues 

caused by dense mussel populations. 
The fish are native to the southeastern 

Quagga mussels attached to a plastic dock cart that had fallen into 
Lake Mead, and (below) quaggas to scale. Photos by David Britton, 
U.S. Fish and Wildlife Service, courtesy of 100thMeridian.org.

ON THE GROUND
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United States to as far west as Texas. The 
Central Arizona Project plans to stock 
them as well, a spokesperson told the 
Cronkite News Service. Both providers 
expressed doubt about how much good 
the fish can do in the long run. Russell 
Cuhel, a University of Wisconsin-Madison 

scientist who has been battling quaggas 
in the Great Lakes, expressed even less 
optimism. He told Cronkite News that “the 
idea of introducing a predator in order to 
control another species in an ecosystem 
is the single most failed management 
practice in the history of humans.” 

References
Benson, A.J., M.M. Richerson, and E. Maynard, 
2007. Dreissena rostriformis bugensis. In the USGS 
Nonindigenous Aquatic Species Database at nas.
er.usgs.gov/queries/FactSheet.asp?speciesID=95. 

Also see www.mwdh2o.com, www.pe.com, 
cronkite.blog.asu.edu, and www.srpnet.com.
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ON THE GROUND (continued)

Sewage Treatment Intrigue on 
the Border

Betsy Woodhouse – Southwest Hydrology, 
University of Arizona

The rapid growth of Tijuana, just south of 
the U.S./Mexico border from San Diego, 
has resulted in sewage treatment problems 
for both cities for decades. Tijuana does 
not have sufficient facilities to treat all its 
waste. Consequently, raw sewage flows 
into the Tijuana River, its estuary, and 
eventually to the beaches of southern 
San Diego, creating environmental and 
public health concerns. But the proposed 
solution is mired in its own cesspool 
of controversy with accusations of 
corruption and undue political influence. 

In 1990, the International Boundary 
and Water Commission (IBWC), the 
binational body responsible for applying 
boundary and water treaties between the 
United States and Mexico, signed Minute 
283 (a binding international agreement) 
providing for the construction, operation, 
and maintenance of an international 
wastewater treatment plant on the U.S. 
side of the border. The first stage of the 
South Bay International Wastewater 
Plant, which provides advanced primary 
treatment, was completed in San Ysidro 
in 1997, but the second stage has never 
been built and the plant has never met 
U.S. water treatment standards.

In 1996 a private company called Bajagua 
proposed to build a privately financed 
secondary treatment plant in Mexico 
operated under a joint public-private 
partnership. According to the Project on 
Government Oversight (POGO), both 
IBWC and the U.S. EPA rejected the 
proposal in 1999 because the plant was to 
be in Mexico (contrary to Minute 283), 
would take longer to build in Mexico, 
was not detailed enough in its plans, 
and was not supported by the Mexican 
government. Bajagua did have support 
from some members of Congress. 

Congress Takes Charge

In 2000, Congress passed the Tijuana 

River Valley Estuary and Beach 
Sewage Cleanup Act. It instructed 
IBWC to negotiate a new Minute or 
an amendment to Minute 283 to build 
and operate a secondary treatment plant 
in Mexico, and to enter into a fee-
for-services contract with the owner 
of the Mexican facility. According to 
POGO, Mexico had not agreed to have 
the facility built on its side when the 
U.S. law was passed, and over the next 
several years objected to “unilateral 
decisions made by the United States to 
award a contract for the construction 
and operation of a facility in Mexico.” 
IBWC awarded the contract to Bajagua 
without a competitive bidding process.

Then hints of possible bribery started to 
appear. Bajagua.org, a website sponsored 
and managed by the National Security 
Whistleblowers Coalition, 
claims politicians have 
aggressively supported 
Bajagua for more than 
a decade and allowed 
a sole source contract 
to be awarded without 
competitive bid. 
Among the politicians 
are California 
congressmen Randall 
“Duke” Cunningham, 
Bob Filner, and Brian 
Bilbray. Bajagua.org 
found evidence that 
Cunningham tried 
to coerce IBWC 
into giving Bajagua 
the project and that 
Filner received 
significant campaign 
contributions from 
Bajagua principals 
or their families. 
Bilbray’s name 
appeared on Bajagua’s 
payroll as a lobbyist 
shortly after he 
was voted out of 
his House seat in 
2000. Admittedly, 
Bajagua.org has no 

direct evidence that the congressmen 
took bribes to press Bajagua’s case.

Bajagua’s “Advantages”

According to Bajagua, its project will 
address the problem of raw sewage 
entering the United States. The private 
partnership may eliminate the up-front 
need for federal U.S. money for capital 
costs (although U.S. taxpayers will 
ultimately pay the bill). Bajagua will sell 
the reclaimed water to Mexico, providing 
a much-needed “new” water source in 
the region. By doing so, it will free up 
capacity in the U.S. outfall pipe. And 
according to Bajagua.org, it will make 
some private investors rich—$600 million 
to as much as $1 billion over 20 years.

Mexico has subsequently decided 
that having someone else finance and 
build a badly needed sewage treatment 

San DiegoSan Diego

Tijuana River

Tijuana River

United StatesUnited States

MexicoMexico

TijuanaTijuana

San YsidroSan Ysidro

Due to its proximity to the U.S./Mexican border, Tijuana’s raw sewage problems 
are a concern to both countries. 
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plant and provide recycled water for 
its use would not be such a bad thing. 
Bajagua’s company website now 
flashes “Mexico Endorses Bajagua.”  

But the controversy continues. A federal 
court has ordered IBWC to ensure that 
U.S. water quality standards are being 
met along the border by Sept. 30, 2008, 
and Bajagua has fallen behind schedule. 
Bajagua missed a May 2 deadline for 
having financing in place and awarding 
a construction contract, and requested an 
extension, according to the San Diego 
Tribune. Subsequently, Carlos Marin, 
IBWC chief commissioner, “suspended all 
activities” relating to the Bajagua project 
pending a federal judge’s decision on the 
request, reported the Tribune. One IBWC 
spokesperson admitted that upgrading the 
existing IBWC plant in San Ysidro would 
be more cost-effective, the newspaper said; 
that option appears to still be on the table. 

The Real Issue

Detractors on both sides of the border 
say that the project does not address the 
issues of who will use, store, deliver, 
and control the quality of the recycled 
water, nor will it address the unconnected  
sewage that crosses the border from 
some Tijuana neighborhoods and is a 
major source of the pollution on San 
Diego’s beaches, said the Tribune.

In May, Briggs Law Corporation released 
a report on the Bajagua debate prepared 
for the San Diego Foundation. It stated 
that uncollected, untreated sewage in 
Tijuana is a far greater environmental 
problem than the current undercapacity 
for treating the sewage that is collected. 
The report placed much of the blame for 
the sewage crisis on the fact that IBWC 
is not an environmental or planning 
agency, yet the oversight of such an 
agency is what has been needed.

Visit www.bajagua.com (the company website), www.
nswbc.org (the National Security Whistleblowers 
Coalition), www.pogo.org/p/contracts/Bajagua/co-
060301-Bajagua.html, and www.signonsandiego.com. 
Briggs Law report is at www.briggslawcorp.com/
sewagecrisis/Bajagua_Report_FINAL.pdf.
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SNWA to Receive Rural Nevada 
Groundwater

On April 16, Nevada’s state engineer 
approved a portion of the groundwater 
rights applications the Southern 
Nevada Water Authority (SNWA) 
submitted for Spring Valley in White 
Pine County, enabling SNWA to 
develop a maximum of 60,000 acre-
feet annually from the rural eastern 
Nevada basin. SNWA had applied for 
rights to 91,000 acre-feet per year.

Under terms of the decision, SNWA can 
pump 40,000 acre-feet annually from the 
basin for 10 years. At that point, SNWA 
will be allowed an additional 20,000 acre-
feet annually from the basin based on the 
results of monitoring and impact analysis.

The first water deliveries from Spring 
Valley to southern Nevada are not 
expected until 2014 at the earliest, pending 
construction of a 285-mile pipeline, among 
other things.

The state engineer’s approval also 
requires protecting existing groundwater 
rights in the basin, the ability for future 
groundwater growth and development 

in Spring Valley, and a comprehensive 
monitoring, management and 
environmental mitigation plan.

Visit www.snwa.com.

Review of EPA Identifies 
Strategic Weaknesses

A report issued in March by the U.S. 
EPA Science Advisory Board (SAB) 
identified several weaknesses in the 
strategic direction of the agency’s major 
research programs. The strategic review 
focused on four key cross-program areas: 
the impacts of climate change, sensitive 
populations (human and ecological), the 
environmental consequences of urban 
sprawl, and large-scale natural and 
man-made environmental disasters. 

Overall, the SAB found that severe 
budget constraints “appear to have caused 
EPA’s research planning to become more 
reactive and less strategic.” Furthermore, 
with a few exceptions, research funding 
decisions “appear to be incremental 
rather than strategic, causing research 
programs to focus more on yesterday’s 
issues and less on new and emerging 
environmental problems.” EPA “urgently 
needs to develop a higher-level research 

planning effort that can consider and 
adjust the balance and focus among 
major program areas and increase 
coordination and collaboration across 
program areas.” SAB expressed “grave 
concerns about the decreased trend in 
the funding of ecosystems research, 
decreased funding of STAR (Science 
To Achieve Results) extramural and 
fellowship programs, and the elimination 
of the economics and decision-sciences 
research program,” that resulted from 
the President’s FY 2008 budget. 

The 38-member SAB panel largely 
represents research universities, but also 
includes representatives from federal 
and state governments and 
nongovernmental organizations.

The report is available at 
www.epa.gov/sab/pdf/sab-07-004.pdf.

Reclamation Releases 
Draft EIS on CO River 
Shortage Guidelines

In late February, the U.S. Bureau of 
Reclamation released for public review 
and comment a draft Environmental 
Impact Statement (EIS) on proposed 
interim guidelines for managing 
the Colorado River storage system, 
particularly under drought and low 
reservoir conditions. The guidelines, 
which would extend through 2026, would 
be used for determining shortages in the 
Lower Colorado Basin and coordinating 
operations for Lake Powell and Lake 
Mead reservoirs. The guidelines were 
developed to improve Reclamation’s 
management of the Colorado River, 
provide mainstream U.S. users of 
Colorado River water a greater degree 
of predictability regarding annual water 
deliveries in future years, and provide 
additional mechanisms for the storage and 
delivery of water supplies in Lake Mead.  

The draft EIS presents four possible 
alternatives for implementation plus a 
“no action” alternative, and the potential 
environmental implications of each. 

GOVERNMENT

HydroFacts
Percent increase in global population during 20th century: 300

Percent increase in water used for agricultural irrigation: 500

Total land area of the world: 32 billion acres

 Percent land area in pasture: 27

 Percent land area cultivated: 12

 Percent cultivated land area with rain-fed crops: 10

 Percent cultivated land area that is irrigated: 2 

Annual withdrawals from rivers and aquifers for irrigation: 1.86 billion acre-feet 

Estimated amount of water effectively consumed by crops: 728 million acre-feet 

 Percent global average irrigation efficiency: 39 

Hours women and girls walk for water each day, globally: 200 million 

Sources: UNESCO Water Portal Weekly Newsletter #185, April 2007 and WaterPartners International
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The “Basin States” alternative, 
developed by the seven basin states, 
proposes a coordinated operation of 
lakes Powell and Mead to minimize 
Lower Basin shortages and avoid risk of 
curtailments of Upper Basin water use. 

The “Conservation Before Shortage” 
alternative, developed by a consortium of 
nongovernmental organizations, includes 
voluntary, compensated reductions 
in water use to minimize involuntary 
shortages in the Lower Basin and avoid 
risk of curtailments in the Upper Basin.  

The “Water Supply” alternative, developed 
by Reclamation, maximizes water 
deliveries at the expense of retaining 
water storage in the reservoirs for future 
use. Thus, full water deliveries would 
be released from Lake Mead until the 
water level falls below the point at 
which any more could be released. 

The “Reservoir Storage” alternative, 
developed by Reclamation with 
cooperating agencies and other 
stakeholders, would keep more 
water in storage in lakes Powell and 
Mead by reducing water deliveries 
and increasing shortages to benefit 
power and recreational interests.

Following release of the draft EIS, public 
comments were accepted for 60 days. 
Those comments are now being used 
to identify the preferred alternative, 
which will be expressed in the Final 
EIS published in September 2007.  

View the draft EIS at www.usbr.gov/lc/region/
programs/strategies.html.  

Central Valley Drainage Plans 
Put Forward

Hundreds of thousands of acres of 
farmland in California’s Central Valley 
is irrigated by imported water purchased 
by water districts from the U.S. Bureau 
of Reclamation. But that imported 
water contains abundant salts that are 
accumulating in the soils. The salinity 
has increased to the point that continued 

agricultural productivity is at risk. In 
2000, five years after Westlands Water 
District sued the federal government for 
reneging on its obligation to help drain 
the land, the 9th Circuit Court of Appeals 
ruled that indeed Reclamation is obligated 
to provide drainage. In July 2006, 
Reclamation issued a final environmental 
impact statement (EIS) describing 
alternatives for providing drainage. 

In March, Reclamation selected the In-
Valley Water Needs Land Retirement 
alternative, which calls for retiring a 
total of 194,000 acres from irrigated 
agriculture (44,106 acres have already 
been retired). This plan also includes 
collector systems, drainage water reuse 
facilities, treatment systems, evaporation 
ponds, and mitigation measures. 

