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Located in a semi-arid region characterized 

by chronic water scarcity, Israel has become 

a global leader in developing and applying 

innovative water solutions and technologies. 

Tel Aviv provides an ideal location for 

exchanging information, knowledge and data 

among researchers, practitioners,  

and water officials. In addition, conference 

attendees have the option of attending 

WATEC 2017, Israel’s biennial Water 

Technology and Environmental Control 

Exhibition & Conference, which will be 

held in Tel Aviv immediately following this 

conference. Join us in beautiful  

Tel Aviv for this exciting  

conference!

NEW! 2017 
AWRA 
International 
Water 
Conference: 
Cutting-Edge Solutions 
to Wicked Water 
Problems

2017 AWRA 
Annual Water 
Resources 
Conference

2018 AWRA 
Annual Water 
Resources 
Conference

2018 Spring 
Specialty 
Conference: GIS 
and Water Resources X

Why This Conference is Important?

“May you live in interesting times.” While 
simultaneously a curse and a blessing, this 
statement is never more true than today. All 
conferences strive to be relative and timely, 
but this AWRA event will set a new standard 
for relevance.

Today, our nation is facing challenges that 
encompass deteriorating infrastructure, 
climate change, drinking water quality, 
environmental alteration, endangered 
species and water conflicts, among others. 
Scientific rigor and substantive discourse are 
values that are being dismissed and ridiculed 
at the national level. 

What does this mean for our precious 
water resources – and their protection, 
governance, management, and sustainable 
use? What role will our water resources 
community play?  
Come to Rip City in November 2017 and join 
the conversation.
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2018 Summer 
Specialty 
Conference: Dates 
and Location coming 
soon, stay tuned!

Baltimore Marriott Inner Harbor at 
Camden Yards Baltimore, MD

November 4-8, 2018

www.awra.org
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GROUNDWATER REPRESENTS 
ABOUT 97.5% of Earth’s liquid 
freshwater. Much groundwater 
occurs in aquifers, which develop 
from Earth’s water cycle, as a 
function of the rain that ultimately 
percolates through the soil and 
accumulates underground. 
Groundwater availability is 
paramount for water supply. 
Unfortunately, not all aquifer systems 
are easily accessible or equally 

distributed around the world.. This inequity in availability results 
in water scarcity, which is exacerbated by competing demands and 
groundwater overuse from population and development growth. 
In addition, climate variability further impacts water scarcity by 
reducing water resource availability. As a result, strategies should be 
developed to effectively manage aquifer systems in order to increase 
groundwater availability for water supply and to sustain life.

Aquifer recharge is a proven approach for managing aquifer 
systems that are impacted by overdrafting or water quality 
deterioration from contamination or salt water intrusion. Aquifer 
recharge may be accomplished through the use of wells (e.g. 
recharge wells and aquifer storage and recovery) or percolation 
basins, strategically located to promote infiltration and maximize 
recharge benefits. Aquifer recharge strategies may be implemented 
for the following purposes:
• Abatement of saltwater intrusion to avoid contamination of fresh 

groundwater with saltwater 
• Increased groundwater availability and supply
• Localized water quality improvements for impaired 

groundwater systems
• Elimination of outfalls that discharge nutrient-laden effluent into 

surface waters (e.g. ocean outfalls) to protect water quality and 
aquatic habitats

• Limit land subsidence resulting from the overdrafting of 
aquifer systems

• Minimize the impacts of sea-level rise related to land subsidence 
(increased flooding) and saltwater intrusion (increased expansion 
of the salt water front)
Effective management of aquifer recharge revolves around 

fully understanding the characteristics of the aquifer system (e.g. 
water quality and hydrogeologic parameters) that will serve as the 
control volume for recharge. Such understanding allows for the 
development of recharge schemes tailored to meet or exceed these 
control volume characteristics.

To manage the impacts of water scarcity on aquifer systems, 
aquifer recharge must consider the use of water supply sources that 

Managing the Impacts of Water 
Scarcity on Aquifer Systems

P R E S I D E N T ’ S  M E S S A G E

are climate independent and not limited by geographic location, 
such as reclaimed water. A plethora of advanced water treatment 
technologies are currently available to effectively treat the effluent 
of wastewater treatment facilities for reuse in groundwater recharge 
or other intended reuse purposes, allowing for the transformation 
of what normally would be considered a waste into a resource. Such 
strategy promotes the diversification of water supply sources and 
enhances the resilience of water supply systems.

