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The value of our service equals the sum of our staff.
We are scientists, problem solvers, implementers. People who love what

we do. Clear Creek Associates are a group of people whose collective

expertise in groundwater-related projects in Arizona is unmatched. We’re

dedicated to offering quality-focused, very responsive hydrologic services to

clients throughout the Southwest.

We’ve built our reputation on a foundation of strong professional

capabilities, finely honed project coordination and communication skills,

and extensive statewide experience.

With each addition to our staff over the past six years, the value of our

service has grown. You can find out more about our newest staff members,

and other matters of interest, at our Web site, www.clearcreekassociates.com.

A few thoughts about a good staff:

Offering comprehensive,

hydrogeologic services

in five integrated areas:

Groundwater Development —

extensive knowledge of and

experience with well drilling

technology, borehole evaluation

and well design, plus an Arizona

well driller's license

Groundwater Modeling —

technical abilities combined with

interpretive skill acquired through

five decades of collective team

experience in creating and

interpreting models

Hydrogeologic investigations —

focused application of

hydrogeological analyses to

resolve groundwater issues,

address regulatory concerns and

water rights issues, or support

water resources planning

Environmental Services —

resolving problems in a cost

effective and timely manner by

integrating scientific, technical,

analytical and legal capabilities,

with proven relationships with

regulators

Mining Support —

clarifying communications,

streamlining permitting, and

helping companies develop

positive relationships with

environmental agencies

in Phoenix:
6155 E. Indian School Rd., Suite 100, Scottsdale, Arizona 85251
(480) 659-7131, (480) 659-7134 fax

in Tucson:
221 N. Court Ave., Suite 101, Tucson, Arizona 85701
(520) 622-3222, (520) 622-4040 fax

www.clearcreekassociates.com



Solinst Canada Ltd., 35 Todd Road, Georgetown, ON  L7G 4R8 
Tel: +1 (905) 873-2255; (800) 661-2023  Fax: +1 (905) 873-1992; (800) 516-9081

Visit our website: www.solinst.com    E-mail: instruments@solinst.com 

High Quality Groundwater & Surface Water Monitoring Instrumentation

The New Levelogger Gold represents the next generation of Solinst Levelogger®. Vastly
improved over previous versions, the Levelogger Gold is completely designed, developed and
manufactured in-house, in the tradition of all Solinst high quality products. Offering higher
resolution and high accuracy of 0.05% for a much reduced price, the Levelogger Gold has
improved transducer, temperature, and clock accuracies. Altitude, water density, temperature and
barometric compensations also add to the major jump in accuracy.

New user-selectable recording schedule, as well as the standard event-based and linear sampling,
is just one of the added features of the most friendly software yet.  Battery life is 10-Years, even
with recordings every minute.  Memory is 40,000 readings of pressure and temperature, displayed
as temperature compensated level, with an on-board backup of the last 1200 logs.  The stainless
steel housing protects against lightning and power surges and the golden Zirconium Nitride
coating gives extra corrosion resistance. 

Designed, developed & manufactured by Solinst
Higher accuracy, improved temperature compensation,
altitude adjustment and more
Backward compatible



The start of 2006 brought good news to Southwest Hydrology: the magazine received 
an Award of Excellence from the 2005 Society for Technical Communications’ Southwest 
Regional Technical Publications, Art, and Online Competitions. Thanks and congratulations 
to all the authors who contributed to the first three issues of 2005, on which the award  
was judged.

This issue looks at the status of our aging water infrastructure. Many of our water 
distribution and treatment systems, dams, levees, and canals are celebrating 50-year or even 
100-year anniversaries. The prolific government funding that supported their construction 
has long since dried up, and local agencies increasingly are left struggling to maintain 
the facilities. While a few notable failures have already occurred, the potential for more 
and worse disasters is significant, as the features articles describe. Note that in this issue, 
HydroFacts is expanded and moved to page 23 in order to include all the interesting—if 
dismal—statistics we found on water infrastructure.

Also be sure to check out the In Print and Around the Globe departments. Rather than 
focusing on a single book or topic, we’re catching up on a backlog of newsworthy items 
and publications.

What has your office or agency been working on lately? Your fellow readers want to know—
send us a summary!

Thanks to all the contributors to this issue, as well as to our valued advertisers.

 Betsy Woodhouse 
Publisher

A bimonthly trade magazine for hydrologists, water managers, and other professionals working with water issues.
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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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Aging Infrastructure
Today’s typical municipal water infrastructure includes a patchwork of smaller systems 
built by other entities and subsequently acquired by the utility. Many are very old, 
built with no or inferior standards. California’s extensive levee system was developed 
similarly. Most of our big dams are now 50 to 100 years old. Our water infrastructure 
is starting to crumble. Often, funds are insufficient for even routine maintenance, 
so utilities and relief agencies can only respond to disasters as they happen. And 
we can expect more disasters if the situation is not addressed. In this issue we take 
a realistic look at the problem, what can be done, and how much it might cost.
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ON THE GROUND
Is Woody Riparian Vegetation 
Declining in the Southwest?
Betsy Woodhouse, Ph.D. – Southwest 
Hydrology, SAHRA

Scientists and the media often quote a 
statistic that Arizona has lost 90 percent 
of its riparian vegetation. The original 
source of the 
number is hard 
to trace, but 
more difficult 
is determining 
how much 
riparian 
vegetation was 
in the state at 
any specific 
time in the 
past, let alone 
quantifying 
how much 
there is now. 

Robert Webb, 
a hydrologist 
with the U.S. 
Geological 
Survey in 
Tucson, 
is using 
photographs 
to study 
changes in 
woody riparian 
vegetation 
in the 
Southwest since the 1860s, when the area 
was first photographed. By revisiting 
locations photographed earlier and taking 
new pictures, he has accumulated the 
largest library of “repeat” photography 
in the world. His study area includes 
the Colorado Plateau in Utah, all of 
Arizona, and the Mojave Desert area of 
southeastern California. He has matched 
photos from 5,925 sites covering more 
than 20 rivers in the Southwest. 

Using more than 3,000 of the matched 
photographs, Webb mapped the gains 
and losses of species of woody riparian 
vegetation in the Southwest over the past 

century and saw a correlation between the 
location of species losses and surface and 
groundwater management projects such 
as reservoirs, diversions, and extensive 
groundwater pumping. Examples of 
reaches that have lost riparian species 
include the Mojave River in southern 
California, the lower Gila and Salt 

rivers near Phoenix, and lakes Powell 
and Mead on the Colorado River.

Gains in vegetation abundance have 
occurred in many reaches, including 
major tributaries of the Colorado River 
in Utah; the Virgin River in Utah and 
Arizona (see photos); and in Arizona, 
the Bill Williams, San Pedro, Verde, and 
upper Gila rivers, and tributaries and 
upper parts of the Santa Cruz River.

Natural and Human Factors at Work
Webb attributed the vegetation changes 
he observed to several factors, including 
climate variability, natural geomorphic 
processes, and human intervention. 

Two wet periods occurred in the 20th 
century—one early and one late—
characterized by increased winter rainfall 
and floods, conditions beneficial to 
woody riparian vegetation. Winter and 
nighttime temperatures have increased 
since the 1960s, extending the growth 
period. This warming is particularly 

beneficial in riparian environments 
because water generally is available to 
support increased evapotranspiration. 

While increases in riparian vegetation 
are widespread, locations of decreases 
that coincide with large-scale water 
management activities indicate such 
activities can override favorable growth 
conditions. Although groundwater 
pumping is a well-documented cause of 
reductions in riparian vegetation in many 
locations such as the Santa Cruz River 
in Tucson (see photos), some areas of 
pumping contain thriving riparian systems. 
“A little perching goes a long way,” says 

Vegetation loss: the Santa Cruz River from Martinez Hill near 
Tucson, Arizona, June 1942 (top) and Nov. 25, 2002 (bottom).  
(Stake 937 from the Desert Laboratory Repeat Photography 
Collection. 1942 photo by Arizona Game and Fish; 2002 photo 
by R.M. Turner.)

Vegetation gains: the Virgin River at Littlefield, Arizona, June 
4, 1942 (top) and Oct. 30, 2000 (bottom).  
(1942 photo by John A. Baumgartner for the USGS Arizona 
District. 2000 photo by Dominic Oldershaw, stake 1729b, from 
the Desert Laboratory Repeat Photography Collection.)

1942

2002

1942

2000
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Webb; riparian systems can thrive on 
perched or alluvial aquifers unconnected 
to the regional aquifer where the pumping 
occurs. Some riparian vegetation also 
can adapt to lowering of the water 
table (within limits; about 30 feet for 
cottonwood) if the reduction occurs 
slowly enough for the roots to keep up. 

Webb’s photos document a period of rapid 
arroyo downcutting in the Southwest from 
the late 1800s to the early 1900s, which he 
attributes primarily to large floods, with 
livestock grazing contributing only locally. 
However, old photographs, scientific 
reports, and anecdotal evidence do not 
indicate that arroyo downcutting and large 
floods removed significant amounts of 
riparian vegetation, with the exceptions 
of the Gila River upstream from the Salt-
Gila confluence and the Little Colorado 
River between Holbrook and Winslow.

100 Percent Change
So has Arizona in fact lost 90 percent 
of its riparian vegetation? According to 
Webb, the evidence neither supports nor 
disproves the premise. But he will say that 
nearly 100 percent of the woody riparian 
vegetation in the Southwest has changed, 
with and without human intervention.

Webb’s results raise an interesting 
question: if riparian systems constantly 
change, whether or not humans are 
involved, how do groups working on 
riparian restoration projects decide what 
conditions to restore to? Geologic and 
historic data indicate that flows to the 
Colorado River Delta, currently a hotbed 
of restoration efforts, may have been 
naturally diverted into the Salton Sink 
for as much as three-fourths of the past 
1,700 years, preventing large flood flows 
from reaching the delta. Webb says he 
has deleted all mention of “restoration” 
from his forthcoming book precisely 
because of the questions the term raises.

Bob Webb is the lead author of The Ribbon of Green: 
Long-Term Change in Woody Riparian Vegetation 
in the Southwest, coauthored by Stanley A. Leake 
and Raymond M. Turner, to be published by the 
University of Arizona Press next year.
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ON THE GROUND (continued)

River Restoration Efforts 
Compared Among Four  
Corners States
Jennifer Follstad Shah and Cliff Dahm, Ph.D. 
– University of New Mexico, and  
Steve Gloss, Ph.D. – USGS, Tucson

This article is the second of a 3-part series.

In the last issue of Southwest Hydrology, 
we reported that roughly $1 billion 
has been spent on restoration projects 
throughout the Four Corners states. 
Here we compare the differences in 
the distribution, costs, and goals of 
restoration between these states according 
to 576 project records in the National 
River Restoration Science Synthesis 
Southwestern Database (NRRSS-SW). 

The NRRSS-SW includes records from 
national and regional sources for projects 
in Arizona (193), New Mexico (179), 
Colorado (112), and Utah (101). Results 
are based on dataset availability and do 

Number of river and riparian restoration projects in the NRRSS-SW database by county. Data collection 
focused on obtaining records from the upper and lower Colorado River and Rio Grande watersheds.
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not include individual restoration projects 
within large-scale species recovery or 
ecosystem adaptive management programs 
(AMPs). AMPs are “adaptive” because 
their plans are modified based on the 
results of monitoring efforts that track 
population and ecosystem level response to 
program actions.

Some 78 percent of the 140 counties 
in the four southwestern states are 
represented by records within the NRRSS-
SW (see map). Half of these counties 
contain one to four projects, while only 
five percent of counties have 20 or 
more. Apache County in northeastern 
Arizona has the most projects, with 35. 
Regionally, the highest concentration 
of projects is in the lower Colorado 
River watershed. Project densities are 
likely underestimated for counties in 
the upper Colorado River watershed 
where several AMPs are underway.

Median costs of individual projects 
range from $46,380 in Utah to $84,679 
in Arizona (see table). These figures are 
conservative as they do not include AMP 
projects. Project costs in the Southwest are 
higher relative to national estimates, for 
which median costs are less than $45,000.

Riparian management, water quality 
management, in-stream habitat 
improvement, and flow modification 
are the most common types of projects 
across the Southwest. Arizona has the 
highest percentage of water quality, 
flow modification, land acquisition, and 
fish passage projects. Colorado has the 
highest percentage of bank stabilization, 
channel reconfiguration, and in-stream 

habitat improvement projects. The highest 
percentage of floodplain reconnection 
projects is in New Mexico, which also 
has a high percentage of miscellaneous 
projects such as riparian fuels reduction, 
endangered species recovery, and 
unspecified habitat restoration. Utah has 
the highest percentage of in-stream species 

management and riparian management 
projects. None of the states are well-
represented by dam removal/retrofit or 
stormwater management projects. 

Flow modification, in-stream species 
management, and fish passage projects 
are likely underrepresented by the Arizona 
and Colorado data, as these are focus areas 
of the Glen Canyon Dam AMP, San Juan 
River Basin Recovery and Implementation 
Program, and the Upper Colorado River 
Endangered Fish Recovery Program, not 
represented in the NRRSS-SW. Similarly, 
water quality management would be more 
prominent in Colorado data if individual 
project activity associated with the Upper 
Animas Abandoned Mine Land Program 
were included. 

The most common restoration goals in 
the Southwest mirror those throughout 
the nation with the exception of flow 
modification. The dominance of 
flow modification in the Southwest 
is a byproduct of river regulation 
necessitated by regional water scarcity. 
Flow modification is being used as a 
tool to protect populations of threatened 
or endangered fish and promote the 
regeneration of native plant communities, 
while providing water resources for 
growing human populations.

Monitoring activity is more common in the 
Southwest than in the nation as a whole 
(28 percent versus 10 percent of project 
records). It is most common in Colorado 
and least common in Utah (46 percent and 
16 percent of project records, respectively). 
These differences may be related partly 
to funding requirements of entities that 
fund and track restoration activities. 

The NRRSS-SW represents the most 
comprehensive dataset of restoration 
projects in the Southwest to date. The 
database was created to assess the 
ecological efficacy of restoration practices. 
Efficacy is still difficult to ascertain given 
the paucity of information contained within 
most datasets included in the NRRSS-SW. 
This fact, together with existing NRRSS-
SW database deficiencies resulting from 
missing information pertaining to all 
restoration efforts, underscores the great 
need for increased pre- and post-project 
monitoring, better reporting of restoration 
results, and coordinated tracking of 
restoration projects within relational 
databases at regional or national scales. 

Contact Jennifer Follstad Shah at follstad@unm.edu.

A listing of datasets used to populate the NRRSS-SW 
database can be found at nrrss.umd.edu. 

More information on national trends can be found 
in Bernhardt, E.S., et al., 2005. Restoration of U.S. 
rivers: A national synthesis, Science, 308:636-637.

State
Number of 
Projects

Cost
Percent	of	records	

for	which	data	
were	available	

Total 
(in millions)

Project Mean 
(in thousands) 

Project Median 
(in thousands)

Cost 
Data

Monitoring 
Data

AZ 193 $187 $967 $84 76 24
CO 112 $8 $67 $73 48 46
NM 179 $109 $608 $52 85 29
UT 101 $9 $83 $46 78 16
Summary data from NRRSS-SW, by state. Note: 12 projects span more than one state. Project count 
excludes those associated with adaptive management programs. 
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EPA Strengthens Drinking  
Water Protection
Effective March 6, the U.S. Environmental 
Protection Agency has amended the 
National Primary Drinking Water 
regulations by adding two new rules. 
The first was designed to decrease the 
incidence of gastrointestinal illnesses 
caused by microbial contaminants and 
the second aims to reduce potential 
cancer risks associated with disinfectant 
byproducts in drinking water. 

The “Long Term 2 Enhanced Surface 
Water Treatment Rule” (LT2) requires 
public water systems that are supplied 
by surface water sources to monitor for 
Cryptosporidium, a waterborne pathogen. 
Water systems that measure higher levels 
of Cryptosporidium or do not filter their 
water must provide additional protection 
by using treatment and management 
options such as ultraviolet disinfection 
and watershed control programs. The 
rule also requires open reservoirs used 
to store treated drinking water either to 
be covered or receive added treatment. 