U.S. Fish and Wildlife biologists expressed 
concern that proposed evaporation ponds 
would be toxic to birds, according to the 
Los Angeles Times. In the 1980s, millions 
of migratory birds were poisoned by 
high levels of selenium in ponds that 
received irrigation drainage at nearby 
Kesterson National Wildlife Refuge. 
The ponds subsequently were filled in. 
Reclamation said a similar problem would 

be avoided under the new plan by 
constructing the more than 2,000 acres 
of evaporation ponds in a way that is not 
attractive to wildlife, said the Times.

Meanwhile, Reclamation estimated that the 
project would cost at least $2.2 billion, an 
amount deemed not economically justified 
or of “net positive national benefit.” 
Furthermore, the agency doubted it could 
obtain the necessary appropriations in 
light of constraints on the federal budget. 
Therefore, Reclamation concurrently 
began developing an alternative that 
would provide the drainage needed for 
agriculture and also eliminate the agency’s 
liability, minimize the need for federal 
funding, benefit the environment, avoid 
third party impacts, and be compatible 
with State Water Project operations. 

In a February report, Reclamation outlined 
concepts of a new alternative that would 
place the drainage obligation on the 
irrigation contractors (water districts), 
relieving Reclamation of any further 
obligation in exchange for the transfer of 
certain Central Valley Project facilities and 
water rights to the water districts. Such an 
agreement would require Congressional 

continued next page
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GOVERNMENT (continued)
approval, as does Reclamation’s 
selection of the In-Valley alternative. 
According to the Times, Tom Graff of 
Environmental Defense predicts that 
Congress will draft its own alternative, 
which will be completely different from 
either of the two now being considered.

Visit www.usbr.gov and www.latimes.com.

Must CA Remove All 
Levee Trees?

A U.S. Army Corps of Engineers (ACE) 
policy that requires all trees and 
vegetation to be cleared from levees 
is causing an uproar in California’s 
Central Valley. Since Hurricane Katrina 
wreaked havoc on Gulf Coast levees, 
the condition of California’s levees has 
come under scrutiny. Now, this national 
policy is to be applied in California, 
where tree-lined levees are often the 
only riparian habitat available, reported 

the Sacramento Bee. Removing the trees 
would not only severely compromise 
aesthetic appeal, but also would violate 
other federal laws, particularly those 
protecting endangered species habitat.

According to the Bee, state and federal 
officials are trying to negotiate a 
compromise that would allow a limited 
amount of vegetation to remain. “The 
policy is largely based on conditions 
on the Mississippi and Missouri rivers, 
where ample wildlife habitat exists 
between levees and the water’s edge,” 
said the article. Vegetation is prohibited 
in order to “preserve channel capacity 
and allow access for inspection and 
repair.” California levees were designed 
to promote rapid discharge to flush mine 
debris out of the rivers, thus they are close 
together, and the water is up against them.

Not all corps personnel appear to back 
the tree-free policy. Jim Sandner of 
ACE’s Sacramento district told the Bee 

that his office has “coordinated with 
environmental agencies … to incorporate 
vegetation in our flood control systems 
to provide shade and habitat for 
endangered species here in California.” 
In fact, vegetation planting on the levees 
is encouraged in ACE’s maintenance 
manual for the Sacramento River flood 
control system. John McMahon, the 
corps’ regional commander, commented 
to the Bee that cutting down the trees 
could leave behind roots that provide 
pathways for water seepage as they rot. 
However, Dana Cruikshank from ACE’s 
headquarters told the newspaper that 
although California will not be granted 
an exemption to the policy, revisions 
to the standards expected by the end of 
2007 may allow “very small brush, very 
small trees in some circumstances … but 
nothing beyond a very small tree. And 
of course there will be some spots where 
there would be no vegetation at all.”

Visit www.sacbee.com. 

Water Management Consultants is an 
international company providing specialized 
services in groundwater, surface water, 
geochemistry and engineering.

The company is expanding rapidly and has an 
interesting and challenging portfolio of projects 
in the US.  Excellent experience and career 
development is offered to motivated individuals, 
together with competitive salary and benefits.  
Suitable candidates are sought for the following 
vacancies, based in our Tucson, Reno, and 
Denver Offices: 

Senior Hydrogeologist
A minimum of 7 year experience with a Masters 
Degree in Hydrology or closely related 
discipline.  Skills in numerical groundwater flow 
modeling would be a strong advantage. 

Staff and Project Hydrogeologists
Graduate through 4 years experience, with a 
Masters Degree in Hydrology or closely related 
discipline.  Strong ability in numerical and 
analytical hydrogeology and a willingness to 
participate in field programs. 

For further information or to arrange an 
interview please contact Piccola Dowling:
Telephone:  520 319-0725
Email: pdowling@watermc.com
3845 N Business Center Drive, Suite 107
Tucson, Arizona, 85705. 

Hydrogeologists Needed
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Aug. 29 - Sept. 1, 2007
Westin La Paloma Resort & Spa

Tucson, Arizona

www.watersymposium.org

Sustainable Water
  Unlimited Growth

       Quality of Life

Sustainable Water
  Unlimited Growth

       Quality of Life

Can We Have It All?Can We Have It All?

Water supply versus policy

Dealing with growth

Riparian restoration and preservation

Border region energy/water issues

Regional water resources management

• Tools and methods for land-subsidence studies

• ESRI/ArcGIS hydro tools workshop

• Water well performance

• All-appropriate inquiry

• Scenario development and applications

• Rainwater harvesting

• Sonoita Creek Natural Area

• Tucson's water cycle

• Rainwater harvesting for sustainable living

Early 
registration 
rates end 
July 13!

Book your 
room now!
Rooms at the beautiful 

Westin La Paloma 

Resort and Spa are 

going fast at the special 

conference rate of 

$109, and just $83 for 

government employees.

Corporate Sponsors
Archaeological Consulting Services Ltd.
Hargis + Associates
hydroGEOPHYSICS Inc.
INTERA
Layne Christensen Company
Sandia National Labs 
URS Corporation
WDC Exploration and Wells
Zonge Engineering and Research

Exclusive Event Sponsors
Central Arizona Project
Haley & Aldrich, Inc.
LFR
The Nature Conservancy

Interested in becoming an exhibitor or sponsor? 
Visit www.watersymposium.com.

2007 Regional Water Symposium

J O I N T L Y  P R E S E N T

Additional sponsors:

Workshops and field trips:

Key topics:
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T
he term forensic, as applied 
to subdisciplines within the 
geosciences, first appeared 

during the late 1970s. At that time, 
concerns about contamination of soil and 
groundwater resources were coming to 
the forefront, and those of us working in 
this emerging arena coined terms such 
as forensic geochemistry and forensic 
geology to describe the use of geochemical 
or geological techniques to identify 
potential sources of contamination. By 
the 1990s, with concerns abounding about 
the impact of anthropogenic activities on 
the environment, a new, all-encompassing 
discipline appeared: environmental 
forensics. Today, environmental 
investigations of a forensic nature, 
including forensic hydrology, fall under the 
broad umbrella of environmental forensics.

Despite the terminology, the nature of 
any geoscience is forensic. Geoscientists 
were “geodetectives” long before the 
advent of environmental forensics; 
the Earth provides clues that we must 
decipher in order to tell its story. 
Whether we are interested in earth 
history 4.5 billion years ago, 450 
million years ago, or environmental 
contamination that occurred 4.5 years 
ago, our approach has always been 
predicated on forensic earth sciences.

Tools for Forensic Hydrology
A variety of approaches can be used 
to trace groundwater and dissolved 
contaminants. Here, the more common 
methods are discussed in the context 

of contaminants of concern and 
issues encountered in hydrology. 

Examining flowpaths: Forensic 
hydrologic investigations commence with 
flowpaths, both current and historic, and 
flow velocity. Contaminant migration 
on the surface or in the subsurface is a 
function of aqueous flow, particularly 
if the contaminant has a moderate 
level of solubility in aqueous media. 

In cases where surface hydrology may 
have controlled contaminant migration, 
examination of historic aerial photographs 
can provide significant insight into the 
migration and distribution of contaminants 
at the site. For example, imagine a site 
where contamination is identified in soil 
but located transverse to and isolated 
from the current surface water flow. 
Historic aerial photographs of the region 
could indicate the presence of flowpaths 
that were once present but subsequently 
destroyed, such as by development 
and grading. If, on the other hand, 
photography shows no such history, other 
offsite sources of the contamination may 
have to be considered and evaluated. 

Once contaminants pass through the vadose 
zone and enter groundwater, the flow 
rate and direction of groundwater flow 

become critical to forensic investigations. 
Modeling subsurface flow sometimes 
can lead to estimates of when the 
contaminant was released, and if or when 
the contaminant could impact potable 
groundwater resources. Groundwater 
modeling is clearly one of, if not the most, 
important facets in forensic hydrology.

Geochemical analysis: General cation 
and anion analyses of groundwater 
are another means to evaluate genetic 
relationships among groundwaters. 
In addition to assessing changes in 
groundwater chemistry along flowpaths 
using Piper and Stiff diagrams, the results 
can provide information on hydrologic 
continuity, allowing forensic hydrologists 
to predict where contamination may 
migrate should an aquifer be impacted.

Examining stable isotopes of hydrogen 
and oxygen: Hydrogen and oxygen 
isotope analyses are both used routinely 
to discriminate among groundwater 
sources; similar isotopic ratios indicate 
genetically related groundwater (see 
page 18). Observed changes or trends in 
hydrogen/oxygen isotopic ratios provide 
information on water-rock interactions 
as well as evaporation. Tritium (3H), a 
radioactive isotope of hydrogen, is an 
important tool for dating groundwater 
either in a semi-quantitative fashion using 
tritium units or via radiometric dating 
by measuring the abundances of tritium 
relative to its decay product, helium-3. 

Richard W. Hurst –
California State University, Los Angeles and Hurst & Associates Inc.

Geoscientists were 
“geodetectives” long 
before the advent of 
environmental forensics.

of Forensic Hydrolo
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Fingerprinting Techniques
Element/element ratios, stable isotopes, 
and organic/inorganic geochemistry can 
be used to trace specific contaminants of 
concern (CoCs). The discussion below 
focuses on isotopes, each of which may be 
integrated with appropriate element/element 
ratios or organic/inorganic analyses. 

Hydrocarbons: Evaluating sources of 
hydrocarbons in soil and groundwater can 
involve many fingerprinting techniques (see 
page 26). PIANO (paraffins, isoparaffins, 
aromatics, napthenes, olefins), light stable 
isotopes (carbon, hydrogen, oxygen, 
nitrogen, sulfur), and lead isotope analyses 
of hydrocarbons can be used to assess 
genetic relationships among fugitive 
releases. Light stable isotopes and organic 
compound ratios can also be used to 
monitor degradation. And lead isotope 
ratios have been effective in estimating 
the year of leaded gasoline releases.

Sewage, industrial, and agricultural 
leachate: Nitrates, perchlorates, saline 
waters, and metals are prime CoCs for 
groundwater resources exposed to sewage 
or to industrial or agricultural waste 
streams. Given the present-day proximity 
of urban environments to agricultural 
resources in some areas, the CoCs can be 
quite diverse, as are the forensic techniques 
to assess impacts to such resources.

When dealing with nitrate or perchlorate 
contamination, light stable isotopes of 

nitrogen and chlorine, respectively, have 
been integrated with oxygen isotopes 
to evaluate contaminant sources as 
well as degradation pathways (see 
page 22). Heavier isotopes, such as 
those of strontium, can also help to 
discriminate among sources of nitrate 
and perchlorate. Likewise, saline waters 
associated with seawater intrusion, 
oilfield brines, and agricultural runoff 
often can be traced using hydrogen/
oxygen, chlorine, or strontium isotopes.

Heavy metal contamination is primarily 
related to industrial activities and mining. 
Lead is undoubtedly the most notorious 
heavy metal, but contamination associated 
with chromium VI, mercury, and arsenic 
is becoming more prevalent. With the 
exception of arsenic, tracing these metals 
has relied upon utilizing isotopes of each 
specific CoC. Lead isotopes have played 
an important role in assessing sources of 
both arsenic and lead (see box above).

Choose the Right Mix
To say that the issues within forensic 
hydrology are diverse is an understatement. 
As urbanization encroaches upon rural 
areas, groundwater resources may be 
impacted by contaminants derived from 
a multitude of sources. As a result, the 
forensic hydrologist must now employ 
a wide variety of techniques, some of 
which have been discussed here. Our 
ability to protect and preserve groundwater 
resources lies in our ability to choose the 

right combination of forensic techniques 
that can be integrated with a sound 
sampling strategy, are economically 
feasible, and can expedite the solution 
to the problem at hand. The articles 
presented in this issue provide several 
examples of studies that do just that.

Contact Richard Hurst at alasrwh@aol.com. 

Strontium (Sr) and lead (Pb) isotopic ratios measured in samples 
relative to those of flyash (Delta R7/6 notation) shown with distance from 
the generating station. The magnitude of the differences are shown as 
percentages for lead and per mil (thousand) for strontium isotopic ratios.

Example: The Case of the Flyash
A study of the Mohave Generating Station, a 1,580-megawatt coal-

fired power plant located in Laughlin, Nevada, aimed to determine if 

heavy metals present in flyash generated by coal combustion were 

being transported to local surface waters and water in embayments 

along the Colorado River. 