Notable examples of managed aquifer recharge schemes include 
Orange County Water District’s Groundwater Replenishment 
System in Orange County, California; Western Australia Water 
Corporation’s Groundwater Replenishment Scheme in Perth, 
Australia; and the upcoming Sustainable Water Initiative for 
Tomorrow (SWIFT) by Hampton Roads Sanitation District (HRSD) 
in Virginia Beach, Virginia. These aquifer recharge programs 
comprise solutions to saltwater intrusion, groundwater availability, 
contamination of surface water from nutrient-laden ocean outfalls, 
land subsidence and sea-level rise. There are many other programs 
that have also been implemented in the states of Texas, Arizona and 
Florida, to name a few.

As we consider the impacts of water scarcity on our water 
resources, we can appreciate the importance of effectively managing 
aquifer systems. How do we stay ahead of these issues and other 
pressing water challenges? We must continue to engage with the 
water resources community to exchange ideas and progressive 
solutions. The American Water Resources Association (AWRA) 
will provide such an opportunity during the upcoming 2017 
International Conference on “Cutting-Edge Solutions to Wicked 
Water Problems,” which will take place in Tel Aviv, Israel, September 
10 - 11. AWRA, in collaboration with the Water Research Center of 
Tel Aviv University, will foster a dialogue on how water managers, 
engineers, scientists and policy makers are working together 
to develop and implement solutions to the most-pressing water 
challenges.

Israel’s location in a semi-arid region has allowed the country to 
become a leader in the development and application of innovative 
water technologies. Tel Aviv provides an ideal location for 
exchanging information, knowledge and data among the water 
resources community. The meeting has been strategically developed 
to coincide with WATEC 2017, Israel’s biennial Water Technology 
and Environmental Control Exhibition & Conference, which will 
also be held in Tel Aviv immediately after our conference.

Please come and join us in Tel Aviv for continued collaboration 
and dialogue in support of water resources and AWRA’s goal to 
provide Community, Conversations and Connections. See you in 
Tel Aviv! ■

Rafael E. Frias, III can be reached at President@awra.org.

Rafael E. Frias, III 
President, AWRA 
president@awra.org
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F E A T U R E

Growing Up… with 
Managed Aquifer Recharge
Michael E. Campana

No one really could explain the sumps’ 
purposes to me but they did fill up quickly 
with water when it rained so the nascent 
hydrologist in me ultimately figured they 
must be keeping water off the streets 
and away from homes. The water did 
not usually last long; just long enough 
to produce mosquitoes and frogs during 
the summer. 

Later on
Fast forward 15 years to the early 1970s 

when I was a hydrology graduate student at 
the University of Arizona. There, I finally 
learned the secrets of the sumps. While 
researching a term paper on the water 
resources of Long Island I learned that 
Nassau County first started building sumps 
in the 1930s to collect stormwater. The 
county was starting to develop and wanted 
to manage the flood hazards with detention 
basins – sumps. Shortly thereafter someone 
in the county public works department 
realized that sumps were great for 
recharging the shallow unconfined aquifer 
that was being used for water supply. More 
were built specifically for that purpose. 
Over 700 sumps were constructed.

Alas, someone later realized that as the 
county developed, the sumps were recharging 
polluted water – loaded with septic tank 
effluent, runoff from streets and parking lots 
and other sources. The pollution, combined 
with a modern storm sewer system, made 
the sumps less desirable and unnecessary. 
When I visited a few of my old sumps in 
October 2016, they had been turned into bird 
sanctuaries, passive parks, ponds, etc. Some 
still capture stormwater, and some recharge 
groundwater, but since cesspools and septic 
tanks have been obviated by sanitary sewers, 
the recharged groundwater is less polluted. In 
addition, a lot of groundwater development in 
the county is focused on the deeper aquifers.