The “Stage 2 Disinfection Byproducts 
Rule” (Stage 2 DBP) was developed 
to balance the benefits and risks posed 
by drinking water disinfection. While 
disinfection is critical to public health, 
chlorine and other disinfection compounds 
can create harmful byproducts when 
they combine with naturally occurring 
materials in water. Under the rule, water 
systems are required to find monitoring 
sites where higher levels of DBPs 
are likely to occur and use these new 
locations for compliance monitoring. 
If DBPs are found to exceed drinking 
water standards at any of these new 
monitoring locations, water systems 
must begin to take corrective action. 

Stage 2 DBP is expected to cause about 70 
percent of the water systems in the country 
to either change the amount of chlorine 
used or to switch from using chlorine 
altogether, according to the Los Angeles 
Times. For example, the Metropolitan 

Water District of Southern California is 
converting its five treatment plants to 
ozone systems at the cost of $856 million. 
LT2 has a significant effect on the Los 
Angeles Department of Water and Power 
(DWP), which has the country’s largest 
open reservoir system to store treated 
water, said the Times. DWP already has 
converted four of its 10 open reservoirs to 
hold untreated water for emergency use, 
and local communities will help decide 
what to do with the remainder. Meanwhile, 
the newspaper reported, underground 
tanks and larger-capacity distribution pipes 
are being installed, and plans are being 
made to transport more water directly 
from treatment plants to customers. 

The final rules were published in the Federal Register 
Jan. 4-5, 2006 (see www.gpoaccess.gov/fr/).  
Copies and additional information can be found at 
www.epa.gov/safewater/disinfection/. 

Arsenic Compliance Help  
from EPA
As of Jan. 23, drinking water systems 
must comply with a more stringent arsenic 
standard of 10 parts per billion. Many 
water utilities were not expected to meet 
the new standard immediately. To help 
them, EPA has released a set of multimedia 
products. Designed to help owners and 
operators make sound treatment decisions, 
the anchor product is the Arsenic Virtual 
Trade Show, a learning portal for arsenic-
treatment technology. The website 
features a database of vendors, a treatment 
“decision tree,” and tips for evaluating 
and selecting treatment providers.  

Other products include a brochure 
containing a checklist of questions that 
small utility owners and operators should 
ask treatment providers; a CD-ROM that 
is a companion to recent arsenic-training 
workshops; and a DVD collection of 
videos that highlight arsenic treatment 
technologies currently being pilot-
tested through EPA’s Arsenic Treatment 
Technology Demonstration Program.

EPA has also updated its website to 
reflect the latest consumer and technical 

information. Kits that include all of 
the new arsenic tools will be delivered 
to EPA’s state and technical assistance 
partners for distribution to public water 
systems affected by the arsenic regulation.  

To launch the Arsenic Virtual Trade Show, go to 
www.arsenictradeshow.org. More information about 
arsenic and drinking water is at  
www.epa.gov/safewater/arsenic.

Huge Arizona Land  
Swap Approved
On Nov. 22, 2005, President Bush 
signed into law the Northern Arizona 
Land Exchange and Verde River Basin 
Partnership Act of 2005, known as the 
“Yavapai Land Exchange,” providing 
a framework for the exchange of about 
50,000 acres of private and public land in 
northern Arizona in order to consolidate 
the largest remaining checkerboard 
ownership in the state. 

The bill preserves 25,000 acres in the 
headwaters area of the Verde River and 
facilitates the voluntary exchange of public 
and private lands to consolidate them into 
contiguous parcels that follow natural 
boundaries, according to Arizona Senator 
Jon Kyl, one of the bill’s backers. 

Among the most important benefits of the 
bill, said Kyl, are its provisions to improve 
water resources management in the 
area. The bill establishes a conservation 
easement on the Camp Verde General 
Crook parcel, which limits water use 
after private acquisition to 300 acre-
feet per year. The bill also facilitates 
the creation of a new Verde River Basin 
Partnership among federal, state, and 
local stakeholders. The partnership will 
be authorized to receive federal assistance 
to develop scientific and technical data 
needed to determine sustainable long-term 
water management policies. 

The Arizona Republic said the deal is the 
largest U.S. Forest Service land exchange 
in Arizona in 50 years. A key party to the 
deal is Yavapai Ranch owner Fred Ruskin, 
who plans to “turn over about 35,000 
acres southeast of Seligman to Prescott 
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National Forest in return for federal land 
scattered throughout the Coconino and 
Prescott national forests, mostly near or in 
cities,” said the Republic. Ruskin’s plans 
for his new land include a new shopping 
center and homes; selling a right-of-way 
for a highway bypass; donating some 
land for open space; and selling land to 
the cities of Flagstaff and Williams for 
airport expansions and other municipal 
developments, including a new wellfield 
for Williams, according to the paper. 

Although the idea of consolidating Forest 
Service land has widespread support, not 
everyone was in favor of the deal. Diane 
Joens of the Cottonwood City Council told 
the Republic that the Verde Valley does 
not have enough water to support a new 
development. 

Visit kyl.senate.gov and www.azcentral.com.

Walker Lake Benefits from 
Energy & Appropriations Bill
Walker Lake in western Nevada is the 
beneficiary of $95 million in federal 
funding approved in the 2002 Farm 
Bill and made available as part of the 
2006 Energy and Appropriations bill. Of 
that amount, $70 million is earmarked 
to the University of Nevada to acquire 
land and water in the Walker River 
Basin and to establish and administer 
an agricultural and natural resources 
center designed to develop innovative 
agricultural water conservation techniques, 
cooperative programs for environmental 
restoration, and other programs. 

In addition, $10 million is designated 
for a water lease and purchase program 
for the Walker River Paiute Tribe. 
Another $10 million is to be used for 
tamarisk eradication, riparian area 
restoration, and channel restoration 
efforts within the basin to enhance 
flows to Walker Lake, and $5 million 
was appropriated to the U.S. Fish and 
Wildlife Service, the Walker River 
Paiute Tribe, and the Nevada Division 
of Wildlife to design and implement 

the Western Inland Trout Initiative and 
Fishery Improvements within Nevada.

Walker Lake is a desert terminal lake 
that has been dramatically impacted by 
diversions, reservoirs, and groundwater 
pumping over the last 150 years (see 
Southwest Hydrology, Jul/Aug 2004). 
As a result, about 50,000 acre-feet 
per year more water is now consumed 
within the basin than is available, lake 
elevations have fallen about 120 feet 
over the last century, and high water 
salinity threatens fish populations. 

The language of the bill is accessible at thomas.loc.gov.

New Mexico Water Quality  
Data Now Online
The New Mexico Environment 
Department recently unveiled a new 
website for information on public 
drinking water systems in the state. The 
site contains water quality testing results 
for all drinking water systems back to 
1993 and is updated every two weeks. 
In addition, the number of customers the 
utility serves, contact information for 
water system officials, and information 
on past violations or enforcement actions 
are available. The site can be searched 
by the name of the water system, or 
by town, county, or other data.

The website is www.safewater.state.nm.us. 

City and Tribe Initiate Long-
Term Water Lease
In the summer of 2004, the Santa Fe, 
New Mexico City Council and the 
Jicarilla Apache Tribal Council signed 
an agreement in which Santa Fe may 
lease up to 3,000 acre-feet per year of 
Jicarilla’s 6,500 acre-foot allocation of San 
Juan/Chama diversion water, beginning 
in 2007. The federal government did 
not sign off on the agreement until more 
than a year later, but in November 2005, 
the first payment—$450,000—of what 
could ultimately be $75 million over 50 
years was made by Santa Fe Mayor Larry 

Delgado to the Jicarilla Apache Nation, 
according to The [Santa Fe] New Mexican. 
Jicarilla officials said this was the first 
such long-term water lease between an 
American Indian tribe and a municipality. 
The November payment represented a 
holding fee to keep the water rights off the 
market for 2004 and 2005; an additional 
$300,000 will be paid for 2006, said the 
paper. In 2007, Santa Fe will begin paying 
the tribe $1.5 million per year for the 
water, a rate agreed upon by the city as 
fair market value of $500 per acre-foot 
per year, reported The New Mexican.

Visit www.sfnewmexican.com.

West Texas Needs More Water
Texas Agriculture Commissioner Susan 
Combs says her state’s population is 
expected to double by 2050 and not 
enough water currently is available to 
supply the new residents, according 
to the Midland Reporter-Telegram. 
Combs spoke last fall at a forum titled 
“Aquifers and Acrobats: West Texas 
Water Policies.” She told the audience 
that $108.6 billion will be needed for 
new water, wastewater, and stormwater 
infrastructure, the paper reported. 
Agricultural water use is less of a concern; 
it is declining due to rising energy costs 
and improved irrigation efficiency.

The Reporter-Telegram said Combs 
attributed part of the current concern 
to the failure of Senate Bill 3 to pass in 
2005, which would have provided funding 
support to groundwater conservation 
districts. The Texas Legislature only meets 
every other year, so the next hope for 
water-related funding is not until 2007.

Kevin Ward, executive administrator 
of the Texas Water Development Board 
said at the meeting that desalination and 
treatment of brackish water are attractive 
potential future water sources for the 
state, reported the newspaper. Reclaimed 
water also was mentioned as a means 
to expand the existing water supply.

Visit www.texaswatermatters.org.
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In Memory of Dennis Underwood
from the Metropolitan Water District of 
Southern California

Dennis B. Underwood, western water 
expert and former commissioner of the 
U.S. Bureau of Reclamation who just 
last April became the chief executive 
officer and general manager of the 
Metropolitan Water District of Southern 
California, died of cancer in November at 
age 60. Metropolitan’s Board Chairman 
Wes Bannister, Interior Secretary Gale 
Norton, Reclamation Commissioner 
John Keys, and Lester Snow, director 
of the California Department of Water 
Resources, all praised Underwood’s 
dedication, compassion, and leadership.

Underwood took a medical leave of absence 
in late October and named Debra C. Man 
as acting CEO and general manager. On 
Feb. 8, Metropolitan’s board of directors 
named its general council, Jeffrey 
Kightlinger, to the permanent position. 

In his limited time as CEO and general 
manager, Underwood launched several 
initiatives designed to further enhance 
the water district’s relationships with 
Metropolitan’s 26 member public agencies 
and other stakeholders. Prior to this, 
Underwood was Metropolitan’s vice 
president of Colorado River resources, 
where he was pivotal in the development 
of a plan to bring California’s water use in 
compliance with its legal apportionment 
for Colorado River supplies. He also 
helped forge a long-term program to pay 
farmers to annually set aside a portion 
of their land, rotate their crops, and 
transfer saved water to urban Southern 
California. In addition, Underwood helped 
negotiate the lower Colorado River habitat 
conservation program, covering 27 species 
along more than 450 miles of the river. 

Underwood’s career included water 
resource development and management 
at both the state and federal levels. As 
commissioner of the Bureau of Reclamation 
from 1989 to 1993, he directed and 
managed the bureau’s activities related 

to water, energy, land, conservation, 
environmental protection and enhancement, 
and endangered species management and 
recovery for 17 western states. Underwood 
served as executive director and executive 
secretary for the Colorado River Board of 
California from 1978 to 1989, working with 
stakeholders to address water and power 
resources needs in the Colorado River 
system. Prior to that, Underwood worked 
for the California Department of Water 
Resources for 10 years.

Recognizing his constribution to sound 
management of water resources in the West, 
the National Water Resources Association 
recently honored Underwood with its 
Distinguished Service Award for 2005. 

Visit www.mwdh2o.com.

In Memory of Sol Resnick
Sol D. Resnick, beloved member of 
Arizona’s hydrologic community, died 
in December at age 87. Resnick was a 
professor at the University of Arizona 
(UA) in the Department of Hydrology 
and Water Resources from its inception 
until his retirement in 1984; he was also 
the director of Arizona’s Water Resources 
Research Center (WRRC) for nearly 20 
years. He specialized in the areas of water 
resources conservation, augmentation, 
and management in arid and semi-arid 
areas, and worked to develop village 
irrigation projects in India, Brazil, 
Thailand, and Israel for the U.S. Agency 
for International Development (USAID), 
World Bank, and other agencies.

Resnick’s career in water resources began 
in the early 1940s with the Tennessee 
Valley Authority. In the late 1940s he 
taught hydrology at Colorado A&M (now 
Colorado State University). From 1952 
to 1957, he worked for USAID in India, 
later chronicling his experiences, “the 
best five years of my life,” in Irrigating 
India, a book coauthored with his wife, 
Elaine. He arrived at the UA in 1957.

Resnick was honored several times in 

recent years, receiving an honorary 
doctorate from the University of Arizona 
in 1993, the Lifetime Achievement Award 
from the Arizona Hydrological Society 
in 1998, and in 2003 he was feted at the 
dedication of the WRRC conference room 
in his name. At each ceremony, colleagues 
and former students praised Resnick for 
both his sensible, practical approaches to 
hydrology problems worldwide, and his 
human qualities of sensitivity, warmth, 
and humor. His highly recommended 
book (reviewed in Southwest Hydrology, 
Mar/Apr 2003) reveals all those qualities.

Visit www.ag.arizona.edu/azwater.

Jacobs to Lead AZ Water Institute
from the University of Arizona

In late December, Katharine L. Jacobs, 
a faculty member at the University of 
Arizona (UA), was selected to become 
the first executive director of the recently 
formed Arizona Water Institute. Jacobs 
holds positions in the soil, water, and 
environmental science department and 
the hydrology department at the UA, 
including the position of deputy director 
of the National Science Foundation 
Center for Sustainability of semi-
Arid Hydrology and Riparian Areas 
(SAHRA). Prior to her arrival at the UA 
in 2003, Jacobs was with the Arizona 
Department of Water Resources.

The Arizona Water Institute, known as the 
Arizona Virtual Water University during 
its planning phase, was formed by an 
initiative under Gov. Janet Napolitano. 
The institute is a consortium of the 
state’s three universities, and will draw 
on faculty and researchers regarding 
issues pertaining to sustainable water 
resources. In collaboration with state 
agencies and Arizona communities, 
the Arizona Water Institute also is 
expected to provide public education and 
analytical support for policy makers, as 
well as new technology development. 

Visit www.azwaterinstitute.org; contact Kathy Jacobs 
at kjacobs@ag.arizona.edu.

PEOPLE
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On August 31, 2005, a day after 
Hurricane Katrina moved 
past New Orleans, the nation 

was shocked by the sight of that city 
slowly going under water, as levees that 
had been guarding the city for decades 
collapsed and let in the waters of Lake 
Pontchartrain, claiming hundreds of lives 
and entire neighborhoods. More recently, 
much of downtown Bristol, Rhode Island, 
was inundated with several million gallons 
of sewage because aging pumps at the 
wastewater treatment facility failed. In 
Taunton, Massachusetts, more than 2,000 
residents were evacuated as a 173-year-
old dam began to fail and threatened to 
send a wall of water through the middle 
of town. These examples reflect growing 

problems in maintaining and modernizing 
our nation’s water infrastructure and 
presage a crisis of great magnitude—a 
threat that seems to be routinely ignored.

No great nation has flourished in the 
absence of a strong water infrastructure 
to provide for the health and welfare 
of its citizens and support its economy. 
Where nations have failed, the lack of 
attention to infrastructure has been a major 
contributor to the decline. For much of the 
latter half of the 20th century, the United 
States relied on the work of the previous 
fifty years to sustain much of its water 
infrastructure. It was the forethought of 
early 20th century leaders that brought 
us far-reaching municipal water systems, 
flood control and navigation structures, 
and hydropower dams. Other than a 

brief spurt of efforts to improve water 
and wastewater plants in the seventies, 
much of the nation’s water infrastructure 
has seen minimal major maintenance or 
needed upgrades in the last fifty years. The 
time is rapidly approaching when the bills 
will come due and the nation will have 
to choose either immediate expenditure 
for rehabilitation and modernization 
or face even higher costs of dealing 
with multiple failures of life-sustaining 
systems. Yet, today, we have no vision 
of how to deal with this challenge.