Isotopes of strontium and lead were used in the study because: 

1) abundances of these elements in flyash far exceed those of local 

background soils and groundwater; and 2) the strontium and lead 

isotope ratios (87Sr/86Sr and 206Pb/207Pb) of flyash differed significantly 

from those of Colorado River water. Results are shown at right. 

The data showed that within about 1 km of the Mohave Generating 

Station, surface waters were severely impacted by metals leached 

from flyash. The impact decreased with distance, such that lead 

isotope ratios return to those of pristine Colorado River water at 

distances about 4 km from the facility, while strontium isotope ratios 

exhibited impacts to about 6 to 8 km away. The Mohave Generating 

Station ceased operation in 2005.
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Tracking Groundwater Sources Tracking Groundwater Sources 
with Environmental Isotopeswith Environmental Isotopes

T
he application of environmental 
isotopes provides a forensic tool 
that could help resolve legal and 

water accounting disputes in the Lower 
Colorado River Basin (LCBR; see map). 
One such dispute involves the relationship 
between groundwater pumping in the basin  
and consumptive use of Colorado River 
water. Article I of a 1964 U.S. Supreme 
Court decree considered consumptive 
use to include “water drawn from the 
mainstream by underground pumping.” 
The U.S. Bureau of Reclamation has 
presumed that wells located on the 
Colorado River flood plain and certain 
other wells on the surrounding alluvial 
terraces yield river water. With technical 
assistance from the U.S. Geological 
Survey, in 1994, Reclamation proposed an 
“accounting surface” method to address 
wells outside the flood plain. The method 
relies on a hydraulic criterion: wells that 
have a static water-level elevation equal 
to or below the published accounting 
surface are presumed to yield water that 
will be replaced by water from the river 
(Wilson and Owen-Joyce, 1994). There 
are several thousand such wells in Arizona 
and California. While the proposed 
changes in river water accounting have 
several operational advantages for 
Reclamation, one foreseeable criticism is 
that the method does not provide direct 
evidence that a well yields mainstream 
water. A method that could distinguish 
between withdrawals of mainstream 
or locally recharged tributary water 
would be a welcome advance.

Guay and others (2006) demonstrated the 
beneficial use of environmental isotopes 
in distinguishing groundwater sources 
along the LCRB. They found that stable 

hydrogen and oxygen isotopes and tritium 
provide an indication of the origin of 
groundwater in wells along the river. 
They published new isotope data for five 
surface-water and 18 groundwater sites 
around Topock Marsh, Arizona, near 
Needles, California. These data were 
compared with river-water data from 1974 
to 2002 from 11 sites between the Utah 
and Mexico borders and with groundwater 
data from previous LCRB studies. 

This research revealed essentially three 
groundwater sources along the LCRB. 
Representative data from Mohave Valley 
illustrate (below) the relative plotting 
positions of δ18O and δD pairs (see sidebar, 
opposite page) from waters throughout 
the LCRB. First, there is locally recharged 
precipitation, usually winter rain. This 
was easily confirmed with several water 

samples that were taken from wells and 
springs above the elevation of the nearby 
river. The isotopic values plot slightly 
below the global meteoric water line 
(GMWL) and have δD values that are 
about 20 parts per thousand (per mil) 
greater than those of recent river water, 
consistent with precipitation data from 
Friedman and others (1992) and Smith and 
others (1992). The GMWL is defined by 
the annual average isotope compositions of 
precipitation at locations around the globe.

Next and somewhat surprising was the 
finding of “older” (pre-1950) UCRB 
river water in the LCRB river aquifer. It 
appears that pre-1950 and possibly pre-
dam water, with isotopic values similar 
to modern and relatively unevaporated 
UCRB water, is still present in some 
wells. This finding was confirmed using 

Bradley E. Guay – U.S. Army Corps of Engineers and Christopher J. Eastoe – University of Arizona
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Representative δ18O-δD pairs from groundwater and surface-water types collected in the 1990s in 
Mohave Valley, CA. Locally recharged samples came from wells and springs above river elevation 
and a few deeper wells on alluvial terraces. Local recharge is generally derived from winter rain, 
with δD about -71‰ (Friedman and others, 1992). Older Colorado River water has values similar 
to UCRB river water, derived primarily from snowmelt (Wyman, 1997). Recent Colorado River 
samples were collected in Laughlin, Nevada and near Needles, California. For clarity, mixed 
waters, although common, are not shown.

View of Topock Marsh.
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tritium, as water that predates 1950 
contains no measurable tritium whereas 
water that postdates the bomb pulse has 
measurable tritium. These UCRB waters 
plot on or near the GMWL and are 

distinct from local rainfall and recent river 
water. River-water tritium has declined 
steadily from its peak of 716 tritium units 
(TU) in 1967 to about 8 TU in 2007. 

Third, there is “recent” (post-1950) 
Colorado River water, which includes 
Topock Marsh samples. Recent river 
water values naturally vary slightly and 
plot below and away from the GMWL. 
However, once this water experiences 
significant evaporation, as in Topock 
Marsh, its isotopic values attenuate 
along a distinctive evaporation trend. 
Large floods, as in 1983, complicate this 
interpretation by routing less evaporated 
Upper Colorado River Basin (UCRB) 
water into the LCRB. Mixtures of all 
three groundwater sources are common in 
more comprehensive datasets. In addition, 
a potential fourth water type, which 
was not recognized in the LCRB study 

but has been detected elsewhere, is 
recharge from ancient precipitation.

The unusual robustness of isotopic 
data from the LCRB derives from 
the river basin’s physical geography 
and modern hydraulic controls. As 
more data are accumulated, isotope 
measurements of δ18O, δD, and tritium 
may provide a useful supplement to 
Reclamation’s accounting surface 
method. Without isotopic data, the 
accounting surface falls short because 
it can only demonstrate the physical 
potential for water movement from 
the river toward a well. Conventional 
geochemical data are useful but rarely 
provide a direct indication of a water’s 
source. Isotopes, on the other hand, 
can and have resolved water resource 
disputes in many situations. In the 

short term, isotopes are unlikely to indicate 
capture of river water as a result of 
pumping at a distance from the river, but 
long-term monitoring of isotopic values 
could signal basin-scale shifts (or lack of 
predicted shifts) in the boundary between 
groundwater derived from tributaries and 
from the river. Such information could 
be used to promote water conservation 
and resource planning in rapidly 
growing Southwestern communities.

Contact Bradley Guay at Bradley.E.Guay@erdc.
usace.army.mil and Christopher Eastoe at eastoe@
email.arizona.edu. 
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Intro to Isotopes

Isotopes of a particular element have 
the same number of protons but a 
different number of neutrons, resulting 
in different atomic weights. When light 
elements such as oxygen, hydrogen, 
carbon, nitrogen, and sulfur undergo 
biogeochemical and physical processes, 
the difference in mass can cause one 
of the isotopes to be preferentially 
selected over the other, resulting in a 
product with a different isotopic ratio 
than the original. This selection process 
is called fractionation. An example 
is evaporation from a stream, where 
the water vapor will contain more 
of the lighter oxygen isotope than 
the stream, which in turn becomes 
“enriched” in the heavier isotope.

Stable isotopes do not change their 
atomic structure. Hydrogen has two 
stable isotopes, 1H and 2H (deuterium, 
D), with the numbers referring to the 
atomic weight. The most common 
isotopes of oxygen are 18O and 16O. 
Stable isotope data are reported relative 
to a standard material (ocean water 
in the case of hydrogen and oxygen 
isotopes) using the delta (δ) notation. 
The delta values represent deviation from 
the standard in parts per thousand (per 
mil, ‰). The values of δD and δ18O (and 
other stable isotopes) measured in water 
samples can provide information on the 
processes (such as evaporation) that 
have affected it and suggest its source. 

Radioactive isotopes undergo 
spontaneous radioactive decay to form 
new elements or isotopes, and are used 
to determine the relative or absolute 
age of water. Large amounts of tritium, 
a radioactive isotope of hydrogen (3H), 
were introduced to the atmosphere 
by thermonuclear weapons testing 
from 1952 to 1972, and then entered 
the subsurface in precipitation. Thus, 
groundwater samples that contain 
measurable tritium are considered to 
be evidence of “post-bomb” recharge. 
Tritium is measured in tritium units 
(TU), in which one TU equals one 
tritium atom per 1018 1H atoms. Tritium 
has a half-life of 12.3 years, and 
its usefulness is declining, as it will 
become harder to distinguish decayed 
post-bomb samples from pre-bomb 
samples. Other radioactive isotopes, 
such as 14C and 36Cl, have much longer 
half-lives and are useful for dating 
groundwater less than 40,000 (14C) to 
more than one million years old (36Cl).

This research revealed 
essentially three 
groundwater sources 
along the Lower 
Colorado Basin

Map of Colorado River watershed showing the 
Lower Colorado River Basin (shaded) and Topock 
Marsh study area
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W
ater resources of the Rio 
Grande and its alluvial 
aquifer downstream of 

El Paso are shared by many users in 
both the United States and Mexico. 
The groundwater is used primarily to 
supplement surface-water irrigation 
from the river, and is vital to sustain 
agriculture during periods of drought. 

Groundwater in the alluvial aquifer 
is saline, and the quality of both 
groundwater and surface water deteriorates 
progressively downstream of El Paso. 
Historically, the groundwater salinization 
has been thought to result from irrigation 
practices along the Rio Grande. The 
postulated model is that irrigation water 
becomes increasingly saline through 
evaporative concentration. Concentrated 
recharge moves downgradient, or 
discharges into the Rio Grande, then is 
re-applied to crops further downstream. 
Evaporation of already saline water 
further increases salinity and accelerates 
the formation of salt crusts in irrigated 
soils. Over-irrigation causes these salts 
to leach into the shallow water table, 
increasing the groundwater salinity. 
Saline groundwater is later used to 
irrigate fields during drought, repeating 
the cycle of salinity enrichment. 

Agricultural and Geologic Factors 

in Salinization
The salinity of alluvial groundwater 
below El Paso is uncommonly high 
compared to other alluvial aquifers in 

the Rio Grande Basin. Is this salinity 
due only to agricultural return flows, 
or could geological factors be part of 
the problem? Hibbs and Darling (1995) 
discussed potential sources of salinity 
in the Rio Grande aquifer, including: 
1) recycling of irrigation water in heavily 
irrigated areas; 2) intrusion of Rio Grande 
water and evaporative concentration by 
phreatophytes; and 3) upwelling of saline 
waters from evaporite units in deeper 
strata (see diagram, opposite page). The 
latter source is based on a finding of high 
chlorine/bromine weight ratio (Cl/Br 
ratio) in both the river and the alluvial 
aquifer near Fabens, Texas, 30 
miles downstream of El Paso. 

Subsequently, Phillips and 
others (2003) and Dadakis 
(2004) showed that total 
dissolved solids, Cl/Br ratios, 
and chloride concentrations 
increase in the river and the 
alluvial aquifer downstream of 
El Paso. Because chlorine and 
bromine are nonreactive, their 
ratio is conservative and useful 
for identifying the origin, mixing, 
and evolution of groundwaters. 
Cl/Br ratios range from 50 to 
150 in precipitation, from 300 
to 600 in domestic sewage, and 
from 280 to 300 in marine water. 
They can be greater than 1,000 
in waters that react with masses 
of halite in basin evaporites, 
and less than 250 in brine 

residues that remain after precipitation of 
masses of halite (Davis and others, 2001). 
The Cl/Br ratio can serve as a solute 
tracer because it can distinguish between 
salinization due to evaporation, in which 
Cl/Br ratios do not change, and subsurface 
geologic sources such as evaporite 
dissolution that increase the ratio.

Exploration for a Geologic 

Source of Salinity
Rio Grande aquifer waters in the 
Fabens area were sampled to determine 
salinity and Cl/Br ratios. Sampling in 
this intensively irrigated reach of the 

Discovering a Geologic Salinity Source 
in the Rio Grande Aquifer
Barry Hibbs and Mercedes Merino – CEA-CREST Center, California State University, Los Angeles
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floodplain aquifer identified two distinct 
groundwater types: one relatively dilute 
(1,000 to 2,000 milligrams per liter 
[mg/L] total dissolved solids [TDS] with 

Cl/Br ratios of 550 to 900), and one 
relatively saline (2,000 to 9,000 mg/L 
TDS with Cl/Br ratios of 1,200 to 3,900). 

To determine whether an evaporite source 
exists beneath the Rio Grande aquifer, 
nested stainless steel monitoring wells 
were installed in the Fabens area and 
screened at 150 to 250 feet, 350 to 450 
feet, and 650 to 750 feet below land 
surface. Chloride and Cl/Br ratios were 
low in the deepest monitoring wells, but 
drilling in the shallowest well detected 
a very saline, silty-clay, water-bearing 
unit 150 to 250 feet below land surface, 
directly beneath the Rio Grande alluvial 
deposits. This saline water-bearing unit 
contains about 15,000 mg/L Cl and Cl/Br 
weight ratios of about 5,800. The two 
deeper monitoring wells were flowing 
artesian wells, suggesting vertical 
flow from the deeper Hueco Bolson 
deposits into the Rio Grande alluvium. 

The halide data suggest that the saline 
unit detected at 150 to 250 feet may be an 
important source of salinity in the river 
and alluvial aquifer in this area. This saline 
unit is likely a late-stage evaporite deposit 
that formed in a playa that developed 
about 1 million years ago (Hawley, 
1975). The Rio Grande established 
its present course around 0.65 million 
years ago, cutting the present El Paso 
Valley over the older evaporite deposit.