As a child growing up in the 1950s suburban wilds of 
Nassau County, Long Island, NY, I had the usual places 
to explore: woods, ponds, some streams and the 
ubiquitous building and sewer construction sites. The 

latter sites were often difficult to access as they were protected by 
fences, security guards, dogs or all of the above. Other parts of the 
county had wooded hills that towered a few hundred feet above 
sea level. I would later learn that these were glacial moraines, but 
no matter – I had no easy means of transportation to the county’s 
North Shore and its high-end towns where these ‘mountains’ were 
located. So in my neck of the woods – near the South Shore – there 
were few exotic places to capture my imagination. 

Figure 1: Whitewater recharge pond with wind farm, southern California. [Courtesy Maureen 
Perry, Coachella Valley Water District, California]

Then I discovered sumps. 
These were large excavations located 

seemingly randomly around Nassau 
County, the first suburban county just east 
of New York City’s Brooklyn and Queens 
boroughs. I had seen them when visiting 
friends’ houses, especially those who lived 
in new developments, or while on my 

paper route. Each sump was mysterious, 
occupying several acres or more, maybe 
15 feet or so deep with steeply sloping sides 
and a concrete culvert or two emptying into 
it. A chain link fence topped with barbed 
wire enclosed each sump. But that did not 
stop my friends and me from exploring 
them, especially when they held water.
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F E A T U R E

Aquifer Storage and 
Recovery as Means to 
Better Manage Water
Frederick Bloetscher
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On a local level, suitability of 
Managed Aquifer Recharge 
(MAR) is highly dependent upon 
hydrogeologic conditions, but 

on a nationwide scale, the U.S. regulatory 
environment complicates nationwide expansion 
of MAR, as aquifer regulation varies spatially 
throughout the United States. To explain this 
fragmentation, an understanding of federal, 
state and local policy is necessary.

The Regulatory Environment 
of Managed Aquifer Recharge 
in the United States and its 
Spatial Shortcomings
Maria T. Gibson

F E A T U R E

Water rights in the United States
Laws governing water policy in the United States are infamous 

for historically detaching surface water and groundwater regulations. 
Common thought as to this development points to a lack of scientific 
knowledge concerning the hydrologic cycle, but it is a bit more 
complex than this assumption. Fragmentation of national water 
policy began with an urge to expand and encourage settlement in 
areas controlled by the federal government. Territorial expansion 
and settlement drove the need for water allocation policies with the 
federal government expecting states to fill the role of developing 
their respective framework. At the time of policy creation, states 
chose allocation systems that benefited economic activities based 
on local resources and current technology. This led to state water 
doctrines representing watercourse regimes characterized by surface 
water flows, since surface water was the easiest to acquire and store. 
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The ASCE-EWRI Standard 
Guidelines on Managed 
Aquifer Recharge
Gordon McCurry

F E A T U R E

The growing demand for 
water supplies has led to an 
increasing need to store water 
to help meet periods of high 

demand and/or long-term management 
of water resources. Aquifers form natural 
reservoirs that, in many locations, are 
capable of storing tremendous volumes 
of water. Actively storing water in aquifers 
often involves the conjunctive use of 
surface-water, reclaimed wastewater 
and groundwater supplies wherein water 
is recharged to the target underground 
storage zone during times of surplus 
water for later withdrawal during times 
of shortage. Implementation requires 
comprehensive planning, design, 
construction, ongoing monitoring, and 
active management to make best use 
of available water resources. Because 
the storage of water in aquifers can be 
accomplished by a variety of passive 
and active processes it is referred to as 
managed aquifer recharge (MAR).
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First, we have adopted the modern urban engineering approach 
that dictates water has to be moved off and away from new structures 
through sloped and trough-shaped impermeable hardscapes to 
transport precipitation to rivers and thence to the ocean. We have 
covered large areas, starving our underlying aquifers of the water to 
replenish groundwater. 

F E A T U R E

Managed Aquifer 
Recharge:  
California and Beyond
Timothy K. Parker

We have engineered 
ourselves into the 
necessity of managed 
aquifer recharge (MAR).
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International Groundwater Centre (IGRAC) 
developed the MAR portal (http://marportal.
un-igrac.org). It comprises an interactive map 
with detailed information on 1,200 existing 
MAR sites around the world. These existing 
schemes offer real-world and best-practice 
examples that can be useful in planning 
and implementing new projects. The portal, 
which is in ongoing development, collates 
the most up-to-date information on MAR 
for dissemination.