In 1998, in its first assessment of the 
nation’s infrastructure, the American 
Society of Civil Engineers (ASCE) graded 
our water infrastructure at a ‘C’ level and 
recommended immediate attention to the 
maintenance and upgrade of shortfalls. 
Now, eight years later, ASCE grades it at 

Gerald E. Galloway, Ph.D. – Department of Civil Engineering, University of Maryland, and 
President-elect, American Water Resources Association

The road across Jones Tract in the Sacramento-San Joaquin Delta was wiped out when a levee failed for no known reason in June 2004.  
(Source: California Department of Water Resources.)   
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the ‘D’ level and sees it going down (see 
page 18). In 2002, an EPA “Gap Analysis” 
reported a significant shortfall in funding 
for repairs and upgrades to water and 
wastewater treatment systems. At about 
the same time, the U.S. Army Corps of 
Engineers (ACE) reported that its aging 
waterways infrastructure was facing a 
growing number of lock and dam closures 
for repairs, decreased system performance, 
and costly delays for waterways users. 
Funding for ACE and Bureau of 
Reclamation operation and maintenance 
activities has been in a steady decline. 

The December 2005 failure of controls 
that regulate flows from a pumped 
storage reservoir in Missouri, which led 
to failure of its dam and near loss of 
life in homes below it, was illustrative 
of the 3,500 dams across the country 
that are rated as potentially unsafe. 
Following Katrina, attention focused on 
the condition of the nation’s levees. Early 
reports exposed the fact that levees of 
unknown condition may be providing 
dubious protection in many urban areas; 
nationally, levees are not inventoried 
or assessed for their condition.

What Happened?
Why has this situation developed? The 
lack of attention to infrastructure can be 
attributed to several factors:

The nature of bureaucracies: Maintenance 
and upgrades can be too easily deferred 
in bureaucratic systems. When a 
shortfall in an agency’s budget results 
from unexpected expenses or shifts in 
priorities, funds for maintenance and 
upgrades are easy targets. “What can go 
wrong in this short time? No one notices 
a one- or two-year delay.” Unfortunately, 
even if nothing happens, seldom are the 
“borrowed” funds replaced and, as a result, 
a backlog of maintenance is created.

Inadequate budgeting: Budgeteers are 
equally prone to inadequately funding 
program maintenance and upgrades 
over the long term. Without strong 
pressure to keep maintenance and 
upgrades fully funded, it is too easy 
to give the resources to other “more 
essential” or “more visible” activities.

Lack of awareness: The public is 
unaware of the problem. Statistics about 
an infrastructure maintenance backlog 
fall below the public’s radar screen. 
When information does appear, it is 
often lost in the plethora of information 
that deluges the public and decision-
makers. Even when nongovernmental 
organizations raise the issue of 
infrastructure to senior decision-makers 
and legislative officials, they are too 
frequently given only cursory attention.

Things change: Changing conditions can 
cause current infrastructure to no longer 
perform or serve its original purpose. 
Upstream development may hinder 
the ability of flood control structures 
to safely pass the flood for which they 
were designed. Levees sized to meet 
the floods of the mid-20th century 
may be inadequate in 2006. Climate 
change may produce conditions that 
substantially change the operation of 
irrigation and hydropower systems. 
Water treatment facilities designed 
in the 1970s may be unable to easily 
handle new or emerging contaminants. 

What Can Be Done?
The Bush Administration and Congress, 
in close cooperation with state and local 
officials, need to develop a vision for 
maintaining and periodically upgrading 
our infrastructure, determine the division 
of responsibilities among levels of 
government, and agree on a clearly 
articulated funding program to carry 
this out. In developing this funding 
profile, decision-makers must develop 
innovative approaches ranging from 
improved methods of direct federal, state, 
and municipal support, to development 
of a national investment corporation, 
as recently proposed by Felix Rohatyn 
and Warren Rudman and the Center 
for Strategic and International Studies’ 
Commission on Public Infrastructure. 

A committee of the National Research 
Council also recently suggested 
that we seek regional solutions to 
these infrastructure challenges.

Within our federal and states agencies, 
we need advocates for our infrastructure 
systems. At the federal level, political 
leaders typically want to decide what 
programs will be supported and frown 
on campaigning by agencies in support 
of particular programs. Those who 
advocate more mundane activities 
such as infrastructure maintenance and 
upgrading are not seen as team players, 
yet informed advocacy is essential. 

We must hold elected officials 
responsible not only for the day-to-day 
operations of the infrastructure they 
supervise but also for the long-term 
viability of these systems. Approaches 
that focus only on actions that will 
take place during their term of office 
cannot be considered acceptable.   

In the past, the United States invested 
heavily in its water infrastructure. Those 
who came before us sought to provide 
both for their own needs and the needs of 
future generations. Unless action is taken 
by the present generation, the successes 
of the past may be lost and the hopes 
for the future may not be realized.
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Approximately every two years, 
the American Society of Civil 
Engineers (ASCE) assesses 

the condition of 15 categories of the 
nation’s infrastructure in its Report Card 
for America’s Infrastructure. The 2005 
report assigned poor grades in all three 
water-related categories applicable to 
the Southwest: dams (D), wastewater 
(D-), and drinking water (D-). These 
grades were as bad or worse than similar 
assessments in 2001 and 1998. They 
were based on condition and capacity, 
and funding versus need; they were also 
weighted for problems that could lead 
to catastrophic and deadly failure, such 
as collapse of a dam. For comparison, 
none of the infrastructure categories 
fared particularly well; the highest grade 
assigned in any category was C+ for solid 
waste, but D- was the lowest grade, only 
assigned to categories related to water.

The states of Arizona, California, 
Nevada, New Mexico, and Texas all 
included a water category in their top 
three infrastructure concerns. Rankings 
are summarized in the table at bottom.

ASCE’s report was the work of a panel 
of 23 leading civil engineers, who 
“analyzed hundreds of studies, reports 
and other sources, and surveyed more 
than 2,000 engineers to determine what 
was happening in the field.” Around one-
third of the panelists were from western 
states. Five were from academia, eight 
from public or governmental agencies, 
and 10 from the private sector.

Regional report cards were also solicited 
from ASCE regions and branches, and 
included as addenda to the national report. 

From the Southwest, report cards were 
received from Texas (2004), San Diego 
County (2004), Los Angeles County 
(2005), and Orange County (2002). 
These regional reports were compiled 
by local panels of civil engineers and 
generally assigned higher grades in 
more water categories, but defined risks 
more clearly than the national report. 

The regional reports that created new 
categories generally reflected a particular 
concern in that area. Texas, for instance, 
assigned itself a D- for flood control, 
noting that Texas led all states in flood 

claims (prior to Hurricane Katrina), but 
had no statewide floodplain management 
plan and did not fund flood control 
infrastructure except through low-interest 
loans and small grants. Los Angeles and 
Orange counties both added a category 
for urban runoff—assigning a D in 
both cases—with LA. County saying 
urban runoff poses “major water quality 
problems,” though experts widely disagree 
on the funding needed to address it. 
Orange County cited a continued need 
for a regional, watershed-based, multi-
agency planning effort on this subject.

Dams: Overall Grade D
Nationally, the number 
of unsafe dams has risen 
33 percent since 1998. 
Most concerns focus on 
nonfederal dams that pose 
direct risk to human life, 
which will require $10.1 billion over 
the next 12 years to completely repair 
or replace. The report cites insufficient 
funding and qualified staff as major 
problems with respect to dam maintenance, 
inspection, and safety. Only 5 percent of 
the nation’s 79,000 dams are regulated 
by federal agencies; state programs 
regulate the rest. Dam statistics for the 
Southwest are summarized at left.

Specific policy recommendations by the 
national panel included:

• establishment of comprehensive dam 
safety programs in all states

• creation of a loan fund for the most 
critical non-federal dams needing repair, 
maintenance, or replacement

• full funding for the Small Watershed 
Rehabilitation Act

• reauthorization of the National Dam 
Safety Program Act

Dams were also of special concern to the 
Texas regional panel, which assigned a 
grade of D- for the category. Panelists 
stressed that most of the state’s high-hazard 
dams do not have regular inspections 
or maintenance. 

Drinking Water: D-
Nationally, ASCE’s 
evaluation of drinking 
water infrastructure 

ASCE Assessment: 
Water Infrastructure Needs Attention
Mary Black – SAHRA, University of Arizona

Dam conditions in southwestern states

Top infrastructure concerns in southwestern states.  Source: Surveys of state civil engineers, conducted in Aug. 2003 (for 2003 report) and Dec. 2004 (for 2005 report)

ARIZONA CALIFORNIA NEVADA NEW MEXICO TEXAS
2003 2005 2003 2005 2003 2005 2003 2005 2003 2005

#1	 Roads Roads Roads Roads Drinking Water Roads Drinking Water Roads Roads Roads 

#2	 Drinking Water Drinking Water Drinking Water Schools Roads Drinking Water Roads Schools Drinking Water Wastewater 

#3	 Schools Mass Transit Schools Wastewater Schools Mass Transit Schools Drinking Water Waterways Mass Transit 

Deficient 
dams*

High-hazard 
dams**

Rehab cost 
($ million)*** 

Arizona 38 91 $64

California 44 336 $679 

Nevada 58 134 $30.2

New Mexico 61 164 $152.9

Texas 113 857 $667

Nationwide >3,500 10,213 >$30 billion

* “deficiency” is defined by the state, but applies to dams considered to be 
unsafe and susceptible to failure 

** dams whose failure would cause loss of life and significant property damage; 
does not mean dam is necessarily deficient 

*** from a study by the Association of State Dam Safety Officials
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needs was based on data collected in 1999 
by the U.S. Environmental Protection 
Agency. Additional data collected by EPA 
in 2003 show significant increases to 
forecasted needs in the southwestern states 
except for New Mexico (see table at right). 
Arizona showed the greatest increase in 
needs, jumping in national ranking from 
27 to 10. California and Texas have the 
greatest drinking water infrastructure 
needs in the nation, together constituting 
21 percent of the nation’s projected need. 
ASCE’s report estimated that less than 10 
percent ($850 million) of the $11 billion 
currently needed to maintain or replace 
drinking water facilities and comply with 
federal regulations was budgeted for 2005; 
this same amount is proposed for 2006.

The good news in this category is that 
despite the poor grade, drinking water 
has fallen as a top 3 concern in every 
western state but Arizona since the 2003 
report (see table, below left). Arizona’s 
concerns are likely due to Colorado River 
allocation issues in light of recent droughts.

Regional panelists expressed less worry 
than the national panelists in this category. 
San Diego County assigned a grade of 
B to the county’s supply, treatment, and 
distribution of drinking water; Los Angeles 
County gave a C+ to its drinking water 
infrastructure, mainly citing a need to 
replace the aging distribution system; 
and Orange County assigned a B in the 
category of water, which included drinking 
water supply and quality, although it 
acknowledged cuts to surplus Colorado 
River water supplies were looming.

Wastewater: D-
To replace and 
supplement aging 
and ailing wastewater 
management 
systems, which discharge billions of 
gallons of sewage into surface waters 
each year, a national investment of $390 
billion over 20 years would be required, 
according to ASCE’s report. However, 
funding for such activities was cut by 
the U.S. Congress in 2005, and the Bush 
administration has proposed for 2006 
a further reduction of 33 percent. In 

See ASCE, page 35

Drinking Water Infrastructure* Wastewater Infrastructure** 

Estimated Cost (billions) National Ranking Estimated Cost (billions)

1999 2003 1999 2003 2000 1996

Arizona $1.62 $9.12      27              10 $6.2 $2.5

California $17.5 $27.9 1 2 $14.4 $11.5

Nevada $0.602  $0.912 39 36 N/A $0.84

New Mexico $1.04  $0.92 33 35 $0.206 $0.242

Texas $13 $28 3 1 $9.15 $6.4

Nationwide $139 $264 $390 N/A
*Sources:	 •	 EPA,	2003	Drinking	Water	Infrastructure	Needs	Survey	and	Assessment,	Third	Report	to	Congress,	2005,		

http://www.epa.gov/safewater/needssurvey/
	 •	 EPA,	1999	Drinking	Water	Infrastructure	Needs	Survey	and	Assessment,	Second	Report	to	Congress,	2001,		

http://www.epa.gov/safewater/needssurvey/needssurvey.html
**Sources:	•	 EPA,	Clean	Water	Needs	Survey	2000	Report	to	Congress,	2003,	http://www.epa.gov/owm/mtb/cwns/
	 •	 EPA,	Clean	Watershed	Needs	Survey	1996	Report	to	Congress,	http://www.epa.gov/owm/mtb/cwns/1996rtc/toc.htm

Drinking water/wastewater infrastructure needs for the next 20 years
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California 
flood officials watched 
with dismay the destruction 
and despair created by Hurricane 
Katrina, knowing that a myriad of 
such tragedies could easily come to 
California. While California does not 
generally suffer hurricanes, it receives 
significant precipitation and runoff from 
warm winter storms. In fact, the odds 
of a catastrophic flood were higher in 
California because the levels of protection 
provided by most of its levees are much 
lower than those associated with the 
levees that protected New Orleans. 

Last year, California’s Department of 
Water Resources (CDWR) released 
“Flood Warnings: Responding to the 
Flood Crisis in California.” This white 
paper was mandated by the California 
Legislature to document challenges 
associated with a deteriorating levee 
system in the state’s Central Valley and 
outline possible solutions. Among the 
findings was that California’s Central 
Valley flood control system is not only 
deteriorating, but in many places is 
literally washing away. At the same 
time, California’s growing population is 

pushing new housing developments and 
job centers into the floodplains of the 
Central Valley. Flood control funding 
cuts at many levels of government 
combined with increasing liabilities 
have created a ticking time bomb for 
flood management in California.

The Early Days
Rimmed on the east by the Sierra Nevada 
and on the west by the Coast Range, 
California’s Central Valley is basically a 
large bowl collecting most of the state’s 
rainfall. Prior to the development of 
the West, the valley periodically would 
become a huge inland sea when valley 
flood waters overflowed their banks and 
spread across the floodplains. As farmers 
began moving into the Central Valley 
floodplains in the early to mid-1800s, 
they constructed small dikes or levees to 
provide some protection against flooding 
and reclaim the land for agricultural 
development. Soon, communities such 
as Sacramento, Marysville, and Stockton 
sprang up along the rivers. Limited 
flood control efforts failed to provide 
much protection and many communities 
and surrounding lands were repeatedly 
flooded. Mining activity in the mountains 
worsened the situation by filling many 
river channels with so much silt and 

sand that navigation and flood carrying 
capacity were severely impacted.

In the late 1800s a system of new levees, 
weirs, and bypass channels was proposed. 
The federal government agreed in the 
early 1900s to lead efforts to construct 
flood control projects in the Central 
Valley, and a California State Reclamation 
Board was formed as the local sponsor. 
The board provided land, easements, 
rights-of-way and, in some cases, a 
local cost share. It also agreed to accept 
ownership of the projects completed 
by the U.S. Army Corps of Engineers, 
maintain the system, and hold the federal 
government harmless. Much of the 
levee system was later turned over to 
local reclamation districts to maintain.

The Corps of Engineers constructed 
new levees and enlarged existing ones, 
with most work occurring from 1917 
to 1960. The levees were designed 
without benefit of modern engineering; 
even the relatively newer ones were 
constructed using techniques considered 
unacceptable today. Levees constructed 
in the early 1900s were commonly 
built from muck dredged from the river 
and spread with little compaction. 

The Flood Crisis 
in California’s 
Central Valley
Leslie F. Harder, Jr., Ph.D., P.E. G.E. – California Department of Water Resources

In the event of a large earthquake near the Delta, levee 
failure and island flooding could draw salt water (blue) from 
San Francisco Bay well into the Delta waterways (orange).

San Pablo Bay
Suisa

n Bay

San Francisco Bay
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Today’s Deteriorating System
The Central Valley’s state-federal 
flood control system currently includes 
approximately 1,600 miles of project levees 
that protect more than 500,000 people, 
two million acres of cultivated land, and 
approximately 200,000 structures with 
an estimated value of $47 billion. Most 
levees are maintained by local reclamation 
districts. California directly maintains about 
300 miles of levee system, and operates and 
maintains the channel and bypass system 
in the Sacramento 
Valley. Funding 
for maintenance 
work carried out by 
local reclamation 
districts is generally 
provided by local 
assessment fees, while 
maintenance work 
performed by the state 
is principally funded 
by the state’s general 
fund. The state also 
operates ten maintenance areas where 
local reclamation districts have been 
dissolved, using funds collected from 
those protected by the levees.