Hypothesis Testing with 

Chlorine Isotopes 
While the halide ratio data are compelling, 
other forensic tracers are required to 
confirm that upwelling from a shallow 
evaporite source is the cause of salinity. 

Chlorine radioisotopes 
were used to test 
this hypothesis. 

Due to its half-life of 
approximately 300,000 
years, chlorine-36 
(36Cl) is a useful tracer 
for studying slowly 
circulating groundwater 
systems, providing 
approximate ages 
between 50,000 and 
2 million years (Davis 
and others, 2001). A 
potential problem with 
this application is that 
geologic sources may 
contribute chloride to 
the aquifer in addition 
to that which was 
present at the time of 
recharge. As a result, the age inferred 
is that of the geologic chloride source 
(typically very old), not of recharge 
to the aquifer. In these cases however, 
chlorine isotopes can be used to identify 
and quantify chloride sources and, in 
our study, to test the hypothesis that old 
chloride dissolved from the paleophreatic 
evaporite deposit is the source of salinity. 

Samples for chlorine isotope analysis 
were collected from the end members of 

the Rio Grande surface water and from 
groundwater in the shallow evaporite 
unit 150 to 250 feet below land surface. 
Samples from a select group of wells in 
the alluvial aquifer define a mixing curve 
between these two sources and establish 
the evaporite unit as the source of 
additional salinity in the alluvial aquifer. 
As shown on the mixing curve (page 33), 
alluvial groundwater with high Cl/Br ratios 
(greater than 1,300) have demonstrably 

Chlorine isotopes 
combined with halide 
ratios provide compelling 
evidence of a geological 
source of salinity in 
the alluvial aquifer.
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R
eaders of Southwest Hydrology 
are by now familiar with the 
perchlorate problem afflicting 

groundwater basins in the West and 
elsewhere. Perchlorate is a simple 
molecule comprised of one chlorine 
and four oxygen atoms. It is used as a 
propellant for missiles and the space 
shuttle, as well as in automotive air 
bags, highway safety flares, fireworks, 
and many smaller quantity applications. 
Perchlorate also occurs naturally and 
has been detected in mineral deposits 
and at low levels in rain. It will soon be 
regulated in California due to concerns 
over health effects to the thyroid.

Perchlorate has contaminated numerous 
municipal supply wells and hundreds 
of private wells. It is a particularly 
challenging contaminant because 
it migrates at rates approximating 
the velocity of groundwater. Long 
plumes of perchlorate contamination—
measured in miles—make 
remediation difficult and costly. 

The “Perchlorate” Isotopes
As investigators delineate large 
perchlorate plumes, the proven or 
potential existence of multiple sources of 
perchlorate inevitably leads to disputes 
about which source contaminated a 
given well. Naturally occurring stable 
isotopes can be used to distinguish 
sources of water and probable sources 
of contaminants such as nitrate, 
perchlorate, and chlorinated solvents, 

using 18O/16O (δ18O) and 37Cl/35Cl (δ37Cl) 
ratios. “Isotopomers,” that is, different 
configurations of the perchlorate molecule 
that include heavier isotopes of oxygen 
and chlorine, are shown below right.

The process of sampling and analyzing 
for perchlorate isotopes is more involved 
and costly than routine water analyses. 
Samples of at least 10 mg of perchlorate 
are collected using a highly selective 
bifunctional anion-exchange resin 
(Purolite A530E). The resin cartridges 

are typically operated at a flow rate of 
about 1/8 of a gallon per minute, and 
thousands of gallons may be required to 
accumulate sufficient perchlorate mass 
for isotope analysis of low concentrations 
of perchlorate. A single sample therefore 
may take as much as a week to collect 
and cost $2,000 or more to analyze. 

Perchlorate isotope analytical methods 
are highly specialized and the domain 
of research laboratories. Currently, most 
samples are analyzed at the Environmental 
Isotope Geochemistry Laboratory of 
the University of Illinois, Chicago 

(Sturchio and others, 2007). Researchers 
at Louisiana State University have also 
developed methods for perchlorate 
isotope analysis. Results are interpreted 
by plotting the δ18O and δ37Cl ratios 
against each other, and by contrasting the 
values obtained from different sources 
of perchlorate, different locations within 
the study area, and literature values. 

The JPL Example
A recent study by NASA’s Jet Propulsion 
Laboratories (JPL) in Pasadena, 
California, illustrates the application of 
perchlorate isotope data in conjunction 
with other forensic techniques. JPL used 
perchlorate in propellant research and 
production. A well located several miles 
from the JPL site (the “Sunset Well”) was 
found to have 10 to 15 parts per billion 
perchlorate, and JPL, the nearest active 
perchlorate cleanup site, was assumed 
by some to be the source. However, the 
Raymond Basin, where the Sunset Well 
is located, has received about 1 million 
acre-feet of imported Colorado River 

Thomas K.G. Mohr – Santa Clara Valley Water District

Isotope data ... led 
NASA to conclude that 
the perchlorate found in 
the Sunset Well was of 
a different origin than 
perchlorate at JPL.
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water that contains perchlorate due 
to past large-scale releases from two 
former perchlorate production facilities 
in Henderson, Nevada (NASA, 2007). 

NASA’s study employed conventional 
groundwater geochemical analysis, 
hydrogeologic data and groundwater 
modeling, stable isotopes of water, marker 
chemicals, tritium-helium and other 
groundwater age-dating methods, and 
isotopes of strontium and perchlorate. 
Perchlorate isotope data, supported by 

the other lines of evidence, led NASA 
to conclude that the perchlorate found 
in the Sunset Well was of a different 
origin than perchlorate at JPL. NASA’s 
perchlorate isotope plot for this 
study is shown in the chart above.

NASA derived the main evidence that 
perchlorate in the Sunset Well has a 
different source than the JPL site from 
the δ18O data for perchlorate from the 
JPL site, the Colorado River sources, and 
the Sunset Well. Perchlorate at the JPL 

site has more negative δ18O values than 
were found in other wells sampled in the 
Raymond Basin or from Colorado River 
sources associated with perchlorate plants 
in Henderson, Nevada, and the Las Vegas 
Wash. In addition, groundwater modeling 
indicated that flow originating from the 
JPL site is captured by a production 
wellfield upgradient of the Sunset Well. 
This was corroborated by the absence of 
carbon tetrachloride, the primary volatile 
organic compound associated with the 
JPL site and with known JPL perchlorate, 
outside the production well capture zones.

Not All Are Convinced
Because the perchlorate isotope data 
can reflect a mixture of different 
perchlorate sources, the data have not 
initially convinced all stakeholders 
that the origin of perchlorate has been 
definitively determined by the isotope 
method. Controversy abides where 
economic conflict persists, but in the 
author’s view, the JPL study provides 
a robust demonstration of the technical 
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Perchlorate isotope plot, modified from NASA (2007). JPL site samples appear in the box; samples 
representative of Henderson, Nevada perchlorate plants are used to represent the probable range of 
past perchlorate values from the Colorado River (no actual river samples appear in this plot). Full 
context and locations of features in this plot are available in the JPL study at jplwater.nasa.gov/.  
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F
orensics and hydrology are two 
terms that may not seem to go 
together well. To the uninitiated, 

this combination may evoke images of the 
crime scene investigation that ensues when 
some patsy goes into the drink wearing 
cement overshoes. Rather, the term 
environmental forensics, essentially the 
parent discipline of forensic hydrology, has 
found its way into contemporary parlance 
owing to increasing instances of scientists 
lending support for environmental 
litigation. Such support may come in 
the form of expert testimony, factual 
testimony regarding site investigation 
matters, or simply consultations with 
attorneys to identify and explain the 

technical merits of a case. A scientist or 
engineer may even become involved 

in litigation related to errors and 
omissions arising from his/her 
own professional practice. 

Most commonly, environmental 
forensics involves “… scientific 

investigations that address contamination 
within the environmental media of air, 
water, soil and biota, and is subject to law 
court, arbitration, public debate, or formal 
argumentation” (International Society 

of Environmental Forensics). Forensic 
hydrology, of course, would be limited to 
the water component of the definition. 

But forensic hydrology is not 
necessarily limited to contamination 
issues. It may also be concerned with 
such matters as flooding, drainage, 
runoff, water supply, pumping, or 
design failures involving dams, 
bridges, or impoundments. 
Regardless of the circumstances, it 
behooves environmental scientists 
and engineers to be aware of 
certain realities well before 
becoming involved in litigation. 

Scientists in the Courtroom
First and foremost, there are important 
differences in the respective roles of 
attorneys and testifying experts in the 
courtroom. Attorneys are advocates 
who speak on behalf of or in defense 
of the client. In fact, the word advocate 
derives from a root word meaning 
lawyer; in French and Italian, the words 
meaning lawyer are avocat and avvocato, 
respectively. Although scientists and 
engineers may be retained as testifying 
experts by the attorney representing the 
client, they are not hired to be client 
advocates. Technical experts are bound 
by the ethical rules of scientific practice 
and are required by these standards to be 
factual and objective when called upon to 
offer an opinion in such situations. And 
of course, they are sworn to tell the truth 
when giving testimony before the court. 

Ethical practice in scientific investigation 
usually means adherence to precise 
procedures and methods. Fundamentally, 
the scientific method is a systematic 
procedure for understanding natural 
phenomena that comprises observation, 
hypothesis, experiment, validation, 
and generalization. Good science 
requires objective adherence to this 
method. Junk science results from 
short-cutting or avoiding this method. 

In court, testifying experts may be called 
upon to opine on a variety of issues that 

are relevant and important 
to the decision before the 
court. For example:

ENVIRONMENTAL FORENSICS:ENVIRONMENTAL FORENSICS:
Leo S. Leonhart – Hargis + Associates Inc.

It behooves scientists 
and engineers to be 
aware of certain realities 
well before becoming 
involved in litigation.

Courting Science?
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• cause and effect: Did pumping of the 
well cause another well to go dry?

• allocation: How do we apportion
blame for contamination among
multiple parties?

• timing: What is the sequence of events 
that led to this damage? Did this damage 
occur within a specified timeframe? 

• exposure: Is there a complete 
groundwater pathway between 
a source of contamination and a 
well? If so, what is the travel time? 
What was the historical distribution 
(concentration) of contaminants? 

How to Make an Attorney Squirm
Because of inherent uncertainties in 
scientific practice, opinions are often 
qualified. This uncertainty often is not 
comforting to the attorney. Experts may 
be pressed by the client’s or the opposing 
attorney to characterize the uncertainty of 
their opinions with such qualifications as: 

• “More often than not …”

• “To the best of my knowledge 
and belief ...”

• “At the present time …”

• “Based on the materials that 
I have reviewed …”

Attorneys are generally uncomfortable 
with opinions that present alternative 
hypotheses, limitations, uncertainties, 
and assumptions about the investigation 
that might invalidate conclusions. 

Other considerations are the so-called 
“Daubert criteria,” which originated as a 
result of a federal court decision, Daubert 
v. Merrell Dow Pharmaceuticals, Inc. 
This decision established the trial judge 
as a gatekeeper for admissibility of 
expert testimony and established criteria 
for determining such admissibility. 
The essential criteria involve a 
demonstration of the relevance of the 
testimony to the legal matter of the 
trial and, secondly, its reliability. 

As to relevance, it simply must be 
demonstrated that the expert’s testimony 
supports facts of consequence to 
the trial’s outcome. The reliability 
criteria, however, invoke questions 

that more directly challenge the 
quality of the science underlying the 
testimony. Specifically, with regard 
to the methodology used to arrive 
at the expert opinion: 1) Has it been 
tested? 2) Has it been subjected to 
peer review or publication? 3) Are 
the error rates known or quantifiable? 
4) Are there standards controlling its 
use? 5) Is the underlying theory of the 
methodology generally accepted in 
the relevant scientific community? 

If the opposing counsel can demonstrate 
shortcomings in one or more of these 
criteria, a Daubert challenge may be 
made, and, if successful, the testimony 
may be ruled inadmissible by the judge. 

What’s the Question?
At this point, one might ask how it 
would be possible for opposing technical 
experts, faithfully abiding by all of 
these rules and standards, to legitimately 
have opposing opinions on a particular 
technical matter. This happens commonly 

in technical forums, and therefore it 
can happen in the courtroom. However, 
in litigation support, the conflicts may 
or may not be real, depending on how 
they are orchestrated by the attorneys. 
Remember, the answers you get depend 
largely on the questions that you ask. 
Experts who are retained by attorneys 
are not given free reign over their 
investigations. Generally, they are asked 
specific questions and the scope of 
their investigation is therefore limited. 
The concept of the “whole truth” may 
be jeopardized by this strategy and 
hence the aforementioned qualifications 
become important in terms of the 
witness’ integrity and credibility. 

For example, an opinion about the extent 
of a contaminant plume in groundwater 
may or may not be answered on the 
basis of a complete data set. A decision 
to drill a new well or wells to fill in a 
data gap is generally made by counsel, 
based on expectations of the outcome. 

see Courting, page 34
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Dawn Zemo – Zemo & Associates LLC

S
ubsurface releases of petroleum 
hydrocarbons (crude oils and 
refined products) are one of the 

most frequent causes of groundwater 
contamination in the United States, 
and the subject of billions of dollars 
spent in investigation, remediation, 
and litigation. Forensics is frequently 
applied to petroleum hydrocarbon 
releases because of factors related to: 
1) the chemical complexity of petroleum; 
2) its weathering in the environment; 
and 3) frequent commingling of plumes. 
Many forensic tools are available for 
petroleum investigations; several have 
been used for decades and others are now 
more widely used due to improvements 
in laboratory analytical capabilities. 