3. Develop regional MAR suitability maps
MAR can be applied at different scales 

and for different purposes. However, 
aquifer characteristics must be suitable, 
excess water available and local conditions 
must be favorable. Developing regional 
MAR suitability maps helps to identify 
location(s) with the highest potential for 
successful implementation. A structured 
approach to the selection of sites minimizes 
risks in terms of design, operation and 
maintenance thereby improving efficiency 
and economics of a MAR project. 
Showcasing potentially suitable locations 
for MAR can accelerate uptake. 

Managed Aquifer Recharge (MAR) is 
considered an essential technique to meet 
water demands for the future. As pressures 
on freshwater resources increase globally 
as a result of growing water demands, 
urbanization, increased food production 
and the necessity to preserve ecosystems, 
MAR is expected to be increasingly relied 
upon (Dillon et al. 2010). Given that MAR 
can provide more effective, sustainable 
and cost-efficient freshwater management 
solutions as compared to aboveground 
solutions, such as construction of surface 
water dams or saltwater desalination 
(Sprenger et al. 2017), one may wonder why it 
is not yet implemented at a much larger scale.

MAR is still relatively unknown, and 
decision-makers may wrongly perceive it as 
costly and potentially complicated. So how 
can we improve the global acceptance of 
MAR to ensure that it becomes fully adopted 
as an integral component of sustainable water 
management strategies? 

Five actions to increase 
global acceptance of managed 
aquifer recharge 
1. Increase awareness on the benefits 
of MAR

There is a need to increase awareness 
amongst decision-makers, water resource 
managers and water users on the benefits of 

MAR and on the technical aspects of design, 
implementation and maintenance. There are 
initiatives, like the MAR Commission of the 
International Association of Hydrogeologists 
(IAH-MAR), that facilitate exchange of 
information and raise awareness among 
the water community. But to a large extent, 
the knowledge still resides within a small 
group of research institutes and groundwater 
specialists. This is unfortunate, since MAR 
could be applied as an integrated water 
management strategy, and it presents 
opportunities for conjunctive management 
of surface water and groundwater resources. 
For example, in semi-arid regions, seasonally 
or intermittently, available excess water 
can be captured and stored in aquifers. As 
such, MAR can be applied to better balance 
year-round water supply and to meet water 
demands throughout the year.

2. Improve access to information on MAR 
demonstration projects

Improved access to information on MAR 
projects will help stakeholders to better 
understand the benefits and to adopt MAR 
on a larger scale. Demonstration projects will 
provide confidence that MAR techniques can 
contribute to sustainable water management 
and will highlight how MAR applications 
can be adapted to local situations. In 2016, 
the Technical University of Dresden and the 

F E A T U R E

Managed Aquifer Recharge: 
A Global Perspective
Nienke Ansems

Groundwater is an increasingly important resource 
for human development, including domestic water 
supply, irrigated agriculture and industry. In addition, 
groundwater has an important environmental role in 

sustaining rivers’ baseflow, ecosystems and associated ecosystem 
services. Groundwater is of strategic importance to achieve global 
water and food security under a changing climate.
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F E A T U R E

Domestic Well Aquifer 
Storage and Recovery 
Using Seasonal Springs
Julianne Robinson, Todd Jarvis and Desirée Tullos

To date, aquifer storage and recovery 
(ASR) projects have been predominantly 
implemented by large municipalities and 
industries with high seasonal water demands. 
However, ASR is also a promising tool 
for small-scale water management using 
exempt wells for domestic water use. For 
example, ASR has recently been successfully 
implemented as a subsurface storage 
technique for a small water utility district 
in Warren, Oregon (see Mansfield’s article 
elsewhere in this issue). Researchers (Händel 
et al. 2016) have shown that small-diameter 

wells can be a cost-effective approach for 
managed aquifer recharge, and a pilot study 
conducted outside of Eugene, Oregon, 
demonstrated the applicability of ASR 
using low-yield exempt (domestic) wells and 
rainwater recharge (Embleton 2012). 