While most of the levees are maintained 
reasonably well by local agencies and the 
state, those constructed almost a century 
ago have significantly deteriorated. Effects 
include internal and external erosion 
induced at high flows, degradation/removal 
of natural berms, animal burrowing, 
and settlement and cracking. The 
uncontrolled growth of vegetation and 
build-up of sediment has also significantly 
reduced the amount of water that can 
flow smoothly through the system. 

Riverbank and levee erosion has been 
particularly devastating. Part of the levee 
system was designed so flood flows would 
scour out the mining sediments filling 
river channels. The success of that design 
now causes flows to erode the natural 
channels and flood protection levees.

The cost of considering environmental 
issues has also become a factor in 
trying to maintain the deteriorating 
system. Significant effort and resources 
are required to preserve habitat and 

minimize or mitigate impacts to various 
endangered species. Many maintenance 
projects now cost double or triple the 
amount envisioned decades ago.

Many levees also have design deficiencies 
associated with underseepage and other 
foundation weaknesses that were never 
considered in the original design. Costs 
to reevaluate the structural integrity of 
most project levees are estimated at 
over $60,000 per mile. For the 1,600 
miles of levees in the Central Valley, this 

reevaluation alone would 
cost over $100 million. 

Flood Liability
In recent years, California’s 
courts have exposed 
public agencies and 
the state to enormous 
financial liabilities for 
flood damages. Paterno vs. 
State of California ruled in 
November 2003 that when a 

public entity accepts and operates a flood 
control system built by another, it assumes 
liability as if it planned and built the 
system. The Paterno ruling held California 
responsible for defects in a Yuba County 
levee foundation and its failure in 1986, 
even though the levee was originally 
constructed by local agricultural interests 
in the 1930s and later incorporated into 
the state-federal flood control system. 
This particular judgment cost California 
about half a billion dollars and may 
make California ultimately responsible 
for the structural integrity of much of the 
Central Valley flood control system.

Sacramento’s Flood Concerns
Sacramento was founded at the confluence 
of the American and Sacramento rivers 
and is protected from flooding by both 
upstream dams and state-federal project 
levees. The city has only about a 100-
year level of flood protection (each year 
there is a one percent chance of a flood 
disaster), far lower than most major 
urban areas in the United States. River 
cities such as Tacoma, St. Louis, Dallas, 
and Kansas City have 500-year levels of 
protection. Even New Orleans was thought 
to have a 250-year level of protection. 

Local, state, and federal agencies have 
been working together to improve 
Sacramento’s flood protection; however, 
major improvements are still several 
years away. Meanwhile, these agencies 
have determined that a large flood 
would inundate significant areas of 
Sacramento to depths of 15 feet or 
more (see figure above), with resulting 
property and economic losses ranging 
into tens of billions of dollars.

The Vulnerable Delta
The Central Valley is drained by the 
Sacramento and San Joaquin rivers, 
which meet in the Sacramento-San 
Joaquin Delta. There, nearly 60 islands 
and tracts lie below sea level, kept dry by 
more than 1,115 miles of levees, many 
of which are founded on organic, peat 
soils. Over 700 miles of them are local, 
privately owned levees constructed and 
enlarged by farmers during the last 140 
years. Most have problems associated 
with long-term settlement and island 
subsidence. More than 160 levee failures 
and island inundations occurred in the 
1900s, mostly but not exclusively during 

The levees were 
designed without 
benefit of modern 
engineering; even the 
relatively newer ones 
were constructed 
using techniques 
considered 
unacceptable today.

Location and inundation depths of a 200-year 
flood in Sacramento.

Inundation Depth (ft)
0–2
2–6
6–15
>15

Levee breach

continued on next page
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flood events. In June 2004, a levee failed 
and flooded over 12,000 acres on Jones 
Tract for no known reason, resulting in 
an estimated $100 million in damage and 
reconstruction costs, most of which will 
ultimately be paid for by taxpayers.

The delta provides important habitat and 
conveyance for various fisheries and 
wildlife; equally important, two-thirds 
of California’s population obtains at 
least some of its drinking water from its 
exports. An earthquake near the delta 
could cause massive levee failure and 
island flooding which would draw salt 
water from San Francisco Bay into the 
delta waterways (see figure, page 20). The 

increased salinity could reduce or even 
shut down water exports from the delta 
for months, if not years, with a potential 
economic impact of up to $30 billion 
to $40 billion in the first five years.

Initiatives and Solutions
CDWR’s white paper recommended several 
strategies to reform the flood management 
system in the Central Valley, among them:
• maintain the existing infrastructure;

• address deferred maintenance and 
deficiencies to recover intended 
original design capacity;

• update floodplain maps to inform the 
general public and guide policies;

• upgrade urban areas to higher 
levels of protection;

• improve emergency response;
• complete a Delta Risk Management 

Strategy; and
• mandate flood insurance for 

those living behind a levee.
The Governor is supporting legislation 
to reform California’s flood management 
programs and develop funding mechanisms 
to sustain them. The state is also working 
closely with local and federal partners to 
improve the system. Clearly, much needs 
to be done for California’s Central Valley 
to avoid the fate that befell New Orleans.

Contact Les Harder at harder@water.ca.gov.

Most of the responsibility for maintaining 
California’s 300-mile network of levees falls 
to local districts. And as an investigation by 
the Sacramento Bee found, not only the levees 
need help. Nearly half of the 73 levee districts 
whose financial audits were reviewed by the 
Bee operated at a deficit during the last fiscal 
year. The average deficit was $134,000 and the 
maximum was $500,000. Only a third of the 
districts had enough cash reserves to cover one 
year’s operating expenses.

According to the Bee, these results mean that 
levee districts are struggling to keep up with 
basic maintenance, upgrades are not likely, and 
financial reserves are draining away. Among the 
Bee’s findings: 

Eight key islands on the western edge of the 
Sacramento-San Joaquin Delta are essential for 
maintaining the fresh water supply in the delta. 

If any of the islands flooded, salt water would 
contaminate the fresh water in the delta, which 
provides two-thirds of Californians with fresh 
water. Yet the Bee found an average annual 
operating deficit of about $80,000 among the 
districts responsible for the island levees. 

One levee district in the southern Central 
Valley decided to disband after its levees failed 
inspection for liability insurance coverage. 
The district had been operating off funds from 
a land sale, but that money ran out. Fearing 
personal liability if a levee failed, the board 
resigned, hoping Tulare County will take over 
maintenance responsibility. County officials 
told the Bee that they have not yet decided 
what to do, but that they were not taking 
over levee maintenance in the meantime.

Levee districts are funded from property taxes, 
but not as a proportion of assessed value. Thus, 

according to the newspaper, as farmland gives 
way to residential development, the districts 
receive no additional money, even though the 
potential liability increases significantly. Flood-
control experts told the Bee that the districts are 
widely considered to be run frugally by people 
who know the land well and volunteer their labor 
and equipment to do repair work, often for free. 

Certainly more people than just those adjacent 
to the levees benefit from them, including 
developers, homeowners, and water consumers 
to the south. Metropolitan Water District of 
Southern California Vice President Tim Quinn told 
the Bee that his agency recognizes a need to 
share in the costs of flood protection, but he fears 
the agency is an easy mark, with deep pockets, 
and any acceptable financing plan would need to 
have broad participation from all beneficiaries.

Visit www.sacbee.com.

Levee Districts Struggle

continued from previous page
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Numbers
Number of dams in United States: 7�,777 
Percent for which federal government is responsible for 
maintenance and safety: � 
Percent for which states and localities are responsible: ��

Primary Reason for Construction (percent)
Recreation: 
Fire protection: 
Flood control: 
Irrigation: 
Water supply: 
Hydroelectric: 
Fish & wildlife: 
Mine tailings: 
Debris control: 
Navigation: 
Other/unknown:

Ownership (percent)

Safety
Catastrophic dam failures reported by states, 1999-2004: 12� 
Dams with deficiencies leaving them susceptible to failure: 3,2�3

No. 1 factor for dam failure: seismic or weather events 
No. 2 factor: age

Typical design life of most dams: �0 years 
Percent of U.S. dams at least 50 years old: 30

Ideal number of dams per state regulator: 2� 
National average, dams per regulator: 3��

State budgets for dam safety programs: $32.� million 
Budget per regulated dam: $3��

No. of states with loan or grant programs to repair unsafe dams: � 
Western states with such programs: Arizona, Utah

Source: Congressional Research Service, The Library of Congress Aging 
Infrastructure: Dam Safety, September 29, 2005

Estimated Repair and Rehab Costs
For nonfederal dams:                   $3�.2 billion 
For the most critical dams:            $10.1 billion over 12 years

Source: CRS Report for Congress, quoting State Dam Safety Association 2002 
estimates

HydroFacts
Dams

16.4

29.9
21.4

10.1
7.4

2.7
1.3
1.2
0.8

0.1
8.7
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govt.
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Public utility companies
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Other/unknown

2.4
4.7
4.8

11.5
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56.4

1850 1950 20501900 2000

cast iron *
early

health issues

lead

galvanized steel

cement asbestos

PVC

installed

useful life (range)

replacement

middle
late

early
middle

late

*The oldest cast iron pipes, dating to the late 1800s, have an average life expectancy of 100 to 120 years. Because of changing materials and manufacturing techniques, 
pipes laid in the 1920s have an average life expectancy of nearly 100 years, while those laid in the post-World War II era are expected to last only about 75 years.

Aging Wastewater Systems
Estimated cost to repair: $22 billion/year for 20 years 
Current spending on repairs: $10 billion/year

Source: Association of Metropolitan Water Agencies testimony to U.S. House on 
aging water supply infrastructure, April 28, 2004

Pipes
Total miles of water mains in the U.S.: �00,000 
Estimated number of water main breaks each year:   23�,000 
Percent system water losses due to deteriorating lines: about 10
Source: 2002 survey by the Association of Metropolitan Water Agencies

Drinking Water/Wastewater
Combined water/wastewater spending needs for selected cities: 
Denver, CO: $3�3 million 
Austin, TX: $��� million 
Phoenix, AZ: $1.2� billion

Source: Gary Woodard, SAHRA
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In the latter decades of the 20th 
century, Tucson Water, like most other 
utilities around the nation, relied on 

an infrastructure that was slowly aging. 
Because Tucson depended on groundwater 
supplies that were stable in quality over 
time, the slow deterioration of the pipes 
went largely unnoticed. Although the 
utility maintained a relatively modest 
ongoing replacement program for mains, 
other system needs often took precedence. 
When a new water supply was introduced 
in the early 1990s, deterioration of the 
water system accelerated and led to a 
crisis, and became a potent illustration 
of the importance of an ongoing 
infrastructure replacement program.

In 1992, Tucson Water introduced 
Colorado River water into the drinking 
water supply for about half of its  
customer base, or approximately 250,000 
people. This supply came to Tucson 
for treatment and subsequent delivery 
via the Central Arizona Project (CAP) 
canal system, which conveys Colorado 
River water from a location near Lake 
Havasu on the Arizona/California border 
to municipal, agricultural, and industrial 
customers in central and southeastern 
Arizona. This new resource exposed 
Tucson’s extensive water system 
to water with characteristics very 
different from the groundwater 
the city had relied upon for 
decades. Among these 
differences 

were a level of total dissolved solids 
(TDS) of 650 mg/L, approximately twice 
that of the average local groundwater, and 
a more aggressive corrosivity potential, 
primarily related to a pH of about 7.6 
in the treated CAP water compared to 
an average of 7.9 in groundwater.

My Water is Brown!
Almost immediately following the initial 
delivery of Colorado River water, the 

utility began receiving complaints about 
water that was discolored, smelly, foul-
tasting, or contained rust. Analyses showed 
that the water contained high levels of 
iron and other corrosion byproducts 
from metallic water mains and private 
plumbing. In essence, the aggressive 
water was releasing existing corrosion 
and scale from the pipe 

walls. In a number of cases, the corrosion 
products had completely replaced the 
pipe walls. When the rust and scale were 
removed, pinhole leaks appeared, joints 
failed, or pipe walls burst under pressure. 
In 1994, the Colorado River water supply 
was discontinued and the utility returned 
completely to using groundwater. By 
then, more than 14,000 complaints had 
been received and the utility ultimately 
had to pay more than $2 million in 
damages to affected customers.

Having learned the consequences of 
allowing portions of the water system 
to age beyond its reasonable lifespan, in 
1996 Tucson Water began an accelerated 
replacement program for its water mains. 
Tucson Water’s service area covers more 
than 300 square miles and contains more 
than 4,200 miles of distribution and 
transmission mains. Nearly 220 miles 
of galvanized steel or unlined cast iron 
mains were identified and prioritized 
for replacement or rehabilitation. These 
water mains were scattered all over the 
system. In some areas all or most of a 
neighborhood’s mains were in need of 
replacement, while in 

… the corrosion products 
had completely replaced the 
pipe walls. When the rust 
and scale were removed, 
pinhole leaks appeared, joints 
failed, or pipe walls burst…

Mitchell Basefsky - Tucson Water
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others only half a dozen isolated mains 
had to be replaced within a square mile.

The Problems of Inheritance
Tucson Water’s historical pattern of 
growth compounded the difficulty and 
expense of identifying and replacing these 
mains. Tucson Water was first established 
as the municipal water utility in 1900. 
Throughout much of the 20th century, the 
utility’s primary method of growth had 
been to purchase existing private water 
systems. Information about the material, 
location, and depth of facilities in these 
private systems was sometimes missing or 
inaccurate. Mains were located 
under busy streets, in unpaved 
alleys and easements, and 
some crossed private property. 
Often, the small utilities that 
had initially constructed their 
water systems used inexpensive 
and occasionally substandard 
materials, and their design and 
construction standards were 
below par. Field verification of 
water system facilities became 
necessary before the final design of each 
main replacement project was completed. 
Verification methods included either 
excavation of pipeline segments or 
“vacuum extraction” potholing, which 
allows the utility to expose very small 
portions of the pipeline for examination. 

Galvanized steel mains were replaced 
primarily with PVC pipe, while unlined 
cast iron mains, most of which were 
in good shape, were internally scraped 
and mortar-lined. In addition, the utility 
discovered approximately two miles 
of substandard or improperly installed 
cement/asbestos (CA) pipe, which 
normally has a life expectancy of about 
50 years. Its early failure was not related 
to the quality of CAP water, but was 
discovered during the accelerated main 
replacement program. Ultimately, more 
than $40 million was expended during 
the five-year accelerated water main 
replacement and rehabilitation program, 
or approximately $40 per linear foot of 
water main. Since 2001, the utility has 

expended an average of $3 million per 
year for continuing main replacement 
activities, primarily through the sale 
of water revenue bonds. Some main 
replacement projects have been financed 
through low-interest loans provided by 
the Water Infrastructure Finance Authority 
(WIFA), an independent state agency 
that administers the Federal Drinking 
Water Revolving Fund (DWRF) for 
drinking water construction projects.

Planning for the Future
The problems associated with the initial 
delivery of Colorado River water vividly 

illustrate the importance of an ongoing 
system replacement and rehabilitation 
program. But, water quality aside, there 
are many other reasons why such a 
program must be included in every water 
utility’s capital improvement planning. 
The Tucson Water system also contains 
dozens of major reservoirs and associated 
facilities, as well as thousands of valves, 
pumping and pressure reduction facilities, 
and hundreds of water production wells. 
All of these facilities, which together 
make up a community investment of over 
$1 billion, must function properly in order 
to provide continuing water service to its 
680,000 customers. Without a program 
to identify and replace aging or failing 
infrastructure and the necessary funding 
via water rates and/or water revenue 
bonds to pay for these critical activities, 
it would become increasingly difficult 
for Tucson Water to ensure that service.

Water main breaks, caused by internal 
deterioration or by outside forces such 
as nearby construction activities, are a 

daily occurrence within the Tucson Water 
system. Repairing these breaks requires 
properly functioning valves that allow 
crews to isolate and de-water broken 
mains before repairs can be accomplished. 
In a system that includes 15 different 
elevational pressure zones, booster stations 
and pressure reduction facilities provide 
the means by which proper water pressure 
is maintained within the system. Ongoing 
maintenance, and eventual replacement 
of these facilities, is a necessity.