The best tools to apply to a particular 
case depend on the questions posed, 
so clarity about the ultimate objective 
of the forensic work is important 
from the start. For example, a focus 
on product identification or source 
attribution is usually quite different 
from age-dating the release. Crude 
oil and refined products are complex 
mixtures of hundreds to thousands of 
constituents that can have widely varying 
physio-chemical properties, and some 
forensic tools are better suited to certain 
constituents than others. In addition, 
the sample media, which may be pure 
petroleum product, soil, dissolved-
phase constituents in groundwater, or 
vapors, also must be considered. 

Forensic interpretations 
regarding petroleum 
releases must also incorporate 
impacts of environmental weathering 
(by evaporation, biodegradation, or 
solubilization) and impacts of changes 
in crude oil sources or refinery 
processes because these factors 
greatly influence the composition 
of the mixture. All of these sources 
of variability differentiate forensic 
investigations of petroleum from those 
focused on discrete constituents such as 
trichloroethene, perchlorate, or nitrate.

Presently, the most commonly used 
forensic tools for petroleum releases 
are: 1) chromatogram pattern matching; 
2) analyses of discrete constituents or 
families of constituents; 3) analyses 
of additives or blending agents; 
4) biomarkers; and 5) stable isotopes. 
All of these tools have wide 
acceptance in the forensics 
community, and the peer-
reviewed literature provides many 
examples of their application. 

Because most petroleum 
constituents have low effective 
solubilities in water, the 
dissolved phase of crude oil 
and most products are similar 
and limited to relatively few 
constituents. Therefore, many 
of the classic forensic tools that 
were developed for crude oil or 

refined products can have utility for 
soil samples, but are not as useful for 
dissolved-phase groundwater plumes.

Gas Chromatogram

Pattern Matching
This tool has been used for many 
decades for product-type identification. 
Its foundation is high-resolution gas 
chromatography, which separates 
constituents within a sample based 
primarily on boiling point. This 
forensic technique relies primarily on 
matching the boiling range (carbon 
range) and the pattern of the peaks 
or “humps” on the chromatogram of 
the unknown to known standards (see 
figure below). The boiling ranges and 
general chromatographic character of 

FORENSIC TOOLS FOR

  Petroleum
    Hydrocarbon
      Releases

Example chromatograms for four fuels. Vertical axis is the 
detector response. 
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most refined fuels or lubricating oils 
is widely agreed upon by forensic 
experts, and multiple examples exist 
in the literature. The chromatographic 
character changes with environmental 
weathering of the petroleum, but in 
predictable ways. Chromatograms can 
also show a mixture where multiple 
products have been released.

Discrete Constituent Analyses 

and Constituent Ratios
Detailed information about the discrete 
petroleum constituents present in a 
sample can be used to distinguish 
between products of similar boiling 
ranges. For example, is the product a 
mixture of gasoline and jet A fuel or 
is it a wide-cut jet fuel such as JP-4? 
For the gasoline-range and jet-fuel 
range products, the workhorse tool 
is the PIANO analysis, which stands 
for paraffins, isoparaffins, aromatics, 
naphthenes (cycloalkanes), and olefins. 
These five families of hydrocarbon 
molecules have different properties and 
occur in products in differing proportions. 

The PIANO analysis is essentially 
an extended EPA Method 8260, in 
which more than 100 hydrocarbons are 
quantitatively reported in the volatile 
range, usually up to molecules with 13 
(or 15) carbons. It is usually performed 
by gas chromotagraphy. For diesel-
range and heavier products, the tool 
most frequently used is the Extended 
PAH (polycyclic aromatic hydrocarbon) 
analysis (EPA 8270 SIM modified), where 
typically up to 53 PAHs are analyzed. 

Ratios of the various PIANO components 
are routinely used to compare similarity 
among gasolines (see top sidebar at right), 
and to potentially age-date products due to 
refining process changes that significantly 
impact the PIANO signature. The relative 
proportions of the extended PAHs are 
used to distinguish petroleum sources 
from combustion sources (for example, 
bunker fuel versus creosote). Certain 
ratios of the alkylated PAHs can be used 
to compare similarities among petroleum 
sources. These tools are useful for product 
and soil samples, but typically are less 

useful for dissolved-phase groundwater 
samples. There is exciting new research 
into the PIANO-type analysis for 
forensic evaluation of vapor samples.

Age-Dating Releases via 

“Weathering Ratios”
A few ratios of discrete petroleum 
constituents have been used in an attempt 
to age-date petroleum releases; the 
theory for these approaches relies on 
trends in differential weathering rates. 
The best known examples of these are 
the (benzene + toluene)/(ethylbenzene 
+ xylene) ratio for groundwater 
impacted by a gasoline release and the 
nC17/Pristane ratio for soil or product 
samples from diesel releases. For diesel 
releases this approach is based on the 
fact that straight-chain paraffins (such 
as heptadecane, nC17) are biodegraded 
much more quickly than the branched-
chain isoparaffins (such as Pristane). 
These age-dating approaches have been 
widely disputed in the peer-reviewed 
literature, and many site-specific 
variables can affect the calculated ratios 
and therefore the estimated release date.

Biomarkers
During the formation of crude oil, 
biochemicals such as sterols are 
transformed to molecular fossils 
known as biomarkers, such as steranes. 
Biomarkers reflect the crude oil source 
and are very resistant to weathering 
or refining effects. They are routinely 
used to distinguish among petroleum 
sources, especially for crude oils and 
diesel-range or heavier products. Due 
to their low solubility caused by their 
very complex molecular structure, 
however, biomarkers are not useful in 
dissolved-phase groundwater plumes.

Additives or Blending Agents
Additives include the alkyl lead 
packages (TEL, TML, etc.) and lead 
scavengers (EDB, EDC) that were 
historically added to automotive 
gasolines, and oxygenates such as 
the ethers (MTBE, TAME, etc.) and 
alcohols (TBA, ethanol) that have 

see Petroleum, page 35

What Is Added
to Gasoline?

Alkyl lead compounds were added 

to gasoline to reduce the “knock” 

in combustion engines. In the U.S. 

they have been banned from use in 

automobile gasoline but TEL is still 

used in aviation gasoline (avgas).

• TEL – tetraethyllead

• TML – tetramethyllead

Lead scavengers were used in leaded 

automotive gasoline to reduce the 

adverse effects of lead oxide formation 

in the engine after combustion. 

EDB is still used in avgas.

• EDB – 1,2-dibromoethane

• EDC – 1,2-dichloroethane

Oxygenate compounds maintain high 

octane ratings and reduce carbon 

monoxide emissions from automobiles.

• MTBE – methyl tertiary-butyl ether

• TAME – tertiary-amyl methyl ether

• TBA – tertiary-butyl alcohol

 (a metabolite of MTBE)

• Ethanol

Sites A and B both had gasoline 

releases that resulted in product 

floating on the water table. Product 

was found in a monitoring well installed 

in the street between the two sites, 

and the forensic focus of the case 

was to identify whose product had 

migrated beneath the street. Routine 

analyses such as TPH and BTEX were 

inconclusive. Product samples were 

collected from monitoring wells at both 

sites and from the well in the street; all 

samples were analyzed for PIANO, in 

addition to other forensic analyses. The 

PIANO results implicated Site A for the 

product beneath the street, as shown 

by the double-ratio cross plot (below).

Case Study: Whose 
Gasoline Is It?

PIANO Double-Ratio Cross-Plot
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U
sing isotopic data for forensic 
applications in hydrology 
ranks among the best new 

scientific developments for hydrologists. 
Nevertheless, to put this science in 
perspective, here are my “Top 5 Forensic 
Isotopic Flops” or “How forensic isotopic 
hydrologic analysis can go bad.” Isotopic 
analyses are in general expensive, require 
extended time for sampling and analysis, 
often can be performed only a single time 
on a given project, and frequently yield 
results so late that resampling cannot be 
done before project completion. In other 
words, the work must be done correctly 
the first time to have an impact. When 
isotopic assessment works, it is a powerful 
independent approach, but when it fails, 
it can be an expensive lesson and even 
a setback to the acceptance of this new 
approach to hydrologic investigations.

1. Use of the terms “fingerprint” 

or “DNA-like analysis” to describe 

isotopic results in a legal or 

regulatory setting 
Unlike human fingerprints or genetic 
matches that are individually unique, 
identical isotopic values are found 
frequently and are certainly non-unique. 
The usefulness of an isotopic analysis 
derives from its context, such as the 
hydrologic setting, time frame, correlative 

chemical data, or other supportive isotopic 
data. Overstating the certainty of a forensic 
isotopic analysis is not only unscientific 
and potentially a disappointment for an 
uninitiated client, but it also can lead to 
serious legal challenges to the credibility 
of a report or even to testimony in a legal 
proceeding. Data have uncertainty and 
associated error: this is acceptable and 
appropriate to acknowledge. Careless 
claims related to accuracy, on the other 
hand, can cause results to be dismissed. 

2. Using the wrong isotopic system 

for the application
A report containing numerous deuterium 
and oxygen values clustered at one point 
on the Meteoric Water Line may have 
value in some circumstances, or it may 
mean you have chosen the wrong isotopic 
system for your investigation. Forensic 
isotope investigations generally depend 
on the following types of evidence: 
1) isotopes that identify the water itself; 
2) isotopic values of a solute that is 
the specific contaminant of interest; 
3) isotopic information about co-migrating 
chemically conservative solute species; 
4) isotopic values for a solute that is 
reactive and thus provide information 
about processes along a flow path; and 
5) the radioactive solute or water itself 
that yields time-related information. 

The point is to choose the system or 
suite of isotopic analyses that will 
specifically address the problem at hand. 
It is easy to waste analytical budget and 
project time on isotopic analyses that are 
commonly used, easy to understand, and 
of scientific interest, but if they are not 
directly applicable to the objectives of the 
study, the results may be too imprecise, 
marginally correlative, or even irrelevant. 

3. Sampling error: trouble 

from the start
Know the most likely error sources for 
your system. A sample that was improperly 
collected or preserved will never yield 
useful data. If the protocols are unfamiliar, 
discuss them with other professionals 
or with personnel at the isotope lab. 
Although the U.S. Environmental 
Protection Agency does not issue 
guidelines for holding times or methods 
of analysis for isotopic samples, there 
are essential sampling and preservation 
procedures that, if ignored, will cause 
the forensic isotopic analysis to go bad. 

Consider: When sampling for δ34S, don’t 
use sample bottles that were pre-acidified 
or even prewashed with sulfuric acid. 
Watch for CO2 loss or gain in radiocarbon 
analysis. Tritium hidden in air or drilling 
fluids of newly constructed wells will yield 

R. L. Bassett – Geochemical Technologies Corporation

Goes Bad
WHEN FORENSIC 
ISOTOPIC ANALYSIS
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false results. Microorganisms can modify 
stable isotopic values both in situ and 
in improperly preserved samples. Soaps 
or detergents used to clean equipment 
or bottles can affect boron isotopic 
analysis. Some analytes require field-
filtered samples; others are compromised 
by the filtering process. Many such 
errors are discovered by accident and 
the anecdotal stories are illuminating. 

4. Detection limits, precision, 

sufficient mass, and other 

uncertainties in life
The chemical concentrations of dissolved 
elements often fall below the detection 
limit of a specific instrument and thus 
cannot be quantified. Similarly, for some 
radioactive isotopes the measurement 
may yield insufficient counts or decays 
to be quantified. In contrast, stable 
isotopes are generally reported as ratios 
of predominant nuclides, then compared 
to the appropriate internationally accepted 
standard. The concern is not detection 
limit but resolution. For example, is 
the change in the ratio different enough 
between samples to be resolved by 
the selected mass spectrometer? The 
resolving power of a particular mass 
spectrometer is known ahead of time 
and can be provided by the laboratory, 
but determining whether the samples 
being collected are different enough to 
be distinguished may require preliminary 
sampling. A set of results in which the 
precision of the instrument is less than the 
spread of the sample values can provide 
useful information, but usually does not. 
In such cases the work fails to answer 
questions even though an impressive 
table of data may be generated. 

Failure to collect sufficient sample 
volume to provide the needed mass for 
an isotopic analysis is a related issue. 
Every isotopic analysis has a mass 
requirement for reliable results. It may 
be impractical to collect the hundreds 
of liters of water needed for a specific 
method in cases where concentrations are 
low or instruments are low-resolution. 
Results can easily go bad if they are 
imprecise, statistically unquantifiable, or 
are uncertain due to insufficient mass. 

5. Failure to effectively 

communicate the meaning and 

value of the isotopic assessment
The concepts and terminology surrounding 
isotopic measurements and interpretation 
are unique and generally not intuitive 
even to technical people. If the clients, 
regulators, or managers who receive 
the results of a forensic study are not 

given sufficient explanation to recognize 
the value of the work, the effort has 
failed. Many reports languish without 
impact or utility because definitions 
and procedures are inadequately 
communicated and described. Terms 
associated with isotopic analysis—such 
as correction factors, deltas, Rayleigh 
processes, fractionation factors, machine 
bias, SMOW, becquerel, bomb pulses, 
TUs, per mil, TIMS, TAMS, cosmogenic 
and hyperbolic mixing—are foreign and 
cryptic to all but a narrow segment of the 
scientific community. The most carefully 

planned and executed forensic isotopic 
project will generally not be understood 
without a significant tutorial effort.