Similar to the application of ASR with 
exempt wells and rainwater (Embleton 2012), 
spring-sourced ASR has the potential to be 
used by domestic well owners to provide 
a year-round supply of water where water 
sources are seasonal. In areas where the 
subsurface geology hinders well productivity, 

spring-sourced ASR poses a unique 
solution to seasonal water supply shortages. 
However, regulations surrounding the 
underground injection and storage of water 
were formulated in the context of large-scale 
projects, which can make the development 
process less accessible to private well owners. 
As a result, the feasibility of domestic-scale 
spring-sourced ASR is a result of both local 
geological conditions and regulations. In 
this article, we aim to outline a strategy for 
evaluating the feasibility of spring-sourced 
domestic-scale ASR, using a case study from 
Toledo, Oregon.

Why ASR?
In many places, artificial recharge is 

necessary because groundwater is being 
consumed faster than it is being replaced. 
Surface water is often already fully allocated, 
or insufficient to meet the demands of a 
growing population. ASR provides local 
control over the timing of water use, which 
is important in areas that have historically 
relied on a diminishing winter snowpack for 
surface water supply in the summer. 

In locations characterized by marine 
sediments and fractured shale, such 
as the Oregon Coast Range, aquifers 
typically have a low permeability and are 
hydraulically compartmentalized, leading 
to low-yield wells and unhappy well owners. 
Opportunely, seasonal springs are abundant 
in the area and already serve as a local source 
of drinking water in the winter and spring. 
Aquifer storage and recovery could provide 
the storage necessary to use spring water 
throughout the entire year.

In this case study, a new well was drilled 
(see Figure 1) outside of Toledo for the 
purpose of providing drinking water for 

Apologies to 
Coleridge’s poem 
The Rime of the 
Ancient Mariner, 

but this stanza sums up the 
frustration of many a well owner 
trying to service their dream 
homes built on the tortured 
rocks and aquifers comprising 
the coastal range in Oregon. 
What’s a homeowner to do after 
investing tens of thousands of 
dollars on their water well only 
to have it barely yield a pint a 
minute, or worse, salt water?

Rainwater, springwater, everywhere, 
It doesn’t matter how many wells we sink; 
Rainwater, springwater, everywhere, 
Nor any drop to drink.

Figure 1: New well.

Figure 2: Natural spring.
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F E A T U R E

ASR: Aquifer Storage 
Rescues a Small Water 
Supply District
Bob Mansfield

The McNulty Water People’s Utility District (PUD) in Oregon had 
a problem. The PUD provides water to over 2,000 customers 
and the ever-increasing demand from residential users and 
expansion of business and public service facilities was almost 

more than their three aboveground reservoirs could provide. Water 
storage for emergency reserves like fire suppression or unanticipated 
seasonal demands was already stretched to the limit. Plans were 
on the drawing board for an additional million gallon above ground 
reservoir, but where to locate it was a dilemma. Oregon coast range 
scenery is beautiful and none of the residents like the idea of an 
unsightly storage tank spoiling their view.

Although the PUD didn’t know it, the 
solution was already in their inventory. 
A decade earlier, they drilled a fifth 
water supply well, the Robinette, into the 
regional Columbia River Basalt Group 
(CRBG) aquifer, but the results were 
mixed. Production testing confirmed high 
transmissivity but recharge was almost 
non-existent. Static water levels in other 
wells completed in the equivalent zone 
recharge in minutes after pumping and 
are prolific producers 24/7; however, in 
the Robinette, once drawn down, water 
levels take years to recover. Apparently 
the Robinette encounters an anomalous 
compartment of unusually high porosity, 

Figure 1: The ASR wellhouse, restricted to only five feet in height, is the only surface expression of the underlying six million gallon storage 
capability. Photo by Bob Mansfield.
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F E A T U R E

Putting Aquifers to Work: 
MAR Applications in 
Nutrient Removal
Christopher J. Brown

Managed Aquifer Recharge (MAR) is becoming an increasingly important strategy for water 
resource managers, providing for the ability to store water in aquifers during times of 
plenty and then mine the stored water when the need arises. This approach provides 
great flexibility for water resource managers in solving today’s complex water problems. 

However, using MAR in aquifers can provide other benefits that are often overlooked. One of these is 
the ability of aquifers to provide a degree of water treatment. In Florida, considerable attention is being 
placed on the environmental impacts to surface water bodies from excessive nutrients like phosphorus 
and nitrogen present in stormwater or wastewater. 