A nationwide study coordinated by the 
American Water Works Association 

(AWWA) in 2001 evaluated the status 
of water infrastructure in 20 major 
metropolitan areas. Extrapolating 
from that study, AWWA estimates 
that nationwide expenditures for 
the replacement of drinking water 
infrastructure will be on the order of 
$250 billion over the next 30 years. 
This does not include the cost of 
replacing wastewater infrastructure or 
the costs of new treatment facilities 

intended to meet increasingly stringent 
water quality standards. The chart at 
left shows the AWWA study’s projected 
aggregate cost per year for replacement of 
drinking water infrastructure in the Tucson 
Water system. The rising wavy shape is 
very similar to the replacement cost curve 
of water utilities throughout the nation.

Keeping water affordable while meeting 
the challenge of maintaining an efficient 
and reliable water system poses a 
significant challenge for Tucson Water and 
the community it serves. For this reason, 
the utility’s Long Range Water Plan 
integrates both water resource and water 
management planning with infrastructure 
planning and construction. By concurrently 
evaluating our community’s need for water 
supplies and the infrastructure necessary 
to deliver that water to customers, 
Tucson Water will be in a better position 
to meet future water challenges.

Contact Mitchell Basefsky at mitch.basefsky@
tucsonaz.gov. The Long Range Water Plan is 
available at www.tucsonaz.gov/water.

Projected annual infrastructure replacement costs for Tucson.
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The Bureau of Reclamation was 
established in 1902 with the 
objective of irrigating the arid 

West to make agriculture viable. Water 
was a precious commodity then, and 
the changing face of the West has only 
made water more precious today.

Several factors contribute to the increased 
demands for water. Drought has always 
been a concern for Westerners, but, as 
significant as it is, drought will not be the 
only cause of future water shortages. The 
West is our nation’s fastest-growing region, 
and demands for water and hydropower 
are expanding along with the population. 
Between 1990 and 2000, the populations 
in Colorado, Idaho, and Utah grew by 
more than 30 percent. Over the same 
period, Arizona’s population grew by more 
than 40 percent, and the population in 
Nevada grew by more than 60 percent. 

The dramatic growth experienced by many 
Western communities, coupled with the 
existing requirements of farmers, power 
producers, and the environment have 
resulted in increased competition for this 
finite resource. And, while the dams and 
reservoirs built by Reclamation a century 
ago continue to do a tremendous job, they 
were not designed for the growing needs of 
the modern West. 

Several options exist for meeting these 
needs, now and in the future. The most 
effective answers lie in two programs that 
are priorities for Reclamation in the coming 
years: Interior Secretary Gale Norton’s 
Water 2025 initiative, and Reclamation’s 
program to improve aging infrastructure.

We are looking to Reclamation employees 
across the West to lead the way in bringing 

together competing interests to arrive at 
collaborative, local solutions. By practicing 
Secretary Norton’s four C’s—conservation 
through cooperation, communication, and 
consultation—we can hope to achieve 
lasting local solutions to prevent crises 
and prolonged, expensive litigation.

New storage may help meet Western water 
needs. In some cases, new storage projects 
may be the only viable solution to local 
water supply issues, and Reclamation is 
working with a variety of stakeholders 
to explore those possibilities. But we 
have to be realistic. New storage may 
require long and complicated approval 
and funding processes and take years 
to build. Modern environmental and 
cost constraints must be considered. 
The days of the large project with the 
federal government as the sole funding 
source are over. There is still an integral 
federal role, but as a cooperating partner. 
Decisions about any new storage will 
have to be shared, locally and nationally. 

Near term, the quickest and most effective 
way to alleviate shortages is to stretch 
the water supplies that we already 
have. There are many opportunities for 
water projects and water supplies to 
be managed more efficiently and for 
collaborative, market-based solutions 
to be found. Project reoperation, new 
technologies, and innovative solutions such 
as conjunctive groundwater and surface 
water management and water banks can 
help us to stretch existing water supplies. 

Partnering Through Water 2025
Water 2025 frames our work to stretch 
water supplies. One part of Water 2025, the 
Challenge Grant program, is a 50-50 cost-
share program that has enabled Reclamation 

to partner with local water districts to 
focus resources and leverage limited funds 
where they can have the greatest impact. 

In 2004 and 2005, the Challenge Grant 
Program awarded $15 million for 62 
projects. This funding returned almost $60 
million in on-the-ground water delivery 
system improvements, a return of four 
times the investment.

One challenge grant went to the Yuma 
County Water Users Association in Arizona, 
which is lining 5.8 miles of canals to reduce 
seepage and save more than 7,500 acre-feet 
of water annually in this very dry region.

Another challenge grant went to the 
Elephant Butte Irrigation District in New 
Mexico, which is installing 100 flow 
control meters to better monitor water 
deliveries to farms. By installing these 
meters, the project is expected to save 8,000 
acre-feet of water and more effectively 
manage 75,000 acre-feet of water.

But Water 2025 is more than just a grant 
program. It’s a new way of thinking about 
how to avoid conflict before the crisis hits. 

Infrastructure Rehab Underway
Reclamation also is anticipating future 
water and power demands by making it a 
top priority to improve the safety, security, 
and efficiency of our existing structures. 
About half of Reclamation’s dams are 
older than 50 years, and only 10 percent of 
them were built under current design and 
construction practices. We are rehabilitating 
these aging facilities by incorporating 
new technologies that improve operations 
and bring environmental benefits.

Rehabilitated dams will not look a 
lot different on the outside, but the 

Cooperation Key 
to Reclamation’s 
Future Water Works
John Keys III – Commissioner, Bureau of Reclamation

Arrowrock Dam in Idaho. (Source: U.S. Bureau of Reclamation)
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improved technology inside will bring 
great improvements. One recent example 
is Arrowrock Dam in Idaho. When 
completed in 1915, Arrowrock was, at 
350 feet, the highest dam in the world. 
It served Idaho well for a long time, but 
equipment inevitably wears out and new 
technology had been developed. So in 
1997, Reclamation embarked on a project 
to replace the old Ensign valves with 
a new technology, clamshell gates.

These clamshell gates were designed 
specifically for the project in Reclamation’s 
Hydraulics Laboratory in Denver. The 
height of the clamshell gates will permit 
future maintenance and inspection of 
the dam while the reservoir is full. 
Consequently, the technology enhances 
the operation while benefiting the 
fish population in the reservoir.

Other Reclamation improvement projects 
include placing filters in embankment 
dams to prevent internal movement of 
soil particles, installing drainage features 
to better manage seepage in dams, 

and making foundation improvements 
to enable dams to resist large seismic 
events that were not well understood 
when the dams were constructed.

Dam Safety Legislation
A significant piece of legislation that 
has helped Reclamation’s work is the 
Safety of Dams reauthorization that 
Congress passed in December 2004. 
This bill has three key features:

1. It increases the appropriation ceiling 
to allow this program to continue 
completing important Safety of 
Dams risk reduction projects over 
the next ten years as we identify 
them, instead of having to seek 
individual project authorizations.

2. It increases the threshold for 
small projects that do not require 
Congressional notifications.

3. It strengthens the role of the project 
beneficiaries, the water districts, as the 
safety modifications are being designed.

In short, this legislation provides 
Reclamation with the authority to fast-
track actions to ensure the structural 
integrity of its dams. It is a continuation 
of the legislation that enabled Reclamation 
to make substantial safety improvements 
to Theodore Roosevelt, Stewart 
Mountain, Bartlett, and Horseshoe 
dams on the Salt and Verde rivers.

The common thread in the work we have 
before us is cooperation. Cooperative 
work is the future of water management, 
whether we are talking about new 
projects or maintaining existing ones. 

The idea of cooperative projects is here 
to stay; it has to be. Neither the federal 
government nor the localities can go 
it alone. The enthusiastic and effective 
cooperation Reclamation has had with its 
stakeholders and customers gives all of 
us a solid basis for optimism about the 
future of water management in the West.

Visit www.usbr.gov and www.doi.gov/water2025/.
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The United States water and 
wastewater industry has 
billions of dollars of deferred 

maintenance. The major reason for 
this is insufficient investment in the 
maintenance of existing infrastructure 
stemming from a lack of comprehensive 
planning and inadequate funding. 

Proactively planning for infrastructure 
funding provides the opportunity for a 
utility to consider all viable options. It also 
provides the opportunity for transition in 
both capital infrastructure planning and 
in financing and rates. The following are 
some key areas that utilities must focus on.

Adopt a Long-Term Capital 
Improvement Plan. Moving forward 
proactively begins with the development 

and adoption of a comprehensive plan or 
a long-term capital improvement plan. 
This provides a systematic framework for 
assessing capital infrastructure needs and 
a “road map” of needed investments (see 
next page). The capital improvement plan 
lists projects, costs, timing, and potential 
funding sources. More importantly, by 
creating and formally adopting such 
a plan, the utility will have begun the 

process of prioritizing needs, which can 
then be reviewed in the context of the 
utility’s financial planning/rate model. 

Establish Written Financial Policies. 
A written financial policy that addresses 
and sets target goals around issues such 
as minimum annual funding levels for 
rate-financed capital improvements, 
debt funding of capital infrastructure, 
minimum capital improvement reserve 
levels, and target debt service coverage 
ratios is a valuable management and 
policy tool that few utilities have. 
Developing such policies will provide the 
management team with clear direction 
on minimum annual funding levels. 
These become critical input to the 
financial planning/rate setting process. 

Conduct a Comprehensive Rate Study. 
Revenues are the primary funding source 
for capital infrastructure. A comprehensive 
rate study provides a rational financial 
framework for policy-maker decisions 
related to additional long-term borrowing 
and rate adjustments. A cash-basis 
revenue requirement analysis can be 
used to determine means to adequately 
fund both operation and maintenance 
expenses and capital infrastructure. 

Capital infrastructure is paid through a 
combination of long-term borrowing and 
rate-funded capital. The critical funding 
component within the cash-basis revenue 
requirement is cash-financed capital 
improvements. At a minimum, the utility 
should fund an amount greater than or 
equal to its annual depreciation expense. 

Develop a Transition Plan. The current 
underfunding of rates and huge backlog 
of projects did not happen overnight, nor 
can these problems be solved overnight. 
However, many utilities have water and 
wastewater rates that may be 20 to 50 
percent below adequate funding levels. 
When deferred maintenance of capital 
infrastructure is included, the picture is 
even worse. A financial/rate transition 
plan that adjusts rates over a three- to 
five-year period allows the utility to 
gradually phase in higher rates and 
meet the financial needs of the utility. 

Consider Customer Impacts and 
Affordability. The impact of any rate 
increase on low-income and fixed-
income customers is of concern. Utility 
management must work with policy-
makers to explore options to minimize 
impacts to this segment of the customer 
base. Concurrently, the utility should 
review affordability measures. One such 
measure uses 1.5 percent of median 
household income (MHI) to determine 
the affordability level for a utility. Annual 
bills greater than 1.5 percent of the MHI 
are considered unaffordable. Utilities with 
“unaffordable” rates may have access to 
sources of financing not normally available 
to utilities with “affordable” rates.

While there are no simple or easy solutions 
to the infrastructure funding dilemma, 
the time to start developing a prudent 
and rational financial/rate plan is now. 

Contact Tom Gould at 425-450-6200.

The Challenge of Utility Infrastructure Funding and Financing
Tom Gould – HDR Engineering

Funding Infrastr

Many utilities have 
water and wastewater 
rates that may be 20 
to 50 percent below 
adequate funding levels.
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It’s not too soon for water utilities to 
start thinking about the upcoming 
era of asset replacement. Planning 

must start now, looking at a thirty- to 
fifty-year horizon for infrastructure needs. 
Few utilities will know which specific 
assets are going to need replacement, or 
when. But the aggregate dollar amounts 
required over the long term are what 
matter most. Accurately predicting 
the future needs of a specific asset is 
not important as long as a reasonable 
estimate of the lives and costs of groups 
of assets, or asset classes, can be made.

Estimating Long-Term 
Reinvestment Needs
An asset class is a group of assets 
that are intuitively similar and have 
reasonably similar useful lives and interim 
reinvestment needs (“refurbishments”) 
and replacement costs. For example, 
consider the asset class of above-ground 
steel reservoirs. Engineers might estimate 
that such reservoirs have typical useful 
lives of about sixty years. Accountants say 
they cost about 58 cents per gallon. O&M 

and Engineering departments might judge 
that on average they need three types of 
refurbishment during their life cycle:
A: exterior painting every 7.5 years at 

5 percent of replacement cost;
B: interior painting and floor repair 

every 15 years at 15 percent 
of replacement cost; and

C: floor replacement at 30 years at 
15 percent of replacement cost.

Under this scenario, the long-term 
capital reinvestment pattern for a 
steel above-ground reservoir can 
be developed (see bar chart at left). 
After 60 years, the cycle repeats.

The reinvestment needs over the next 
75 years for a 2-million gallon reservoir 
installed in 2003 are shown in the  
table below.

By copying and pasting this simple 
spreadsheet, the analysis can be repeated for 
all steel reservoirs in the district, provided 
the installation year and capacity of each 
are known. By aggregating the expenditures 
yearly, the total capital costs likely to 
be incurred in the future for the entire 
collection of steel tanks can be estimated.

This approach can be repeated to estimate 
the future needs of all water infrastructure 
assets, class by class. Most utilities will 
have no more than 15 to 20 asset classes, 
and many assets have no, or at most 
one, expected refurbishment type during 
their life cycles. By totalling all yearly 
expenditures, a reasonable financial 
estimate of the long-term replacement 
and refurbishment (R&R) needs of 
the entire system can be obtained. 

Funding Long-Term  
Reinvestment Needs
Most utilities that plan for the long 
term have established R&R funds into 
which they deposit money, typically at 
a constant rate or a rate increasing with 

inflation. The amounts and patterns of 
accumulation are planned so the fund 
will serve all or most replacement needs 
over a specific time frame, often thirty 
to fifty years. The funding program is 
designed to simultaneously meet R&R 
needs, or a specified portion of those 
needs, for the planning period without 
causing serious or sudden rate increases 
or accumulating too much money during 
periods of relatively low R&R needs.

A 30-year R&R fund forecast (above) 
was presented to a utility’s management 
group, who then proposed to its board of 
directors that $8 million be transferred 
to the R&R fund annually, increasing at 
two percent each year. Upon reviewing 
the results of the R&R needs analysis, the 
board approved the funding as a matter of 
long-term financial policy. This utility’s 
infrastructure system is now assured for 
the next thirty years. Management intends 
to repeat its analysis every three to five 
years, however, to update the estimates and 
extend the period of assurance over time.

Most utilities already have the information 
they need to make a reasonable estimate 
of their water system’s future R&R 
needs. Using it, they can easily prepare 
a long-term funding plan to meet those 
needs, and gain their governing body’s 
approval. If these simple steps are 
taken, our water communities will have 
taken a giant step towards assuring the 
sustainability of the infrastructure.

Contact Ken Harlow at kharlow@brwncald.com or 
visit www.bcwaternews.com/AssetMgt/.

Water Infrastructure Planning Simplified
Ken Harlow – Brown and Caldwell
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Re-investment needs of a 2-million gallon above-
ground steel reservoir installed in 2003.

Year Work needed 
Cost
current
dollars 

Cost
escalated

at 3% 
2011 Refurbishment A 58,000 68,239 
2018 Refurbishments A and B 232,000 340,700 
2026 Refurbishment A 58,000 106,314 
2033 Refurbishments A, B, and C 406,000 928,899 
2041 Refurbishment A 58,000 165,634 
2048 Refurbishments A and B 232,000 826,968 
2056 Refurbishment A 58,000 258,052 
2063 Replacement 1,160,000 6,441,945 
2071 Refurbishment A 58,000 402,037 
2078 Refurbishments A and B 232,000 2,007,268 

$0

$5,000

$10,000

$15,000

$20,000

$25,000

$30,000

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

20
24

20
26

20
28

20
30

20
32

A 30-year R&R fund forecast ($ thousands)

March/April 2006 • Southwest Hydrology • 2�



In 1902, President Theodore Roosevelt 
signed the Reclamation Act, creating 
the U.S. Reclamation Service, now 

known as the Bureau of Reclamation. 
The goal of the act was to promote 
western settlement and growth through 
the development of a system of water 
storage and irrigation. On March 14, 
1903, the Salt River Project (SRP) was 
authorized by the Secretary of the Interior. 
Roosevelt Dam, located at the confluence 
of the Salt River and Tonto Creek, was 
constructed between 1903 and 1911. 
With Roosevelt Dam and Reservoir as its 
cornerstone water conservation storage 
facility, SRP is arguably the nation’s 
oldest and most successful Reclamation 
project. Because the dam provided a 
much more reliable water supply, the 
early agricultural economy of the Valley 
of the Sun flourished and eventually 
matured into the bustling metropolis of 
the greater Phoenix area we know today.