Too many of my own reports have 
become simply an appendix to other 
studies, or worse, an obscure scientific 
document because the client or audience 
was ill-prepared to understand the 
definitions or grasp the significance of 
the forensic data. Isotopic language is 
more like mathematics than a scientific 
discipline: it can be thought of as being 
in need of prerequisites, theorems, and 
example problems before the value 
of the work can be deciphered. If the 
preliminary tutorial groundwork is not 
provided, then poor communication 
results, second chances are rare, 
and the brilliant forensic isotopic 
hydrologic analysis has been wasted.

Finally, generating a reliable and useful 
forensic isotopic analysis for hydrologic 
applications and minimizing the 
probability that it will go bad is much 
like parenting. If you recognize who 
is the responsible adult, pay attention, 
make sure the homework is done, exert 
discipline, and communicate effectively, 
the results will usually be good. 

Contact R.L. Bassett at www.geo-chemistry.com.

When isotopic assessment 
works, it is a powerful 
independent approach, 
but when it fails, it can 
be an expensive lesson.

It’s a Southwest necessity.
Together we can attain it.

• Groundwater resource evaluation and basin inventory analysis
• Modeling of groundwater and surface water flow systems
• Wellhead and aquifer source protection
• Assured water supply planning and development
• Litigation support for water rights and resource damage
• Water quality evaluation and treatment (including arsenic)

For more information, contact Brad Cross at 480.905.9311 
or via e-mail at brad.cross@lfr.com.

LFR Inc. is an environmental management & consulting engineering firm with 29 offices nationwide. For more 
information, call 800.320.1028 or visit us at www.lfr.com.
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I
n 2002, high levels of fecal coliform 
in the Middle Rio Grande Basin 
of New Mexico were violating 

state and tribal water quality standards. 
Where was it coming from? Who or 
what was responsible? The New Mexico 
Environment Department, together 
with the Albuquerque Metropolitan 
Arroyo Flood Control Authority and 
Bernalillo County, hired Parsons Water 
and Infrastructure Inc. of Austin, Texas 
to find out. Only then could water 
managers begin to target solutions 
for reducing the fecal coliform.

The $340,000 investigation, initiated 
in February 2002, covered a 42-river-
mile study area between Angostura 
Diversion Dam in southeastern 
Sandoval County south to the 
Isleta Diversion Dam just north 
of Isleta Pueblo (see map). 
Parsons’ approach was to use 
microbial source tracking 
(MST) to try to differentiate 
among the E. coli secreted by 
various potential sources of 
fecal coliform in the study area. 
E. coli is a fecal coliform bacteria 
commonly found in the intestines 
of humans and animals.

How Does MST work?
MST is based on two principles. 
The first is that the genetic 
structure of the bacterial population 
is clonal: bacteria divide by binary 
fission, thus the daughter cells 
generated are virtually identical, 
and all descendents of a common 
ancestral cell are genetically 
related. Second, MST assumes that 
within a certain species of bacteria 
such as E. coli, members have 
adapted to conditions in specific 

hosts or environments to form resident 
strains of that bacteria that are regularly 
and abundantly shed from their hosts. 
Each resident strain has characteristics 
that allow it to be distinguished from 
other strains through ribotyping (DNA 
fingerprinting) or other methods. Thus, 
E. coli from birds in the Rio Grande 
watershed can be distinguished from 
E. coli from dogs, and if a strain of E. coli 
with an identical fingerprint is isolated 
from both a water sample and a suspected 
animal source, the animal is implicated as 
a contributor of that strain of the bacteria.

A less precise form of MST also was 
performed using antibiotic resistance 
analysis (ARA). ARA subjects the E. coli 

strain to various antibiotics, and the 
resulting profiles are compared to a library 
of known E. coli ARA profiles. The use 
of antibiotics in humans and animals 
results in development of resistance to 
certain antibiotics, and the microflora 
or bacteria of the intestines reflect that. 
However, a given profile is seldom unique 
to a specific animal or source, so the 
method uses statistics to determine the 
most probable category, such as human, 
wildlife, or livestock. This can be useful 
if a ribotype match between a water 
sample and a known source species is 
not possible: at least the general category 
of the source can be determined.

Building the Library
The first step in the MST 
investigation was to identify all 
potential sources of fecal coliform 
in the watershed that could be 
contributing to the Rio Grande 
concentrations, and the approximate 
population of each. Available 
data included land use for each 
subwatershed, population from 
the 2000 federal census, means of 
sewage disposal (sewer connection 
or on-site septic), and dog and 
cat populations on a national per-
household basis. Data on the 
quantity of livestock or wildlife 
within each watershed were not 
available, but countywide livestock 
populations were used to develop 
estimates. Wild birds, which have 
been found to be significant sources 
of bacterial contamination in many 
U.S. watersheds, are difficult 
to count, but bird lists available 
for several regions within the 
study area provided indications 
of relative seasonal abundance 
in specific geographic areas. 

Betsy Woodhouse – Southwest Hydrology, University of Arizona
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Isleta Diversion Dam, a distance of 42 river miles. 
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Once the suspects were identified, samples 
of their fecal matter were collected to build 
watershed-specific libraries of ribotypes 
and antibiotic resistance profiles of E. coli 
isolates from them. The investigators 
obtained about 900 E. coli isolates from 
580 samples. Sources included sewage, 
wildlife, birds, pets, livestock (including 
bovine, equine, poultry, goats, sheep, 
hogs, rabbits, and alpacas), and exotic 
species from the Albuquerque Zoo. 
These locally collected isolates were 
supplemented by a library of more than 
65,000 isolates ribotyped by Mansour 
Samadpour at MEI Inc. in Seattle, where 
the MST analyses were performed.

Next, E. coli isolates from the water 
bodies were needed to compare to the 
possible suspects. The investigators 
collected ambient water samples and 
fecal coliform samples over two years. 
Eight water sampling sites were selected 
on the Middle Rio Grande at locations 
where historical water quality sampling 
was performed. An additional 22 sites 
within contributing watersheds were also 
sampled. A total of 206 water samples 
were collected from the 30 locations. 
Due to lack of rain, only 10 stations were 
sampled during both wet and stormwater 
runoff conditions. Concentrations of fecal 
coliform generally increased downstream. 

And the Culprits Are…
A variety of sources appear to contribute 
to fecal coliform levels in the Middle 
Rio Grande. According to the ribotyping, 
wildlife (primarily birds) and pets 
collectively account for 70 percent 
of the E. coli detected in the water 

samples. Humans and livestock 
accounted for 16 and 14 percent, 
respectively (see chart). The 
source of about 9 percent could 
not be identified. With the 
exception of rodents, only a few 
species of wild animals were 
identified as sources: deer or 
elk, raccoon, coyote, bear, and 
opossum. However, an unknown 
fraction of the canine isolates 
could have been from coyotes 
and foxes, since many E. coli 
strains exist in both domestic 
dogs and wild canines.

A very small fraction (3 percent) of the 
E. coli samples isolated from ambient 
water samples were hemolytic strains 
that can cause serious illness in humans, 
but they were found in 29 water samples 
(15%). Ribotypes indicated that of the 
47 hemolytic E. coli strains, 21 (45%) 
were resident in canine hosts, eight (17%) 
from cats, seven (15%) from human or 
sewage sources, five (11%) from avian 
residents, one each from equine and 
rodent sources, and four were unknown.

The number of E. coli strains increased 
during runoff conditions within each of 
the species categories, but especially 
for canine E. coli. Dog scat appears 
to be responsible for about a quarter 

of the E. coli in stormwater flows, 
as opposed to around 13 percent 
under non-runoff conditions.

What’s the Solution?
Now that the culprits have been identified, 
state and regional governments are 
developing action strategies for managing 
fecal coliform. Individual distribution 
charts for each of the 30 water sampling 
locations were developed that will enable 
water managers to separate what are 
considered to be natural background 
sources of fecal coliform—birds and other 
wildlife—from sources that could be 
better controlled, such as septic systems, 
pets, and livestock. Also, outflow from 
wastewater treatment plants will be better 
managed to reduce their fecal coliform 
contributions. An education/outreach 
program is being developed to educate pet 
owners and ranchers on best management 
practices. Although both Albuquerque and 
Bernalillo County have ordinances limiting 
the number of dogs at a residence, it is 
harder to make owners pick up after them 
regularly on public and private property. 
Education, it is hoped, will bring attention 
to and mitigate this health problem. 

The 331-page report, “Middle Rio Grande Microbial 
Source Tracking Assessment Report,” prepared 
by Parsons Water & Infrastructure (Oct. 2005) is 
available at www.nmenv.state.nm.us/swqb/Rio_
Grande/Middle/MST/.

Avian
33.5%

Canine
21.9%

Human/Sewage
15.9%

Rodent
10.8%

Horse
4.3%

Feline 2.2%
Porcine 1.4%

Deer 0.6%
Coyote 0.5%
Raccoon 0.5%
Sheep 0.5%

Bovine
7.2%

Identified sources of E. coli in the entire Middle Rio 
Grande study area based on ribotyping. The source 
of nine percent of the samples could not be identified.
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lower 36Cl/Cl x 1015 ratios, less than 71. 
(36Cl ratios are typically reported relative 
to total chloride x 1015 to produce whole 
numbers.) Alluvial groundwater with low 
Cl/Br ratios (less than 800) have higher 
36Cl/Cl x 1015 ratios and are closer to the 
values measured in Rio Grande irrigation 
waters. The chlorine isotopes combined 
with halide ratios provide compelling 
evidence of a geological source of salinity 
in the alluvial aquifer due to artesian 
upwelling from the Hueco Bolson. Once in 
the alluvial aquifer, the saline waters move 
into local agricultural drains and flow at 
various locations into the Rio Grande. 

Role of Agriculture in Salinization
Our results suggest that dissolution of 
the buried evaporite deposit may be 
the primary source of salinity in the El 
Paso Valley. However, use of already 
saline alluvial groundwater for irrigation 
accelerates evaporative salinity enrichment 
of irrigation water, leading to greater 
potential for development of salt-encrusted 
soils. Steps should be taken to minimize 
use of saline alluvial groundwaters 
for irrigation in areas where evaporite 
dissolution signatures are identified, while 

using managed irrigation practices and 
crop management to help control salinity.

Contact Barry Hibbs at bhibbs@calstatela.edu.
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The Move Toward Standards?
Some professional organizations 
have begun to consider whether rules 
and standards should be set for their 
members’ involvement in litigation. 
For example, the State of Arizona’s 
Board of Technical Registration recently 
promulgated a rule prohibiting registered 
professionals from providing expert 
witness services if compensation is 
based all or in part on a contingency fee 
related to the outcome of the dispute. And 
recently, the American Society of Testing 
and Materials convened a subcommittee 
within its Environmental Assessment, 
Risk Management and Corrective 
Action Committee. The subcommittee, 
now ASTM E50-05, is exploring the 
need to develop standards in the field 
of environmental forensics, including 
qualifications for experts, and anticipates 
producing a document, Standard Guide 
for Environmental Forensic Expertise. 

Whether or not there is a need to regulate 
or standardize the conduct of scientists 
in the courtroom could be a matter of 
continuing debate. Indeed, if all were 
to practice within the bounds of good 
science and ethics, it would not be so 
much a matter of discussion. In any 
case, it is good advice for any technical 
professional to: understand something 
about how the legal process works; 
keep good records on project work; 
always conduct work in a systematic 
manner using good scientific principles; 
be consistently professional, prudent, 
and patient; and above all maintain 
strict ethical standards. If called upon 
to present your technical opinions, 
remember the advice of the 19th century 
journalist, Charles Anderson Dana, 
who said, “Fight for your opinions, 
but do not believe they contain the 
whole truth or the only truth.”
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utility of perchlorate isotope data 
together with other forensic techniques 
to distinguish sources. Nevertheless, 
deliberations continue; it remains 
to be seen whether regulators will 
find the isotope data persuasive.

Several factors can complicate the 
interpretation of perchlorate isotope 
data. Perchlorate is biodegradable by 
naturally occurring soil microbes under 
anoxic conditions where a carbon 
substrate is present. When biodegradation 
of perchlorate occurs, the remaining 
perchlorate may become enriched in 
the heavier isotope of oxygen through 
fractionation. It is therefore important 
to distinguish fractionation from other 
processes that may affect bulk isotopic 
signatures, such as mixing of waters 
bearing two or more different sources of 
perchlorate (Sturchio and others, 2007). 

To confirm that isotopic fractionation 
from biodegradation is not affecting the 
isotopic signature, analysis for presence 

and activity of perchlorate respiring 
bacteria is recommended (Coates). 
Through such analyses, the JPL study 
confirmed that biodegradation did not 
affect perchlorate isotope signatures.

An Ongoing Study
Another perchlorate isotope study 
is underway in southern Santa Clara 
County. The Santa Clara Valley Water 
District is conducting a large-scale 
study of background levels and sources 
of perchlorate affecting the Llagas 
groundwater subbasin, where perchlorate 
from a former highway safety flare 
production facility was released to 
groundwater, affecting hundreds of 
wells. It remains to be seen whether 
possible additional sources in the Llagas 
study provide sufficiently distinct 
isotopic signatures to allow reliable 
interpretations of different origins of 
perchlorate at different locations, or 
whether only a single source is present.

Perchlorate isotopes provide a strong line 
of evidence, but must be interpreted within 
the basic hydrogeologic framework of the 
problem. The perchlorate isotope method is 
an effective tool that can add clarity where 
the right conditions and circumstances 
permit unambiguous interpretation. That 
interpretation is strengthened where 
multiple conventional indicators also 
point toward the same conclusion. 