Natural treatment systems for wastewater 
have been the object of study and research 
for many years (Kruzic 1997). These systems 
are quite varied and include soil-based, 
wetland, and aquatic systems. Today, other 
types of degraded water are also being 

increasingly treated using these treatment 
systems (e.g. stormwater). Managed aquifer 
recharge systems fall into the soil-based 
treatment category and can include surface 
spreading systems or injection well systems 
like aquifer storage and recovery (ASR) 

projects. In both types, water treatment or 
soil aquifer treatment (SAT) is accomplished 
via a number of important mechanisms 
(Liehr 2005) including:
• Physical straining;
• Chemical changes; and
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F E A T U R E

Harvesting Glacial 
Meltwater with Managed 
Aquifer Recharge
Michael E. Campana

This is a somewhat stream-of-consciousness article to get 
some exposure for, and feedback on, an idea that  
I have been floating for almost a decade. See Campana 
(2016 and 2017) for more information.

No glaciers in Glacier National Park? 
Really? Where did their water go?

In response to global warming, 
some mountain glaciers are melting at 
accelerated rates in various regions (see 
slides 14-18 in Campana, 2017). This is 
not unique to exotic places – we know 
that some permanent glaciers in North 
America are shrinking and some are en 
route to extinction. In the United States, 
the best example of this phenomenon 

is Glacier National Park in Montana, 
which might be glacier-free by the 
middle of this century. Here in western 
Oregon, where I live, the highest 
elevations (e.g., Mt. Hood) are losing 
permanent glaciers. In addition, our 
seasonal snowpack in the Cascade 
Range will likely decline as the climate 
warms and more precipitation falls as 
rain and not snow (see slides 20 and 21 
in Campana, 2017).

Glaciers provide humanity and 
ecosystems with ‘free storage’ of freshwater 
and parcel out water to maintain and 
replenish freshwater supplies. During the 
warm season, glacial meltwater nourishes 
lower elevation ecosystems and human 
settlements alike. It can recharge aquifers. 
Replenishment of the glacier normally 
occurs during the cooler seasons; the cycle 
then repeats itself. Ideally, one would like 
a balance: the glacial ice melting in the 
summer would be replaced by cold weather 
precipitation. When the melting exceeds 
the replenishment, then the equilibrium 
is disrupted. The volume of the glacier 
shrinks and if the disequilibrium continues, 
the glacier will disappear entirely. 

My idea is to capture that excess 
meltwater – the amount coming 
out of storage – before the glacier 
disappears altogether.

Recharging glacial meltwater
I first presented this idea at the 2013 

AWRA Annual Conference in Portland, 
OR (see Session 88 @ http://bit.ly/2tgkFCu]. 
How did I get this idea? I visited Copiapó, 
Chile, in August 2008 during the Chilean 
winter. Copiapó is a city of about 160,000 
in the southern Atacama Desert, one of 
the driest spots in the world. I was told by 
some of the locals that there had been no 
measurable rain in 20 years; the average 
annual precipitation is about 19 mm (0.75 
inches). Despite the lack of rainfall, the 
Copiapó River was flowing, albeit barely. 

“If climate change is a shark, 
water is its teeth.” – Gemma Poag
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T H E  N E W  E C O N O M I C S  O F  W A T E R

Reducing CO2 Emissions in the  
Bay Delta Could Reverse Erosion
Audrey Arnao

THE SACRAMENTO-SAN JOAQUIN River 
Delta is a crucial component of California’s 
water supply that is facing political, economic 
and environmental challenges due to the 
subsidence of land and an overall strain on 
the Delta’s resources and infrastructure. 
Once a naturally functioning estuary, the 
Delta has been engineered to deliver water 
from the water-rich Sacramento River 
watershed in Northern California to meet 
extensive agricultural and municipal needs 
in the arid San Joaquin Valley and Southern 
California. Freshwater originating as 
snowpack in the Sierra Nevada is pumped 
south through the Delta into the state-
operated State Water Project (SWP) and 
federally-operated Central Valley Project 
(CVP) canal systems. Over 6.3 million 
acre-feet per year is conveyed through the 
Delta annually to support the agricultural 
economy of the San Joaquin Valley and 
25 million residents in southern California. 
However, environmental concerns regarding 
threatened and endangered species have 
limited the ability to pump water through 
the Delta and limited SWP and CVP water 
deliveries, particularly during dry years. 