The 1976 failure of Reclamation’s Teton 
Dam in Idaho prompted a thorough 
review of all federal dams. Because 
of improved hydrologic simulation 
techniques, Roosevelt Dam was deemed 
unsafe through overtopping when routing 
the Probable Maximum Flood (PMF), 

now estimated at 654,000 cubic feet per 
second (cfs), with volume exceeding 
3 million acre-feet. Originally designed 
with an Inflow Design Flood of less than 
250,000 cfs (Davis, 1903), the existing 
dam’s design was simply overwhelmed 
by the increased flow rate and volume of 
the new hydrology. Passage of the 1978 
Reclamation Safety of Dams Act ensured 
remediation of suspected deficiencies. 
Thus in 1984, the Secretary of the Interior 
approved the modification to Roosevelt 
Dam to meet safety requirements and 
enhance flood control capabilities. 

The 1968 Colorado 
Basin Project Act, which 
authorized the Central 
Arizona Project (CAP), 
also provided for extensive 
flood control protection to 
the Phoenix metropolitan 
area and downstream 
communities. To this end, 
construction of Orme 
Dam at the confluence 
of the Salt and Verde 
rivers was proposed, but 
subsequently rejected 
due to public opposition. 
Instead, Roosevelt Dam 

would be raised to provide greater flood 
control on the Salt River, a solution 
that would offer many of the benefits 
of Orme Dam and address Roosevelt’s 
deficiencies. As a result, in 1989, after 
nearly 80 years of service, modifications 
to Roosevelt Dam were initiated.

Dam Improvements
Major features of the dam modifications 
included raising the top of the existing 
dam from elevation 2,141 feet to 2,218 
feet, constructing a top-seal radial 
gated spillway on each abutment, and 

Upgrading an  
Aging Roosevelt Dam

Charlie Ester – SRP Water Resource Operations

Roosevelt Dam, prior to upgrades and showing original block construction (left; photo from SRP) and after upgrades (right; photo by Vitaly Shmatikov).

2,218

2,175

2,151

2,136

1,989

1,902

ELEVATION ft.

Salt River Project
Conservation Storage

1,329,662 AF

Dead Storage Capacity

Total Capacity

18,652 AF

Safety of Dams
1,223,169 AF
Flood Control

556,196 AF
New Conservation Space

304,729 AF

3,432,408 AF

Schematic cross-section of Roosevelt Dam, showing upgrades.
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constructing a lake-tap river outlet 
works/power penstock through the left 
abutment. The dam modification was 
designed as a single-curvature, uniform-
thickness mass concrete arch dam. The 
upstream face of the modified dam is a 
vertical, aligned projection of the existing 
dam. Both dam designs feature a central 
arch with tangent sections on both sides 
leading to thrust blocks on the abutments. 
The existing spillway structures were 
removed from both abutments and 
replaced by the thrust blocks, which 
provide abutments above elevation 
2,100 feet and contain the spillways.

The new spillways and expanded reservoir 
storage will help to regulate flood releases. 
The existing topography and conditions 
led to the design of the new spillway 
structures in the same general vicinity as 
the existing spillways. To dissipate the 
energy of the spillways, which flip the 
discharge into the downstream canyon, a 
plunge pool was constructed. The spillway 
alignments cause the discharge to impinge 
at or above the tailwater within the plunge 
pool, allowing some of the energy of the 
discharge jets to dissipate, and adding a 
downstream component to the discharge.

The new river outlet works were designed 
to be used for reservoir evacuation, flood 
releases, and normal releases. This feature 
was constructed under approximately 130 
feet of water. It consists of a trashrack 
structure, a 16-foot diameter shaft, a 
16-foot diameter steel-lined tunnel, 
and a 22-foot diameter wet-well gate 
shaft which houses a fixed-wheel gate 
used for emergency closure. The tunnel 
bifurcates into two 10-foot 9-inch steel-
lined tunnels, with one serving the power 
plant and the other the river outlet works.

The top of the dam was raised 77 feet, 
more than doubling its storage capacity. 
However, only 15 feet (304,729 acre-feet, 
starting the old top of conservation storage 
at elevation 2,136 feet) will actually be 
used for long-term water conservation 
storage. This additional storage belongs 
to six valley cities who agreed to pay for 
the incremental cost of this feature of the 
dam: Phoenix, Mesa, Scottsdale, Tempe, 
Glendale, and Chandler. The remaining 

67 feet is reserved for great flood events. 
The space between elevation 2,151 feet 
(the top of active conservation space) and 
2,175 feet (the projected reservoir level for 
a 200-year flood event) is exclusively for 
flood control, with a capacity of roughly 
556,000 acre-feet. The remaining 43 feet 
of capacity (more than 1.2 million acre-
feet) is reserved for safely managing the 
PMF without exceeding a total release 
from the dam of 150,000 cfs. At the end 
of the PMF event, Roosevelt Dam would 
be brim full at elevation 2,218 feet.

More Power for Less Water
The modifications also necessitated 
work on the dam’s power plant. Higher 
operating heads meant that less water 
could generate the same amount of 
energy from the hydrogenerator. The 
effort focused on replacing the existing 
turbine with a more efficient one, such 
that the 36-megawatt plant can now 
produce the same amount of power as 
before with 2,200 cfs instead of 2,400 
cfs. The plant was not expanded further 
because Roosevelt is operated as a run-
of-river plant, with downstream water 
orders in the Valley determining how 
much power can be generated at the site.

The total cost of modifications to 
Roosevelt Dam was approximately 
$430 million. SRP is responsible for the 
congressionally mandated 15 percent of the 
Safety of Dams costs 
(roughly $22 million) 
as well as the upgrade 
to the generation 
unit. Besides the 
cities that paid for 
additional storage, 
other contributors 
include the Flood 
Control District of 
Maricopa County, 
the Central Arizona 
Water Conservation 
District (managing 
agency for deliveries 
of CAP water), the 
Arizona Department 
of Transportation, 
and the federal 
government.

Shared Costs = Shared Benefits
Several factors played into the decision 
to move Roosevelt’s modification ahead 
of other dams needing remediation. 
First, the work required was extensive 
and substantial. Clearly it would take a 
long time and be costly. Additionally, 
Arizona had been in a wet climate cycle 
for nearly two decades and many of 
Arizona’s local and national leaders 
were demanding attention to the state’s 
recurring flooding problems. At the same 
time, the CAP was being built, which 
gave Reclamation a strong presence in 
Arizona already, and the two projects 
had been intertwined by congressional 
mandates. Finally, and perhaps foremost, 
SRP, valley cities, the Flood Control 
District of Maricopa County, and the 
CAP were all willing to pay their share 
of the benefits of the project, and to 
do so upfront. Reclamation was able 
to expedite the work at Roosevelt by 
showing its leadership and Congress that 
local interests were vested in the timely 
completion of the Roosevelt Dam Project. 
The modifications to Roosevelt were 
deemed complete on April 12, 1996.

Contact Charlie Ester at ceester@srpnet.com.

Reference
Davis, A.P., 1903. Water storage on Salt River, 

Arizona, USGS Water Supply and Irrigation 
Paper, 73, Washington: GPO.

Historical picture of the original dam construction.  (Source: SRP)
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R & D
Tamarisk Invasion Reconsidered
Nearly 250 researchers at the 2005 
Tamarisk Symposium in Grand Junction, 
Colorado, discussed issues related to 
tamarisk and riparian health in western 
North America last fall. The biennial 
meeting, sponsored by the Tamarisk 
Coalition and Colorado State University 
Cooperative Extension, covered research, 
control projects, restoration, mapping 
and funding, legislation and planning, 
economics, and biological control of 
tamarisks. Tamarisk, also called salt cedar, 
has the reputation of being an invasive 
species that crowds out native vegetation 
and consumes large amounts of water. 
Consequently, several state and federal 
programs have been enacted to eradicate it. 
However, some scientists view its invasion 
as a response to altered riparian conditions 
and say that simply removing the trees 
will not change the underlying problems.

Pat Shafroth, a plant ecologist at the 
U.S. Geological Survey presented 
two viewpoints of tamarisk invasion. 
Arguments for tamarisk as the cause 
of problems are that it replaces native 
vegetation and consumes greater amounts 
of water, provides poor wildlife habitat, 
increases soil salinity, promotes wildfires, 
clogs river channels, and if eradicated is 
naturally replaced by native vegetation. 
Alternatively, those who view tamarisk as 
an effect or response to river regulation 
argue that altered site conditions resulting 
from flow regulation give tamarisk 
a competitive advantage over native 
vegetation; tamarisk does provide good 
habitat for many kinds of wildlife and 
does not consume more water than native 
vegetation; restoring native vegetation 
following tamarisk control is costly and 
difficult; and increased soil salinity, 
greater occurrence of fires, and vegetation-
clogged channels are the result of a lack of 
natural flood events, not tamarisk invasion. 

Shafroth said that if tamarisks’ relative 
contribution to the degradation effects 
observed in a riparian ecosystem are 
not accurately interpreted, unattainable 

expectations of the benefits of tamarisk 
control are a likely result. Successful 
and sustainable riparian restoration has 
been achieved when 1) the true causes of 
ecological degradation were identified, 
including changed conditions that have 
allowed tamarisk to thrive, and 2) likely 
changes that might allow species other 
than tamarisk to prosper were understood. 
Further, he said, complete eradication of 
tamarisk is unrealistic in most areas.

Joe Lewis, an economist with the U.S. 
Forest Service, noted that preliminary 
results from researchers at the University 
of California in Santa Cruz suggested 
no appreciable difference in the amount 
of evapotranspiration between tamarisk 
and native vegetation in lowland 
riparian areas, given similar conditions, 
but that tamarisk ET may exceed that 
of native vegetation by at least 30 
percent in upland terrace areas.

PowerPoint presentations from the meeting are 
available at www.coopext.colostate.edu/TRA/
Tamarisk2005Presentations.html.

Microbial Risks to Water 
Studied at UA “Water Village”
In October, the U.S. Department 
of Homeland Security and the U.S. 
Environmental Protection Agency 
announced the establishment of a jointly 
funded research center based at Michigan 
State University to study microbial risk 
assessment in support of homeland 
security objectives. A grant of $10 million 
for five years was awarded to establish 
the Center for Advancing Microbial Risk 
Assessment (CAMRA), which consists 
of a consortium of schools including 
the University of Arizona (UA). While 
the center will study microbial risk 
assessment through the environment 
in general, the UA contribution will 
focus specifically on risks to drinking 
water and water distribution systems.

To address the issue, UA researchers 
are creating a “Water Village,” a four-
house laboratory for testing technologies 
for monitoring the health, safety, and 

aesthetics of water supplies, reported 
UANews.org. The houses are being 
outfitted with plumbing, monitoring, and 
communication equipment. According 
to the report, the first house will be 
used for point-of-entry testing of water 
entering a building. The second house 
will be used to study how contaminants 
enter and travel through a water 
supply. The third will be used to test 
aesthetics—taste and odor—and the 
fourth will be used for public education. 

Charles Gerba, professor of soil, water, 
and environmental science at the UA 
and one of three principal investigators 
on the grant, told UANews.org that the 
Water Village offers research options not 
possible in either a standard laboratory 
or an outside community. “The hardest 
question,” he said, “is knowing where 
to look. The second question is, how 
do we clean it up? The third is, how 
clean is clean?” The new facility will 
enable the researchers to introduce 
contaminants into a water system and 
monitor their fate and transport, and 
how they respond to remediation. 

Visit cals.arizona.edu, uanews.org, and es.epa.gov/
ncer/rfa/2004/2004_microbial_risk.html.

District Receives Water 
Treatment Patent
The Contra Costa Water District (CCWD), 
located just south of the Sacramento-San 
Joaquin Delta in northern California, 
was awarded a patent last fall for a new 
approach to water treatment that uses 
chlorine dioxide in combination with 
ozone for disinfecting water. The new 
method significantly inhibits the formation 
of bromate, a regulated disinfection 
byproduct (DBP); it also reduces the total 
ozone dose needed for treatment, and 
slightly reduces the energy consumption of 
the treatment plant.

Bromate formation is a concern to water 
utilities that draw water from the delta, 
which contains naturally occurring 
bromide. When ozone, considered a very 

32 • March/April 2006 • Southwest Hydrology



effective disinfectant, is used to treat 
water, it oxidizes bromide to bromate. As 
23 million Californians, including CCWD 
customers, receive drinking water from the 
delta, bromide management is of concern. 
Furthermore, control of DBPs in drinking 
water is becoming ever more critical: 
regulatory requirements demand higher 
levels of disinfection to control disease-
causing microbes, but at the same time 
the rules mandate lower levels of DBPs. 

CCWD, which currently uses ozone 
as a primary disinfectant to treat delta 
water at its Bollman Water Treatment 
Plant, led a cooperative research study 
with funding from the American Water 
Works Association Research Foundation 
(AwwaRF) and the California Energy 
Commission (CEC) to find new ways 
to disinfect drinking water while 
minimizing production of bromate.  

CCWD cooperated in the patent effort 
with AwwaRF, CEC, and Black and 
Veatch to ensure that the potentially 
significant discovery would remain in 
the public domain and be available to 
all water utilities at no royalty costs.

Visit www.ccwater.com.

Sandia Opens Binational 
Sustainability Laboratory
from Sandia National Laboratories

In December, after four years of 
preparation, Sandia National Laboratories 
(SNL) opened the BiNational 
Sustainability Laboratory (BNSL) in Santa 
Teresa, New Mexico, near El Paso and 
the Mexican border. Financially supported 
by the United States, Mexico, and New 
Mexico, which collectively contributed 
$900,000 in initial funding, the general 
purpose of the lab is to establish a string 
of satellite research centers along the 
U.S.-Mexican border region from the Gulf 
Coast to the Pacific, helping to transform 
the region from a political trouble spot to a 
region of concentrated technology transfer 
sites benefiting both sides of the border. 

Success would be defined by the number 
of research ideas its personnel could 
transform into functioning, profit-
making companies, while ideally creating 
better-paying jobs on both sides of 
the border. Besides a possible project 
dealing with border security issues, 
projects of current interest include 
environmental and water technologies, 
advanced materials for petroleum 
processing, and microelectromechanical 
systems. Ten states on both sides of the 
border have expressed interest in taking 
part in the project, as have U.S. and 
Mexican national laboratories, research 
universities and centers, and businesses. 

The BNSL was envisioned initially 
as occupying a single building where 
Mexican and U.S. researchers would 
work on resolving problems that have 
potential for causing enmity between the 
countries. Solutions might include better 
border-crossing sensors and arrangements, 
more efficient use of water, and research 
into areas of joint interest such as crop 
development in arid regions. But the 
vision evolved into a main lab in Santa 
Teresa, with subsidiary research centers 
that the BNSL would help fund, according 
to SNL Vice President Gerry Yonas. The 
smaller centers would provide training and 
cross-border legal and patent expertise, 
as well as some laboratory space, and 
bring together researchers in government, 
academia, and private industry to create 
marketable goods that will bring to life 
and make more secure the somewhat 
desolate border region. BNSL expects to 
provide business planning, mentoring, 
incubation, marketing techniques, and 
aid in transforming ideas into products.

Yonas, who described himself as “a card-
carrying physicist and dreamer,” compared 
the BNSL’s task to that of sherpas who 
repeatedly accompany tourist mountain 
climbers to the top of Mt. Everest without 
personal recognition. “The BNSL’s 
activities will require steady, careful, 
sherpa mountain climbing,” he said.

Visit www.sandia.gov.