Thomas Mohr is a hydrogeologist with the Santa 
Clara Valley Water District and President of the 
Groundwater Resources Association of California. 
The views presented are the author’s alone and do 
not reflect policy or positions of the Santa Clara 
Valley Water District or the Groundwater Resources 
Association of California. Contact him at 
tmohr@valleywater.org. 
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been blended with gasoline relatively 
recently (see bottom sidebar, p.27). 
These constituents are routinely used 
for age-dating gasoline releases when 
their use is well-constrained in time by 
regulatory requirements. Research has 
shown that alkyl leads typically degrade 
relatively quickly in the environment 
outside of the product matrix. Additives 
or blending agents can be present in 
unexpected products as a result of cross-
contamination during fuel transport 
and storage. The lead scavengers and 
oxygenates are soluble, and therefore 
can be useful for forensic evaluation of 
a dissolved-phase groundwater plume.

Stable Isotopes
Stable isotopes of carbon, hydrogen, 
oxygen, and sulfur are forensic tools 
that are relatively new applications in 
environmental investigation settings. 
These isotopes are in the signature of 
the crude oil and therefore reflect the 
crude oil source. Bulk stable isotopes 
have been used for decades in the 
petroleum industry to characterize 
individual crude oils. Due to very recent 
advances in analytical techniques, 
we can now analyze product, soil, 
groundwater, and vapor matrices for 
stable isotopes on either a “bulk” or 
“constituent-specific” scale. Descriptions 
of forensic and remediation applications 
for stable isotopes now abound in the 
peer-reviewed literature, especially 
constituent-specific applications. 
However, caution is needed in forensic 
interpretations because certain isotope 
ratios change due to biodegradation. 

Contact Dawn Zemo at dazemo@zemoassociates.com.

References and Resources
Hundreds of peer-reviewed publications focus on 
the application of the forensic tools for petroleum 
releases described herein. Two textbooks (below) 
provide an excellent summary of current knowledge 
and contain extensive reference lists. Also, see the 
International Society of Environmental Forensics’ 
peer-reviewed journal, Environmental Forensics 
(www.environmentalforensics.org/journal.htm).

Morrison, R.D., and B.L. Murphy, eds., 2006. 
Environmental Forensics: Contaminant-Specific 
Guide, New York, Academic Press/Elsevier.

Murphy, B.L., and R.D. Morrison, eds., 2002. 
Introduction to Environmental Forensics, New 
York, Academic Press.

Petroleum, continued from page 27
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McCarty Wins Stockholm Prize

In March, Perry L. McCarty, a pioneer 
in the understanding of biological and 
chemical processes for the safe supply 
and treatment of water, was named the 
2007 Stockholm Water Prize Laureate. 
McCarty’s work has led to more efficient 
biological treatment processes, in 
particular anaerobic treatment systems 
for municipal and industrial wastewaters, 
biological nutrient removal, and the 
development and use of biofilm reactors. 

A professor of environmental engineering 
at Stanford University since 1962, McCarty 
has combined knowledge of physical, 
chemical, biological, and microbiological 
processes into the basis for design 
and operation of wastewater treatment 
systems. In addition, he has identified 
mechanisms for biodegradation and the 
fate of hazardous and anthropogenic 
trace chemicals as well as appropriate 
engineering for water quality improvement 
of groundwater, surface water, and soils. 

McCarty has published more than 300 
technical papers as well as two textbooks 
on treatment systems for municipal and 
industrial wastewater.

The $150,000 Stockholm Water Prize 
is a global award founded in 1990 and 

presented annually by the Stockholm 
Water Foundation to an individual, 
organization, or institution for outstanding 
water-related activities. The activities 
can be within the fields of education 
and awareness-raising, human and 
international relations, research, water 
management, or water-related aid. 

Visit www.siwi.org.

Plato, Suriano Join Clear Creek

Paul Plato and Tom Suriano recently 
joined Clear Creek Associates, a 40-
person consulting firm with offices in 
Phoenix and Tucson. Plato has more than 
18 years of experience in hydrogeology, 
specializing in groundwater modeling 
and GIS database management. With 
more than 20 years of experience 
managing large-scale groundwater 
remediation projects, Suriano brings a 
strong understanding of state and federal 
requirements and processes for such 
activities. 

Visit www.clearcreekassociates.com.

Trusler Transfers to Phoenix

CH2M Hill recently announced that 
Scott Trusler, a senior water project 

manager, transferred to the company’s 
Phoenix office from Seattle. Active in 
the company’s Water Business Group, 
Trusler has 24 years of experience, 
specializing in water supply, treatment 
plants, and distribution systems.

Visit www.ch2m.com.

Melcher Retires from USGS

Nick Melcher, director of the Arizona 
Water Science Center of the U.S. 
Geological Survey, retired from the agency 
on July 1. Melcher was with the USGS for 
34 years, including 13 in Arizona in his 
most recent position. After some time off, 
he plans to continue to work in hydrology 
and would like to focus on local issues. 

Melcher said the biggest change he saw 
in the agency during his tenure was the 
transition from analyses done completely 
by slide rule and hand-plotted-graphics 
to the present information technology 
system. The best parts were working 
with staff and cooperators to do relevant 
science, and using new and innovative 
techniques to help solve problems. 

John Hoffman, formerly the associate 
director, filled Melcher’s position.

Visit az.water.usgs.gov.
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R & D
CA Aquifer Expands

In what likely will cause aquifer envy 
across the rest of the parched Southwest, 
USGS scientists in California have 
determined that the aquifer under the San 
Gabriel Valley actually expanded in size 
in 2005 in response to near-record rainfall 
resulting in large amounts of recharge, 
reported the Pasadena Star News. 

Geophysicists monitoring earthquake 
fault movements were able to use their 
instruments to measure surface motion 
due to groundwater recharge that occurred 
over a four-month period. The valley floor 
rose almost two inches in that period, 
and the margins of the basin expanded 
by about a half-inch, the scientists found, 
according to the Star News report. 

According to the San Gabriel Basin 
Water Quality Authority, the basin holds 
nearly 2.8 trillion gallons of fresh water 
and supplies more than 90 percent of the 
water used by the valley, said the Star 
News. It contains more than twice as 
much water as needed to meet the needs 
of the entire valley, but contamination 
from rocket fuel, dry cleaning operations, 
and other industries limits its use.

Visit www.pasadenastarnews.com.

Contaminant Traces Found 
Throughout LA Groundwater

A survey of Los Angeles-area groundwater 
conducted by the USGS shows trace 
levels of contaminants throughout the 
San Fernando and San Gabriel valleys, 
reported the Los Angeles Daily News. The 
USGS investigation is part of a statewide 
survey sponsored by the California State 
Water Resources Control Board. It is 
designed to measure contaminants at 
levels of less than 1 part per billion in 
order to “characterize water quality long 
before problems arise,” USGS hydrologist 
Kenneth Belitz told the newspaper.

Samples from 35 groundwater wells 
in the area revealed traces of volatile 

organic compounds in 33 of them, most 
commonly tetrachloroethylene (PCE), 
used in dry cleaning and manufacturing, 
reported the Daily News. Pesticides 
were detected in 31 wells. The samples 
were also tested for pharmaceuticals, 
but results were not yet available. A full 
report on the sampling results is planned 
for release by the end of the year.

Information on the USGS Groundwater Ambient 
Monitoring Assessment program is available at 
www.waterboards.ca.gov/gama. Also visit 
www.dailynews.com.

Data: More Water, Greater Basin 
Connection Along UT/NV Border

Discussing a new draft U.S. Geological 
Survey report on groundwater resources 
in Snake Valley along the Nevada-Utah 
border, Kimball Goddard, director of the 
USGS Nevada Water Science Center, 
told a Utah audience that there appears 
to be much more water than previously 
thought—130,000 acre-feet instead of 
less than 30,000 acre-feet, reported the 
Salt Lake Tribune. But the study also 
found that the connection between the 
Snake Valley Basin and other basins, 
particularly the adjacent Spring Valley to 
the west, appears to be greater as well, 
according to the newspaper. The final 
report on the Basin and Range Carbonate 
Aquifer System Study was scheduled 
to be released in summer 2007.

The seemingly good news of more 
water in Snake Valley was more than 
offset by indications that considerable 
flow occurs between the two basins, 
meaning pumping in Spring Valley could 
significantly impact Snake Valley water 
levels. The Tribune said Goddard also 
pointed out that the effects of pumping 
may not be observed for decades—a 
critical point that is often overlooked.

Utah and Nevada are negotiating a 
water-sharing agreement in light of the 
recent approval of Southern Nevada 
Water Authority’s plans to pump water 
from Spring Valley and transport it 
to southern Nevada (see page 12). A 

representative of the Utah Department 
of Natural Resources commented at the 
meeting that the new USGS information 
underlines the importance of including 
the ability to revise the agreement 
in the future, said the Tribune.

Visit www.sltrib.com and www.nvgroundwaterproject.
com/html/documents.html.

New River is Very Sick

New River, a small drainage that runs 
from Mexicali, Baja California (pop. 
1.3 million) north through Calexico 
in California (pop. about 34,000) and 
eventually to the Salton Sea, is considered 
to be the most polluted river in the United 
States. Pollution comes from waste from 
Mexican manufacturing plants, agricultural 
runoff, and sewage waste, according to the 
City of Calexico New River Committee. 
Contaminants include about 100 biological 
contaminants, volatile organic compounds, 
heavy metals, pesticides, and toxins that 
can cause tuberculosis, encephalitis, 
polio, cholera, hepatitis, and typhoid.

Eric Reyes, executive director of the 
nonprofit Institute for Socioeconomic 
Justice in Calexico, is leading an effort 
to encase the river, which he sees as the 
only way to prevent river-related illness 
from spreading, reported the Imperial 
Valley Press. Reyes surveyed 200 West 
Calexico households, said the paper, and 
found that 11 percent of the households 
had at least one family member diagnosed 
with cancer, and more than 50 percent 
had members with chronic illnesses. 

Miguel Figueroa, executive director 
of the New River Committee, told the 
Press that his organization has been 
conducting its own two-year study on 
the health effects of the river, the results 
of which were soon to be released. The 
New River Committee has been working 
for decades to address the state of the 
river but has been frustrated by lack of 
funding in Mexico, explosive population 
and industrial growth there, the reluctance 
of Mexico to accept offers of U.S.-

continued next page
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R & D (continued)

backed grants of low-interest loans for 
wastewater improvements, and lack of 
support from the California legislature.

The Press said the California 
Environmental Protection Agency plans to 
“dump massive amounts of chlorine into 
the river,” but that such an effort would 
not treat the chemical contaminants.

Visit www.ivpress.com and www.calexiconewriver.com. 

Wastewater Sludge to Produce 
LA Power

A new project in Los Angeles is planned 
to covert organic sludge byproducts from 
wastewater treatment into electricity in a 

first-of-its-kind operation, reported the Los 
Angeles Times. The sludge will be injected 
into depleted oil and gas reservoirs more 
than a mile below the surface, where high 
temperatures and pressures will create 
“methane gas that will be captured to 
power fuel cells on the surface,” according 
to engineers interviewed by the Times. 

The process will also sequester carbon 
dioxide that would normally be released 
into the air by the decaying organic 
material, which is now transported 
by truck and spread on city-owned 
agricultural fields in Kern County. 

According to the Times, the project will 
cost $3 million to $4 million to build; 

it will take three years to complete, 
although some elements are expected to 
become operational next spring; and it 
will generate 3.5 megawatts of electricity 
per year (enough for 3,000 homes). 

The electricity will supply Port of Los 
Angeles-related facilities near the Terminal 
Island Water Reclamation Plant. The 
amount of energy necessary to inject 
the sludge into the reservoirs was not 
reported. The project will consume 
half of the solid waste now taken to 
Kern County, saving an estimated $1.6 
million annually in hauling costs. 

Visit www.latimes.com. 
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3rd National Dialogue Nets 
Action List

In letters to the U.S. president, the speaker 
of the House of Representatives, the 
Senate majority leader, and state and 
territorial governors, the American Water 
Resources Association (AWRA) reported 
the conclusions of its Third National 
Water Resources Policy Dialogue and 
urged them to address the nation’s 
growing and severe water challenges.

The two-day meeting, held in January, 
brought together more than 150 water 
experts from across the nation to 
identify issues that needed to be brought 
to the attention of governments. It 
particularly focused on reconciling 
contradictory water policies, improving 
collaboration, and broadening the role 
of science in policy decisions, priorities 
identified during the first two Dialogues 
in 2002 and 2005. 

The letters note a strong perception 
among meeting participants that national 
water actions should arise from the 
state level and be backed by appropriate 
support from the federal government. 
They urge immediate action to:
• address the urgent requirement 

for a national assessment of water 
resources needs;

• establish broad principles for water 
management that can be translated 
into policies that clearly define the 
responsibilities of federal, state, and 
local governments and the public 
with respect to water and the goals 
and objectives that would establish 
a blueprint for future actions;

• better coordinate water resources 
activities among federal agencies 
and congressional committees;

• promote planning based on watershed 
rather than political boundaries; and

• ensure that scientific knowledge 

about water is available to all, clearly 
presented, and fully considered in 
making decisions on key water issues.