Dams and levees funnel freshwater 
south, while enabling farmers in the Delta to 
cultivate crops on the exposed fertile islands. 
The diversion of freshwater away from the 
Delta and intense agricultural production 
has led to a 10-to-25-foot subsidence, or 
sinking, of the islands and a loss of habitat 
for threatened and endangered species. This 
puts greater pressure on the Delta’s levees 
and results in a high risk of levee failure, 
saltwater inflow and contamination of the 
state’s water supply. Stakeholders in the Bay 
Delta estuary have introduced a number of 
proposals to improve the Delta’s ecosystem 
and structural integrity. The Sacramento-
San Joaquin Delta Conservancy (Delta 
Conservancy) recently proposed a carbon 
sequestration program within the Delta 
wetlands that could provide incentives for 

Delta water users to restore the Delta and 
maintain the water supply that serves two-
thirds of California’s population.

The Delta Conservancy’s methodology, 
which was developed with funding from 
the California Coastal Conservancy, 
Metropolitan Water District of Southern 
California and California Department of 
Water Resources, involves transforming the 
Delta’s islands into managed wetlands by 
retiring farmland and allowing the islands 
to flood. Rather than digging up soil from 
the sinking islands, which is necessary 
for farming but releases carbon into the 
atmosphere, private landowners and state 
agencies can sequester carbon within 
wetlands and sell the greenhouse gas offset 
credits to polluting industries in a voluntary 
market. If the islands are managed as carbon 
banks, wetland plants would grow, die, and 
rebuild the elevation, reducing the strain 
on the levees and lowering emissions. The 
Delta Conservancy hopes to first apply the 
protocol to wetlands owned by state agencies, 
accumulate credits to generate revenue, 

then work out additional agreements with 
landowners in areas that are becoming 
too wet to farm. At full scope, the carbon 
sequestration program aims to retire 
15,000-30,000 acres of farmland and stop 
1-2 million tons of CO2 from being released 
yearly. It is also expected to sequester 5 to 6 
tons of CO2/acre from the atmosphere yearly. 

Land retirement and carbon 
sequestration has potential to help restore 
the Delta, but economic incentives must 
be established. Development of a carbon-
offset market could generate revenue and 
replace lost farm income. This will entail 
finding willing buyers who need to offset 
their environmental impact and can afford 
to purchase the credits. The approval of the 
sequestration methodology is a promising 
first step, and if the markets prove viable, 
carbon banking could help preserve 
the Delta. ■

Audrey Arnao is a research undergraduate 
summer intern at WestWater. Contact: 
arnao@waterexchange.com.
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P H I L O S O P H Y  A N D  E T H I C S

The Rio Grande and the Ganges Rivers: 
How Human ‘Success’ is Choking the Life 
out of Two Great River-Spirits
By Jules Simon

LIFE ON THE RIVER, by the river and from 
the river; many of the changes in my life 
have come about with rivers that have helped 
to form my spirit. I was blessed to grow up 
on the banks of the Delaware River in the 
northeastern United States; having learned 
to swim, fish and enjoy the refreshing and 
nourishing gifts which that river bestows 
on those who live in its vicinity. I then lived 
on the Neckar River in southwest Germany 
and learned that people all over the world are 
blessed with similar sorts of nourishing river 
experiences. And in the case of the Delaware 
and Neckar rivers, I also learned how and 

why people take care of their rivers as those 
rivers have become cleaner and healthier in 
the past four decades.

After leaving Germany and the northeast 
United States, I came to dwell for many 
years in the Rio Grande valley – first in Las 
Cruces, New Mexico and then in El Paso, 
Texas – and always within walking, riding or 
easy driving distance from the intermittent 
flow of the once-mighty Rio Grande. It 
was, and still is, one of the great rivers of 
this Earth, shared by the United States and 
Mexico as both source for irrigation and 
groundwater for drinking and as a national 

border. The Rio Grande begins from streams 
at the foot of Canby Mountain in Colorado 
and then passes through the high Chihuahua 
desert regions of New Mexico and West 
Texas, as well as the states of Chihuahua and 
Coahuila in Mexico, and then meanders 
through the sub-tropical plains of South 
Texas and the states of Nuevo Leon and 
Tamaulipas in Mexico. I have lived with and 
from this contested river for over 20 years. 