Innovative Technologies  
Funded in New Mexico
Arsenic removal by capacitive deionization 
and a soil moisture-driven irrigation 
system are two of nine innovative water 
technology projects that recently received 
funding from New Mexico Gov. Bill 
Richardon’s Water Innovation Fund II. The 
$3.2 million awarded in September will go 
toward supporting high-tech pilot projects 
that are expected to save New Mexico 
billions of gallons of water a year and 
serve communities statewide, according 
to a release from the governor’s office, to 
help address the state’s current and future 
water shortages. 

This is the second round of funding by the 
program, with the $3.2 million augmenting 
$10 million awarded last year to 25 other 
water innovation projects now underway 
across the state. The new recipients 
include public, private, and tribal entities; 
they will be required to produce results 
in six to 18 months. The winning projects 
were judged to have concepts based on 
good science and economics, and to 
be ready for testing and deployment. 

The nine new projects are in the general 
categories of water recycling, water 
production, water conservation, and 
communities in crisis. Three are for 
wastewater treatment, two address 
arsenic removal, two use remote sensing 
in agricultural applications, and two 
apply new technologies in irrigation.

The New Mexico Department of 
Finance Capital Outlay Unit oversees 
the Water Innovation Fund projects and 
draws technical expertise from the State 
Engineer’s Office and the New Mexico 
Environment Department. A technical 
team from those agencies chose the 
latest projects based on their abilities 
to conserve or deliver useable water 
through innovative technologies that 
can eventually be applied statewide. 

Visit www.governor.state.nm.us.
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Business Directory

Employment Opportunities
Miller Brooks Environmental, Inc.	has	the	following	openings	in	our	Phoenix,	Arizona	
office	for	work	in	Arizona	and	Clark	County,	Nevada.		Most	importantly,	we	are	looking	for	
energetic	people	with	a	great	work	ethic	and	attitude!		In	return,	we	offer	a	challenging	and	
rewarding	work	atmosphere	with	a	competitive	compensation	and	benefits	package.		Please	
email	resume	and	cover	letter	to	waseemkhan@millerbrooksenv.com.

Environmental Technician	Environmental	Technician	with	experience	in	soil	and	
groundwater	sampling,	remedial	system	O&M,	remedial	construction	and	other	related	duties.		
Three	to	four	years	of	environmental	industry	experience	is	preferred.		Willing	to	travel	in	Arizona	
and	Nevada.		State	of	Arizona	water	and	wastewater	treatment	certifications	a	plus.	

AutoCAD/Graphics Illustrator Graphics	illustrator	experienced	in	generating	AutoCAD,	Corel	
Draw	and	other	similar	graphics	drawings.		Experience	in	environmental	and/or	water	resources	
industry	is	very	important.		Experience	with	GIS	applications	is	a	plus.		

Staff/Senior Staff/Project Geologist/Hydrogeolosist	Current	openings	include	entry	to	
mid-level	experienced	individuals	with	experience	in	WQARF,	LUST,	RCRA,	RI/FS	and	soil	and	
groundwater	investigations	and	remediation	projects.		A	strong	background	in	site	assessments	
and	remedial	feasibility	testing	is	a	plus.		Additional	experience	relating	to	water	resource	
work	including	but	not	limited	to	new	system	permitting	and	CCN	applications	is	an	added	
bonus.		Applicants	must	have	a	minimum	of	a	BS	in	geology/hydrogeology,	2	-	5	years	direct	
technical	experience,	at	least	2	years	with	an	Arizona	consulting	firm.		An	Arizona	GIT	or	other	
registrations	are	a	plus.

Employment Opportunities
Hydrogeologist	-	Malcolm	Pirnie,	a	leading	environmental	consulting	firm,	has	an	entry	
level	hydrogeologist	opening	in	Phoenix.		We	also	have	other	opportunities	open	at	various	
experience	levels	across	the	country.		To	apply	visit	www.pirnie.com.

Looking for Good Employees?
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john j ward, rg 
groundwater consultant 

- water supply          - water rights 
- peer review           - litigation support 
- expert witness         - due diligence 

Tucson AZ

phone:   (520) 296-8627
cell:        (520) 490-2435

email:  ward_groundwater@cox.net
web:   www.wardgroundwater.com

2006 Spring Specialty Conference:  
GIS and Water Resources IV

May 8-10, 2006 • Houston, TX 
http://www.awra.org/meetings/Houston2006/

Southwest Hydrology readers are among the best, and advertising 
is free or low cost. Employment Opportunity announcements of 70 
words or less are FREE! $70/70 words after that. mail@swhydro.com



ACWA Recognizes Districts’ 
Environmental Efforts
from the Association of California  
Water Agencies

In December, the Association of 
California Water Agencies (ACWA) 
presented its 2005 Theodore Roosevelt 
Environmental Awards for Excellence 
in Natural Resources Management. 
The awards were presented at ACWA’s 
annual fall conference in San Diego. 

The Roosevelt awards are given in 
three categories to recognize water 
agencies for programs that protect natural 
resources while meeting public needs. 

In the category of projects costing 
$100,000 or less, Cucamonga Valley 
Water District won top honors for its 
Kids Environmental Festival. Held for the 
first time in May 2004, the festival uses 
interactive games, activities, and programs 
to show students that they, too, can play 
a role in conserving natural resources. 

Contra Costa Water District captured 
the award in the $100,000 to $1 million 
category for its efforts to create 17 semi-
permanent wetland ponds to provide 
habitat for protected species such as 
the California red-legged frog and the 
tiger salamander. The project, designed 
to offset impacts of constructing Los 
Vaqueros Reservoir, also provided 
habitat for the San Joaquin kit fox. 

In the $1 million or more category, Santa 
Clara Valley Water District was honored 
for its Santa Clara Valley Resources 
Protection Collaborative. Initiated to 
better coordinate and clarify land-use 
and public works activities in the region, 
the program has improved resource 
management and reinforced the value 
of local agencies working together. 

ACWA is a statewide association 
whose 440 member agencies are 
responsible for about 90 percent of 
the water delivered in California. 

Visit www.acwa.com.

Arizona Hydrological Society 
Creates Charitable Foundation 
At its annual meeting last September, 
the Arizona Hydrological Society (AHS) 
voted to establish and sponsor a new 
charitable organization, the Arizona 
Hydrological Society Foundation (AHSF). 
Building on several years of volunteer 
work, the foundation was established 
as a separate Arizona corporation and 
is applying for 501(c)(3) status as a 
non-profit charitable organization.

AHS established the foundation to 
create an organization focused solely on 
charitable endeavors. A nine-member 
board of directors led by Howard 
Grahn, the foundation president, will 
oversee the fundraising, investment, and 
charitable activities of the group. As a 
501(c)(3), the foundation will provide 
maximum tax advantage to donors, and 
it is hoped that over time the foundation 
will become a major force in promoting 
hydrology education for all age groups.

The new organization was seeded by a 
$17,650 grant from AHS. The board was 
thrilled to receive an additional $25,000 
donation from board member Herman 
Bouwer, who generously shared his 
winnings from the 2005 Prince Sultan Bin 
AbdulAziz International Prize for Water. 
Bouwer asked only that his donation be 
“put to good use” by the foundation.

According to foundation bylaws, the new 
organization will “provide support for 
advancing the science, practice, and public 
understanding of hydrology and water 
resources in the semi-arid Southwest.” 
The new board met for the first time 
in January to discuss the foundation’s 
mission, goals, and immediate operational 
needs, and to chart a path toward assisting 
corporate partners in funding science 
and educating the next generation of 
scientists and the public about the unique 
aspects of arid and semi-arid hydrology.  

For more information, contact Howard Grahn at 
howard@gsanalysis.com. 

SOCIETY PAGEthe Southwest, ASCE’s statistics show 
wastewater infrastructure needs increasing 
in Arizona, California, and Texas, but 
decreasing slightly in New Mexico. 

Regional boards were generally more 
sanguine about wastewater infrastructure 
than the national group. The Texas regional 
panel assigned its state a grade of C- in 
this category, noting that the wastewater 
infrastructure is improving in most urban 
centers because of large investments. San 
Diego County assigned itself a B, while 
acknowledging that collection systems are 
in poor physical condition. Los Angeles 
County gave its wastewater system a B, 
citing the generally good condition of the 
area’s sewers, pump stations, and treatment 
plants. Orange County rated itself a C+ in 
this category, acknowledging stresses to the 
sewer pipeline collection system and noting 
that all treatment plants in the county are 
owned and managed by special districts.

Call for a Trust Fund
ASCE’s national panelists strongly 
advocated a significantly enhanced federal 
role and investment in improving the 
state-of-the-nation with respect to drinking 
water and wastewater, recommending that 
the government begin to reduce funding 
gaps by establishing a federal water 
infrastructure trust fund for construction 
and repair of water treatment plants. 
The report also stressed the need for the 
federal government to be flexible and 
innovative in the financing mechanisms 
it utilizes. Wealthier communities and 
those with greater economies of scale may 
be adequately served by loans and credit 
incentives, but many communities that face 
more economic challenges will need grants.

Additionally, ASCE supports a federal 
capital budget system that will ensure 
that both short-term and long-term 
drinking water and wastewater needs are 
addressed through an efficient process of 
planning, design, and construction. The 
report criticized the current budgetary 
process, which does not differentiate 
expenditures for current consumption 
from those for long-term investment.

View the full ASCE report card at www.asce.org/
reportcard/2005/index.cfm.

ASCE, continued from page 19
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Canadians Wary of 
Interest in Their Water
A Nov. 24 article titled “America is 
Thirsty” by Steve Maich in Maclean’s, 
a weekly Canadian news magazine, 
describes America’s growing need for 
water and Canada’s response to the idea 
of sharing—that is, selling—its own. 
With more than 20 percent of the world’s 
fresh water, Canada is the most water-
rich nation on Earth, according to Maich, 
yet it supports just half a percent of the 
world’s population. Nevertheless, Maich 
found that most Canadians are opposed to 
exporting their water, even to help “our 
biggest trading partner and most essential 
ally.” Informal suggestions by the United 
States to create international trade in water 
with Canada have been swiftly rebuffed.

It’s not only America that is thirsty. 
According to Maich, the United Nations has 
stated that the only way to alleviate chronic 
water shortages expected to affect two-

thirds of the world population by 2025 will 
be through water markets and trade, and 
by discouraging water waste. As shortages 
increase, the world is likely to focus 
attention on Canada’s water consumption 
rates, which are among the highest in the 
world and increasing, says Maich. Water is 
cheap and plentiful, conservation is not a 
concern, and waste is high. If the country 
continues to consume so freely and refrain 
from sharing, in Maich’s words, “Canada 
will look like the neighbour who leaves his 
sprinkler on all night while the rest of the 
street dies of thirst.” 

Maich cited a number of arguments he 
heard for Canada keeping its water within 
its borders: water is a human right and 
not a commodity to be sold to the highest 
bidder; other countries’ water issues are not 
Canada’s problem to solve; people should 
not live where there is not enough water to 
support them; many Canadians do not think 
Canada has any extra water to spare; and 
some fear that if Canada agreed to sell any 

of its water to the United States, the United 
States could, under NAFTA, demand 
unlimited access to it.

But others whom Maich spoke with pointed 
out that Canada uses water to irrigate crops, 
make steel, and refine oil, all of which are 
exported, along with bottled water itself, to 
the rest of the world. What’s the difference? 
Further, the NAFTA concern has been 
debunked by several legal opinions.

Maich believes Canada has much to gain 
by releasing some of its water, and possibly 
a lot to lose if it does not. Humanitarian 
and foreign relations issues aside, the 
economic opportunities for the country 
are huge. Maich cited a 2001 study by 
the Frontier Centre for Public Policy in 
Winnipeg that showed Manitoba could 
make about $4 billion per year by selling 
1.3 trillion gallons of water annually, 
roughly the amount that drains into Hudson 
Bay in only 17 hours, at the price charged 
for desalinated water in California.

AROUND THE GLOBE
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In Maich’s opinion, “They’re [the United 
States] already looking for ways to take our 
water. We should tone down the emotion 
and figure out how to sell it to them.”

Visit Maclean’s magazine at www.macleans.ca. 

Atlas Documents Changes 
in African Lakes
from the United Nations Environmental 
Programme

The United Nations Environmental 
Programme (UNEP) is producing a new 
atlas that documents dramatic changes 
that have occurred in African lakes over 
the past few decades. The Atlas of African 
Lakes compares and contrasts satellite 
images from as far back as the 1970s with 
recent images, illustrating the damaging 
environmental changes that are taking place.

Among the images shown are the rapid 
shrinking of Lake Songor in Ghana, partly 
as a result of intensive salt production; 

extraordinary 
changes in the 
Zambezi River 
system as a 
result of the 
building of the 
Cabora Basa 
Dam; and the 
near 90 percent 
shrinkage of 
Lake Chad. 

The atlas was 
unveiled at 
the opening 
of the 11th 
World Lake Conference in Nairobi, 
Kenya, last fall. UNEP Executive 
Director Klaus Toepfer said he hoped 
the striking lake images would unite 
the delegates at the meeting in efforts 
to conserve and restore the lakes.

The atlas is expected to be published in book form in 
2006. Meanwhile, images of many of the lakes may be 
viewed or downloaded from na.unep.net/AfricaLakes/.

New Ocean Forming in Ethiopia?
Researchers think a 37-mile long fissure 
in northeastern Ethiopia may be the 
beginning of a new ocean, the Associated 
Press reported. The fissure, located in the 
Afar Desert, first formed in September 
2005 following an earthquake, and 
had grown to 13 feet wide by the time 
researchers presented their findings at 
the annual American Geophysical Union 
meeting in San Francisco in December. 

A team of 18 Ethiopian, American, 
British, French, and Italian scientists are 
studying the fissure; they estimate it will 
take about a million years to fully form 
an ocean. In the process, the eastern 
portion of Ethiopia will likely tear off 
from the rest of Africa, with the ocean 
forming in the gap, said the AP report. 

Research team leader Dereje Ayalew of 
Addis Ababa University in Ethiopia told 
AP that “the crust under Afar is becoming 
like the crust found in the Red Sea…Once 
the crust is formed you will have water 
because it is a low area and the water 
will migrate from the Red Sea and the 
Gulf of Aden. It becomes a basin.” 

Researchers with the Ethiopian Afar 
Geophysical Lithospheric Experiment, 
have set up monitoring instruments to 
observe the progress of the split. At 
current rates, the Afar desert is moving 
off the continent of Africa at a rate of 
about 0.8 inches per year, said the AP.

Lake Chad in 2001 (right) covers just a fraction of its 1972 extent (left). 
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IN PRINT
California Groundwater 
Management
A slate of distinguished California 
geologists, hydrologists, attorneys, and 
policymakers has updated and expanded 
the original 1997 edition of California 
Groundwater Management to incorporate 
recent legal and regulatory changes 
and to make this second edition of 
the handbook more accessible overall 
through reorganization and increased 
use of graphics and sidebars. 

The book begins with an introduction to 
California groundwater management and 
the physical, geological, and hydrological 
settings of the state, followed by an 
overview of groundwater hydrology that 
is broad enough to be meaningful to 
anyone seeking a basic understanding of 
the subject. Subsequent chapters discuss 
groundwater quality, including natural 
and anthropogenic contaminants and 
their sources, and the means to protect 

groundwater quality. The information 
draws on examples from California, but has 
application beyond the state’s boundaries. 

The book also discusses 
in detail how to develop 
and implement a 
groundwater management 
plan, including setting up 
a schedule and budget, 
working with the public 
and agencies, outlining the 
plan, obtaining technical 
information, and finally 
implementing the plan. 
Any state that does not yet 
have its own groundwater 
management plan finalized 
would benefit greatly from this information. 

Later chapters provide a useful and clearly 
presented primer on California groundwater 
law and rights, and groundwater 
management institutions and mechanisms. 
The work concludes with an overview of 

tools and technologies available to study, 
evaluate, and manage groundwater. The 
list of tools is lengthy and discussions 

are necessarily cursory, 
but ample sources for 
additional information 
are provided. 

The target audience of 
California Groundwater 
Management is broad: 
the publisher’s website 
states that the book is 
“a valuable resource 
for groundwater 
scientists, engineers, 
attorneys, regulators, 
administrators, and 

laypeople alike.” Addressing such a diverse 
group is a challenge, but the generous use 
of sidebars and references—that explain 
complex issues, summarize important 
points, and offer sources of more detailed 
information—greatly enhance the utility 
of the book. The main text is written at 
a fairly basic level of understanding, and 
while some scientists might think the 
hydrology is oversimplified, they may 
well appreciate the clear, simple treatment 
that California water law is given, just as 
policy and legal experts may appreciate 
the hydrology primer. With this approach, 
all the parties that need to come together 
to create sound management policy might 
finally be able to understand each other.