As in prior Dialogues, participants 
engaged in a voting process to identify 
areas that best represented the group’s 
concerns. Broad areas of agreement 
emerged regarding, in essence, who (the 
presidential administration, Congress, 
states, the private sector, and water 
resources professionals) needs to do what 
to improve water policy. At the lower 
levels, states need to form or empower 
water basin councils to take an active role 
in watershed management. The private 
sector needs to explore, develop, and 
push for ways to bring market-based 
approaches to bear on water resources 
decisions. And all water resources 
professionals must communicate better 
with decision makers and the public, 
particularly by providing results and 
clearly explaining their implications.
Visit www.awra.org.
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Student and Volunteer 
Monitoring of Arizona Rivers 
and Riparian Areas

Martha P.L. Whitaker and Jim Washburne 
– SAHRA, University of Arizona

Two University of Arizona hydrologists 
along with colleagues at Phoenix College 
and Northern Arizona University are 
among the first to receive a three-year 
grant from Science Foundation Arizona’s 
(SFAz) K-12 Student and Teacher 
Discovery Program. The project, “Student 
and Volunteer Monitoring of Arizona 
Rivers and Riparian Areas” (Arizona 
Rivers), hopes to re-energize the spirit of 
scientific discovery in Arizona classrooms 
by fostering partnerships among students, 
volunteers, and local water experts to 
monitor the health of Arizona’s rivers and 
riparian ecosystems. This grant supports 
SFAz’s goal to stimulate experiences in 
an informal (non-classroom) environment 
through hands-on collaborations 
between students and researchers that 
encourage design, implementation, and 
innovative use of science and math.

Arizona Rivers will involve students of 
all ages in addressing issues or questions 
that are developed locally and pertain to 

Arizona’s streams, including water quality, 
stream restoration, riparian ecology, and 
habitat preservation. A primary goal is 
to foster effective partnerships among 
schools, watershed management groups, 
state, county, or municipal regulators, 
and other water professionals. Workshops 
to be held in Tucson, Phoenix, and 
Flagstaff are being developed to train 
teachers, students, water professionals, 
and other volunteer river monitors about 
standard protocols for environmental 
data collection, and to promote new 
collaborations and data exchange.

Two critical tasks that readers might be 
able to assist with include identifying 
classroom/student mentors and high-
priority monitoring sites. Teachers and 
students need help defining testable 
research questions, understanding the 
context of local water issues, maintaining 
monitoring equipment, interpreting data, 
and sharing their observations with a 
wider community. 

High-priority monitoring sites are those 
with significant issues related to water 
quality, channel stability, ecologic 
function, or potential for change that 
are both accessible by volunteers and 

of interest to a wider community, 
particularly state and county agencies.

An example partnership might be a high 
school science class working with a 
well-established watershed monitoring 
group (WMG). The WMG could mentor 
the students by providing: background 
information about a nearby riparian 
ecosystem; guidance about what type 
of data collection would be most 
useful for a specific site; and ideas for 
student-based research projects using 
student-collected monitoring data. 

Another type of partnership could involve 
a state, county, or municipal agency 
working with a WMG. The agency could 
provide guidance about the location and 
type of data collection or river restoration 
activities that would be most useful 
from their perspective. The WMG, in 
turn, could recruit and mentor additional 
volunteers and groups such as K-12 
classes, scout troops, or retired citizens.

School collaborations will be encouraged 
in several ways. Schools in Tucson, 
Phoenix, and Flagstaff will be able to 
borrow water quality monitoring equipment 
through two collaborating programs. Water 
in Arizona – Teacher Resources (WATER) 
kits are available from the SAHRA Center 
at the University of Arizona (www.sahra.
arizona.edu/water/) and include supplies 
to facilitate classroom-wide participation 
in water education activities. Healthy 
Water-Healthy People water testing 
and macro-invertebrate kits are also 
available for use from Arizona Project 
WET (ag.arizona.edu/azwater/wet/). 

Arizona Rivers will administer a 
small grants program (up to $250) for 
K-16 teachers to facilitate student-based 
research. This modest funding can be used 
for basic expenses to help classrooms 
engage in riparian monitoring, such as 
helping pay for equipment or field trips.

If you or your organization are interested in 
volunteering, learning more about this project, or 
applying to the small grants program, contact Martha 
Whitaker at mplw@hwr.arizona.edu or visit 
www.sahra.arizona.edu/azrivers/.

EDUCATION

Flow velocity and sediment data collected during 1990 and 1991 at National Canyon, Colorado 
River, Arizona, by N.J. Hornewer and S.M. Wiele.
http://pubs.usgs.gov/ds/2007/246/

Ground-water, surface-water, and water-chemistry data, Black Mesa area, northeastern Arizona--
2005-06, by Margot Truini and J.P. Macy.
http://pubs.usgs.gov/of/2007/1041/

Hydrologic conditions and water-quality conditions following underground coal mining in the North 
Fork of the Right Fork of Miller Creek drainage basin, Carbon and Emery Counties, Utah, 2004-
2005, by C.D. Wilkowske and J. L. Cillessen.
http://pubs.usgs.gov/sir/2007/5026/

Selenium and mercury concentrations in fish, Wolford Mountain Reservoir,  Colorado, 2005, by 
Nancy J. Bauch.
http://pubs.usgs.gov/sir/2007/5019/
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UTCHEM 

John E. McCray and Jeffrey A.K. Silva 
– Colorado School of Mines. Software Review 
courtesy of IGWMC and Col. School of Mines

The UTCHEM 6.1 software package 
can model transient and steady-state 3-D 
advective and dispersive flow and mass 
transport in saturated and unsaturated 
porous media. It has been used to simulate 
field-scale problems and laboratory 
experiments. It has a 3-phase formulation 
(relative permeability, capillary pressure, 
etc.), and can simulate movement of 
aqueous and non-aqueous phase liquid 
(NAPL) phases, but not contaminant 
vapor movement. The software allows 
for changes in fluid properties as a site 
is remediated; heterogeneous aquifer 
properties; variable density/viscosity; 
addition of remedial fluids, including 
surfactants and cosolvents; and dissolution/
mobilization of NAPLs. UTCHEM can 
simulate equilibrium and nonequilibrium 
interphase mass transfer, including 

dual-domain transport, sorption (linear 
and non-linear), and NAPL dissolution. 
NAPL mixtures can be simulated, but 
constant NAPL-water partitioning 
coefficients are assumed instead of using 
Raoult’s law to permit dynamic NAPL 
dissolution. The biodegradation model 
includes sequential electron-acceptor 
use and cometabolism. The geochemical 
option allows for modeling of any solid 
or aqueous species. Researchers at the 
Colorado School of Mines have been using 
UTCHEM to simulate polymer floods in 
groundwater remediation applications. 

Two graphical user interfaces (GUIs) 
are available. A stand-alone GUI can be 
obtained from Gary Pope at the University 
of Texas, which we recommend for 
1-D and 2-D problems. A limited version 
of UTCHEM is included in the U.S. 
Department of Defense’s Groundwater 
Modeling System (GMS), which is 
useful when importing GIS data to set 
up a 3-D model.

The FORTRAN source code, along with sample input 
and output files, are available at no charge from the 
U.S. Environmental Protection Agency at 
www.epa.gov/ada/csmos/models/utchem.html

SOFTWARE REVIEW
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T H E  C A L E N D A R

JULY 2007  

AUGUST 2007

 July 24-26  Universities Council on Water Resources. 2007 Annual Conference: Hazards in Water Resources. Boise, ID.  www.ucowr.siu.edu

 August 6- 7  CLE International. New Mexico Water Law SuperConference. Albuquerque, NM.  www.cle.com/upcoming/PDFs/ALBWAT07.pdf

 August 9-10  CLE International. Arizona Water Law SuperConference. Phoenix, AZ.  www.cle.com/upcoming/PDFs/PHXWAT07.pdf

 August 13-17  San Diego Supercomputing Center. Cyberinfrastructure Summer Institute for Geoscientists. San Diego, CA.  

www.geongrid.org/education/csig.html

 August 20-22  International Association of Science and Technology for Development. 2nd IASTED International Conference on Water Resources 

Management. Honolulu, HI.  www.iasted.org/conferences/cfp-578.html

 August 20-23  StormCon. StormCon’07: North American Surface Water Quality Conference and Exposition. Phoenix, AZ.  stormcon.com/sc.html

 August 22  Groundwater Resources Association of California. Environmental Information Management Systems. Irvine, CA.  www.grac.org/eims.asp

 August 23-24  CLE International. California Wetlands (conference). San Diego, CA.  www.cle.com/upcoming/PDFs/SDOWET07.pdf

 August 26-30  TCEQ, River Systems Institute, U.S. EPA. 15th National Nonpoint Source Monitoring Workshop. Austin, TX.  

www.rivers.txstate.edu/NPS07/

 August 29-September 1 Southwest Hydrology and Arizona Hydrological Society. Sustainable Water, Unlimited Growth, and Quality of Life: Can We Have It 

All? Tucson, AZ.  www.watersymposium.org

 September 10-11  CLE International. Texas Water Law (conference). Austin, TX.  www.cle.com/upcoming/PDFs/AUSWAT07.pdf

 September 17-18  CLE International. Western Water Law Superconference. Las Vegas, NV.  www.cle.com/dev/product_info.php?products_id=866

 September 18-19  Groundwater Resources Association of California. 16th Annual/26th Biennial GRA Conference and Meeting. Sacramento, CA.  

www.grac.org

 September 25-26  Nevada Water Resources Association. Climate Change Symposium. Las Vegas, NV.  www.nvwra.org/events.asp

 September 28-October 1 National Ground Water Association. 2007 Theis Conference - Conjunctive Management of Ground Water and Surface Water: 

Application of Science to Policy. Park City, UT.  www.ngwa.org/e/conf/0709285100.cfm

 September 30-October 5 U.S. Committee on Irrigation and Drainage. USCID 4th International Conference on Irrigation and Drainage. Sacramento, CA.  

www.uscid.org/07call.pdf

 October  1- 2  CLE International. Utah Water Law Superconference. Salt Lake City, UT.  www.cle.com/dev/product_info.php?products_id=868

 October 13-17  WEFTEC. 80th Annual Technical Exhibition and Conference. San Diego, CA.  www.weftec.org/Education/CallforAbstracts/

 October 22-23  National Ground Water Association. 6th International Conference on Pharmaceuticals and Endocrine Disrupting Chemicals in 

Water. Costa Mesa, CA.  www.ngwa.org/e/conf/0710225013.cfm

 October 28-November 2 AHS, ASCE/EWRI, UNESCO. ISMAR6: The 6th International Symposium on Managed Aquifer Recharge. Phoenix, AZ.  

www.ismar2007.org

 November 1- 2  CLE International. California Water Law (conference). Pasadena, CA.  www.cle.com/dev/product_info.php?products_id=879

 November 5- 6  National Ground Water Association. Petroleum Hydrocarbons and Organic Chemicals in Ground Water: Prevention, Detection, and 

Remediation Conference. Houston, TX.  www.ngwa.org/e/conf/0711055040.cfm

 November 7- 9  Central Coast Agricultural Water Quality Coalition. 2007 National Conference on Agriculture and the Environment. Monterey, CA.  

www.agwaterquality.org/2007conference/

 November 8-10  California Groundwater Association. 59th Annual CGA Convention and Trade Show. Reno, NV.  www.groundh2o.org/events/events.html

 November 12-15  American Water Resources Association. 2007 Annual Conference: Hazards in Water Resources. Albuquerque, NM.  www.awra.org

 November 14-15  Groundwater Resources Association of California. DNAPL Source Zone Characterization and Removal. Long Beach, CA.  

www.grac.org/dnapl.asp

SEPTEMBER 2007

OCTOBER 2007

NOVEMBER 2007

42 • July/August 2007 • Southwest Hydrology





gINT™

Fully Customizable Borehole 
and Well Logs, Fence Diagrams, 
Geotechnical Testing and Other 
Professional Engineering Reports

gINT’s superior engineering, 
customer responsiveness and 
acclaimed support services have 
made gINT the product of choice 
for numerous transportation 
authorities, government agencies, 
consulting fi rms and educational 
institutions worldwide.

$790

303.278.3534 • 800.775.6745
RockWare.com

Since 1983

EnviroInsite™

Groundwater Data Visualization

Desktop tool for the analysis and 
communication of environmental 
groundwater data. If you fi nd 
other graphics tools too costly, 
too hard to use, or lacking the 
essential tools required for 
groundwater investigations, then 
EnviroInsite is for you. EnviroInsite 
empowers hydrogeologists to 
analyze their own data and 
communicate complex ideas to 
clients and peers. Free trial available at www.rockware.com.
$599

The Geochemist’s Workbench™

Aqueous Geochemical Modeling

• Speciation/saturation indices
• Eh-pH and activity diagrams
• Piper/Stiff/Durov and other 
  water chemistry diagrams
• Mineral dissolution/precipitation
• Sorption, surface complexation
• Pitzer or Deby-Hückel
• Equilibrium or kinetics approach
• Microbial metabolism and 
  growth
• 1D/2D reactive transport

Pricing starts at $799

PetraSim™

A Preprocessor and Postprocessor 
for TOUGH2, T2VOC, TMVOC and 
TOUGHREACT, TOUGH-FX/
HYDRATE, and TETRAD

• Model multi-component fl uid 
  fl ow, heat transfer and reactive 
  transport process
• Saturated and unsaturated 
  conditions
• Fractured and porous media
• Mesh generation, parameter 
  defi nition, and display of results

Call for Pricing

AUTHORIZED
BUSINESS
PARTNER

It’s Not Just Software. . .
It’s RockWare.

For Over 23 Years.
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