California Groundwater Management is 
well-written and well-organized. While it 
may not succeed in being all things to all 
people, the book certainly offers abundant 
information that will be useful to many. 

Order California Groundwater Management, 
published in 2005 by the Groundwater Resources 
Association of California, at  
www.grac.org/book.asp. The cost is $75 for GRAC 
members and $90 for nonmembers.

Rescuing Water Markets: Lessons 
from Owens Valley
The Property and Environment Research 
Center (PERC) in Bozeman, Montana 
published this report a year ago as part 
of the PERC Policy Series on markets 
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The 2006 Ground Water Summit will allow a means for scientists and engineers to
exchange technical information and new science developments, as well as discuss policy
and regulatory issues pertaining to ground water. In addition to sessions, there will be
field trips, poster presentations, distinguished lecturers, Darcy forum, student mentoring
program, and so much more. So save the date and plan to attend the second annual
Summit next spring.

For more information, call customer service at 800 551.7379 or visit the Summit
page on www.ngwa.org.

Address/ 601 Dempsey Road, Westerville, Ohio 43081-8978 U.S.A. 
Phone/ 800 551.7379  Fax/ 614 898.7786  Web site/ www.ngwa.org

April 23-26, 2006 • San Antonio, Texas



and environmental issues. In the early 
twentieth century, Los Angeles purchased 
water rights by buying up farmland in 
eastern California’s Owens Valley and 
conveying the water to Los Angeles. These 
purchases created a legacy of distrust and 
suspicion, as people over time began to 
view the trades as theft. Memorialized in 
the 1974 film, “Chinatown,” the image 
of the Owens Valley trades has cast a 
shadow on water trading ever since—even 
when the goal of trades is environmental 
protection. In this report, Gary Libecap 
revisits the Los Angeles-Owens Valley 
transfers and suggests that the actual events 
have become distorted in the retelling. But 
he also reveals the genuine problems that 
surrounded the negotiations and applies 
the lessons learned to water trades today. 

The 32-page report, published in 2005, is available 
under the policy series of the PERC publication 
library at www.perc.org. 

Groundwater Sampling and 
Monitoring with Direct Push 
Technologies
This EPA guidance document focuses on 
direct push technology (DPT) groundwater 
sampling issues. It addresses two sampling 
methods: point-in-time and grab sampling. 
The cost-saving potential of DPT 
groundwater sampling technologies coupled 
with a rapid method of analysis provides 
new defensible opportunities for making 
site decisions and an efficient project 
management tool for on-site activities. 

This guidance summarizes DPT 
groundwater sampling methods, 
the relevant data quality objectives, 
recommended methods for collecting 
representative groundwater samples, and 
recommended methods for minimizing 
the potential for cross-contamination. It is 
intended for environmental professionals 
who have basic scientific understanding of 
groundwater sampling and DPT equipment 
and should be used with existing resources 
and initiatives that support the adoption 
of a dynamic field activity approach. 

The 78-page report, EPA 540-R-04-005, is available 
at www.epa.gov/superfund/programs/dfa/dirtech.htm.

Handbook for Developing 
Watershed Plans to Restore and 
Protect Our Waters
EPA’s Office of Water published this 
guide to watershed management to help 
organizations develop and implement 
watershed plans. Its target audiences are 
communities; watershed groups; and local, 
state, tribal, and federal environmental 

agencies. The guidebook takes the reader 
through each step of the watershed planning 
process: watershed monitoring and 
assessment, community outreach, selection 
and application of available models, best 
management practices, effectiveness 
data bases, implementation, feedback, 
and plan adjustment. It is intended to 
supplement existing watershed planning 

continued on next page 
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IN PRINT (continued)
guides that have been developed by 
agencies, universities, and other nonprofit 
organizations by providing more specific 
information about quantifying existing 
pollutant loads, developing estimates of 
the load reductions required to meet water-
quality standards, developing effective 
management measures, and tracking 
progress once the plan is implemented. 

The 414-page document, EPA 841-B-05-005, is 
available at www.epa.gov/owow/nps/watershed_
handbook/. 

Perchlorate: Overview of Issues, 
Status, and Remedial Options
Published by the Interstate Technology and 
Regulatory Council, this document provides 
basic information regarding perchlorate and 
perchlorate contamination. Commercially 
available remediation technologies fall 
into two broad categories: ion exchange 
and biological processes. Most of 
these technologies have been applied 
to groundwater remediation; however, 
biological processes are also being applied 
to soil remediation. This document provides 
an overview of the commercially available 
technologies and emerging technologies. 

The 152-page report, PERC-1, is available at  
www.itrcweb.org/Documents/PERC-1.pdf. 

Collecting and Interpreting  
Soil Gas Samples from the  
Vadose Zone
This publication of the American Petroleum 
Institute discusses soil gas transport with 
emphasis on petroleum hydrocarbon 
vapors, and the expected soil gas profiles 
based on empirical analysis of existing data; 
the conceptual vapor-migration model; 
sampling locations, depths, and sampling 
frequency; monitoring installations and 
sample collection procedures; methods 
of soil gas analysis; and interpretation of 
soil gas data. Appendices include a site 
information checklist, worksheets for 
planning sampling locations, supporting 
information on analytical methods, and 
tools for data evaluation. 

The 106-page report, API 4741, is available at  
www.api.org/groundwater. 
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SOFTWARE REVIEW
Watershed Analysis Risk 
Management Framework 
(WARMF)
John E. McCray, Ph.D. – Colorado School  
of Mines

The Watershed Analysis Risk Management 
Framework (WARMF), developed 
by Systech Engineering Inc., is a 
distributed-parameter numerical model 
used to simulate watershed hydrology 
and pollutant transport, and to develop 
total maximum daily loads (TMDLs). 
The model output provides information 
on water quality of streams, tributaries, 
and lakes, given many non-point and 
point sources of pollution. WARMF 
rigorously simulates hydrology, including 
precipitation, evapotranspiration, 
infiltration, runoff, streamflow and 
routing, lake mixing and stratification, 
and groundwater flow. Pollutant transport 
applications have included: acid mine 
drainage, inputs from septic systems, 
bacterial pollution, dissolved oxygen, 
mercury loading and transport, sediment 
transport, periphyton in rivers, and algae 
in stratified reservoirs. WARMF includes 
software that helps stakeholders develop 
and evaluate water-quality management 
alternatives for a river basin. It guides 
users through a series of steps that help 
them understand their watershed and 
the relative impacts of various pollutant 
sources. The goal is to assist regulators and 
stakeholders in making informed decisions. 

Some important advantages of WARMF 
are its ability to simulate nonagricultural 
problems and its physically based 
formulation. For example, its algorithms 
track the mass balance and geochemistry 
of constituents through soil layers rather 
than using specified soil concentrations, 
and it uses a dynamic water balance 
based on physical processes rather than 
empirical methods. The WARMF graphical 
user interface is more user-friendly than 
most watershed models with a similarly 
comprehensive formulation. Once set 
up, WARMF is a stand-alone tool that 
is easily distributed to stakeholders who 
may not have access to GIS software. 

WARMF has a few weaknesses. It does 
not model deep groundwater aquifers 
or groundwater quality. In the TMDL 
module, if point source load reductions 
are desired, the algorithm will reduce 
all upstream sources by the same 
percent. The allocation of the individual 
point source reductions is then left to 
be determined by the stakeholders. 

WARMF may be downloaded from 
the EPA Ecosystem Research Division 
TMDL Modeling Toolbox at no cost 
at www.epa.gov/athens/wwqtsc/html/
warmf.html. WARMF has its own 
GIS system, but is compatible with 
EPA BASINS 3.1 and ArcGIS files. A 
WARMF user can use either of those 
programs to extract data (meteorology, 
land use, stream discharge, water 
quality, etc.), delineate watersheds, and 
generate necessary GIS files for input 
to WRAMF, and then proceed with 
model calibration and simulation.

Excellent                   Poor Rating System:

International Ground Water Modeling Center

Department of Geology and Geological Engineering

Review of WARMF

Application 
Watershed	Water	Quality	
and	Hydrology	

Best Features
TMDL	Tool

Worst Feature
Groundwater	simulation

Ease of Use:  
GUI: 

Output/Plotting: 
Documentation: 

Speed:
OVERALL RATING: 
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T H E  C A L E N D A R

MARCH	2006   

APRIL	2006

MAY	2006

 March  2- 3  National Ground Water Association. Estimating Times of Remediation Associated with Monitored Natural Attenuation and 
Contaminant Source Removal (short course). Denver, CO.  www.ngwa.org/pdf/e/course/157mar06.pdf

 March  6- 7  CLE International. Colorado Water Law: Water Supply Strategies and Beyond. Denver, CO.  www.cle.com/upcoming/PDFs/COLWAT06.pdf

 March  6- 8  National Ground Water Association. Environmental Geochemistry of Metals: Investigation and Remediation (short course). Denver, CO.  
www.ngwa.org/pdf/e/course/576mar06.pdf

 March  7- 8  Espanola Basin Technical Advisory Group. �th Annual Espanola Basin Workshop. Santa Fe, NM.  esp.cr.usgs.gov/ebtag/upcoming.html

 March  8-10  Groundwater Resource Association of California. UC Davis Principles of Groundwater Modeling (short course). Irvine, CA.  www.grac.org/

 March  9-11  Xeriscape Council of New Mexico. 11th Xeriscape Conference & Expo. Albuquerque, NM.  www.xeriscapenm.com/xeriscape_conferences.php

 March 13-15  National Ground Water Association. �th International Conference on Pharmaceuticals and Endocrine Disrupting Chemicals in Water. 
Costa Mesa, CA.  www.ngwa.org/e/conf/0603135013.cfm

 March 13-16  Association for Environmental Health and Sciences. 1�th Annual AEHS Meeting & West Coast Conference on Soils, Sediments, and 
Water. San Diego, CA.  www.aehs.com/conferences/westcoast/paper.htm

 March 13-16  University of Arizona Department of Hydrology and Water Resources. Applied Stochastic Subsurface Hydrology (short course).  
Tucson, AZ.  tian.hwr.arizona.edu/yeh/

 March 13-17  Princeton Groundwater Inc. Remediation Course. Denver, CO.  www.princeton-groundwater.com/remediation-course.htm

 March 14-16  Midwest Geosciences Group. Improving Hydrogeologic Analysis of Fractured Bedrock Systems (short course). Las Vegas, NV.   
www.midwestgeo.com/unlv2006.htm

 March 16-18  American Water Works Association. International Symposium on Waterborne Pathogens. Atlanta, GA.   
www.awwa.org/conferences/pathogens/call/

 March 16-22  World Water Council. �th World Water Forum: Local Actions for a Global Challenge. Mexico City, Mexico.  www.worldwaterforum4.org.mx/

 March 29  Groundwater Resources Association of California. GRA Annual Symposium and Lobby Day. Sacramento, CA.  www.grac.org/

 April  2- 6  USGS, WICP, and ACWI. �th Federal Interagency Sedimentation Conference and 3rd Federal Interagency Hydrologic Modeling 
Conference. Reno, NV.  water.usgs.gov/wicp/acwi/sos/conf/call_papers_extended_42005.pdf

 April  2- 6  Environmental and Engineering Geophysical Society. 1�th Annual Meeting: Symposium on the Application of Geophysics to 
Engineering and Environmental Problems. Seattle, WA.  www.eegs.org/sageep/

 April  4- 7  National Ground Water Association. The New MODFLOW Course. Las Vegas, NV.  www.ngwa.org/pdf/e/course/258apr06.pdf

 April  5- 7  Water Education Foundation. Lower Colorado River Tour. Las Vegas and South.  www.watereducation.org/tours.asp#lower

 April  6- 7  CLE International. California Water Law. San Francisco, CA.  www.cle.com/dev/seminars.php

 April 22-27  National Ground Water Association. 200� Ground Water Summit. San Antonio, TX.  www.ngwa.org/e/conf/0604235095.cfm

 April 23-27  Montana Tech. Mine Design, Operations, and Closure Conference. Fairmont Hot Springs (Butte), MT.  multimedia.mtech.edu/mineop

 April 26-28  Water Education Foundation. Central Valley Tour. CA’s Central Valley.  www.watereducation.org/tours.asp#central

 May  7-11  National Water Quality Monitoring Council. �th National Monitoring Conference: Monitoring Networks - Connecting for Clean Water. 
San Jose, CA.  water.usgs.gov/wicp/acwi/monitoring/conference/2006/calendar_annct_06.pdf

 May  8-10  American Water Resources Association. 200� Spring Specialty Conference: GIS and Water Resources IV. Houston, TX.   
www.awra.org/meetings/Houston2006/

 May 10-12  Groundwater Resource Association of California. UC Davis Vadose Zone Modeling Short Course. Redwood City, CA.  www.grac.org/

 May 11-12  CLE International. Colorado River SuperConference. Tucson, AZ.  www.cle.com/dev/seminars.php

 May 15-16  WateReuse Foundation. 10th Annual Water Reuse Research Conference. Phoenix, AZ.  watereuse.org/Foundation/2006conf/

 May 16-17  National Ground Water Association. NGWA Western Focus Ground Water Conference. San Francisco, CA.   
info.ngwa.org/servicecenter/Meetings/

 May 21-24  International Ground Water Modeling Center. MODFLOW and More 200�: Managing Ground-Water Systems. Golden, CO.   
www.mines.edu/igwmc/events/modflow2006/modflow2006.shtml

 May 21-25  Environmental and Water Resources Institute of ASCE. World Environmental and Water Resources Congress. Omaha, NE.   
www.asce.org/conferences/ewri2006/

 May 23-25  US EPA, USDA. 2nd National Water Quality Trading Conference. Pittsburgh, PA.   
cfpub2.epa.gov/npdes/courseinfo.cfm?program_id=0&outreach_id=267&schedule_id=851

 May 23-26  Waterloo Hydrogeologic Inc. Applied Groundwater Flow and Contaminant Transport Modeling (short course). Sacramento, CA.   
www.waterloohydrogeologic.com/training/groundwater_training_course_aftm.htm

 May 30-June  2  University of Castilla-La Mancha. 3rd International Symposium on Transboundary Waters Management. La Mancha, Spain.   
www.uclm.es/congresos/twm/
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WDC SEMINARS

Would you let your dentist use this on you?

If you answered

YES,
then you need to attend one of our 

complimentary educational seminars 

and get a new dentist!

Drilling Fundamentals 101 • Sonic Drilling • Health & Safety

Submersible Pump Sizing & Selection • Drilling Fluids Management

For more information go to: wdcexploration.com, Client Education.

You pick the date, we come to you!



Since 1983
Earth Science Software, GIS Software, Training & Consulting

www.RockWare.com

2221 East St, Ste 101  •  Golden CO, USA 80401  •  303.278.3534  •  F: 303.278.4099

What’s in your water?

The Geochemist’s Workbench®

The Geochemist’s Workbench® is a registered trademark of the University of Illinois

GWB Essentials
• Speciation/saturation indices
• Activity (including Eh-pH) diagrams
• Aqueous diagrams (Piper, Stiff, etc.)
• Debye-Hückel or Pitzer models
• Sorption and surface complexation

$799

GWB Standard
Includes GWB Essentials plus:

• Reaction path modeling
• Polythermal models
• Mineral dissolution/precipitation 
    and redox kinetics
• Microbial metabolism and growth
• Custom rate laws

$2,999

GWB Professional 
Includes GWB Standard plus:

• 1D/2D reactive transport modeling
• Transport by advection, diffusion, 
    dispersion
• Saturated or unsaturated fl ow
• Constant or varying permeability
• Variably spaced grids
• Heterogeneous domains and 
    initial conditions
• Flexible boundary conditions

$7,999

Pre and post processing in minutes.

Look deeper with GWB’s fate 
and transport prediction tools:
• Migration of landfi ll leachate 
• Acid rock drainage 
• Metal mobility 
• Redox control on solute mobility 
• Solute attenuation
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