Like so many other rivers, humans were 
drawn to the banks of the Rio Grande as long 
ago as 1500 BCE, and have been ‘farming’ 
from its waters ever since. This led to pueblos 

The Rio Grande at Big Bend National Park, USA after it receives the gift of new water from the Rio Conchos, Mexico.
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S U M M E R  C O N F E R E N C E  R E C A P

Climate Change Solutions:  
Collaborative Science, Policy and Planning 
for Sustainable Water Management
By Lisa Engelman
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RESPONDING TO CLIMATE change is complicated by the scale, complexity and inherent uncertainty 
of the problem, from changes in spatial and temporal variations in the components of the hydrologic 
cycle; increasing number, intensity and geographic variability of storm events; sea level rise and salinity 
changes due to temperature increases and glacial melting; to acidification. Climate change adaptation, 
mitigation and community resilience must use the best available science while managing uncertainty. 
Challenges remain both in developing the scientific, and scientifically rigorous, information necessary 
to support water resources adaptation planning, and in the timeliness to respond to inquiry. As noted 
in the American Meteorological Society’s Statement on Climate Science is Core to Science Education, 
“Because of the skeptical nature of scientists, new ideas are accepted very slowly and only after a great deal 
of scrutiny. In fact, what authority science achieves is based on the openness by which scientific results are 
presented for review, evaluation and additional testing.” Managers and policy makers also often struggle 
with translating information produced by the scientific 
community for use in decision-making. Collaborative 
solutions involving scientists, managers and other 
stakeholders are essential to ensure management 
and policy decisions are informed by the best available 
science, and that the scientific community in turn has a 
strong awareness of managers’ and policy makers’ highest 
priority needs.

The AWRA 2017 Summer Specialty Conference 
on Climate Change Solutions: Collaborative 
Science, Policy and Planning for Sustainable Water 
Management brought together water professionals 
with diverse backgrounds in physical, biological and 
social sciences, managers, planners, policy makers, educators and other backgrounds come together to 
discuss complex issues that cannot be solved by any one professional sector. Twenty-two technical sessions 
highlighted federal, state, local and international issues and responses; vulnerability and adaptation 
assessments; data and tools to support decision making; stakeholder collaboration, outreach and education; 
and facility and watershed scale resiliency. Additionally, conference attendees participated in a World 
Café-inspired Chewing on Climate Change Discussion Lunch focusing on identification of the highest 
priority issues, where outreach and education could improve the general public’s understanding, increasing 
policy maker understanding, expanding personal knowledge and future support that AWRA could provide 
with respect to water resources, water resources management and climate change. 

Highest priority concerns included understanding and communicating uncertainty, including what is 
not uncertain; the need to better work across discipline silos; a better understanding of vegetation patterns 
and shifts, impacts on agriculture, associated water needs vs. availability and food security; when to make 
investments and quantifying the costs of inaction; sea level rise and effects and mitigation of saltwater 
intrusion, infrastructure, weather events, supply scarcity and a science-informed approach to the policies 
of building and rebuilding in flood-prone areas; the need for localized to regional climate models; and 
methods for identifying, selecting and using the magnitude of data and tools available.

Communication themes emerged around the need for long-term thinking, planning, funding and 
managing; challenges reaching diverse communities; messaging, branding and social media usage; 
developing and leveraging local, regional and state collaborations for program development and 
implementation; information sharing between small communities; understanding of rates development, 
needs and decisions; and highlighting impacts of climate change that are already being felt. 

The future of the science and policy around climate change still is evolving. Continued research, 
collaboration and communication across scientific and social disciplines, and outreach to and working with 
policy-makers, planners, and the public across local, regional, state, and national levels will facilitate water 
resource resilience and management in the coming years. ■

Lisa Engelman is an independent consultant, having supported environmental clients for over 20 years. She 
served as chair of the AWRA 2017 Summer Specialty Conference, and represents AWRA as alternate to the 
Renewable Natural Resources Foundation (RNRF) Board and Advisory Committee on Water Information (ACWI) 
Water Resources Adaptation to Climate Change workgroup. Contact: engelman.lisa@gmail.com.

Climate change 
adaptation, mitigation 
and community resilience 
must use the best 
available science while 
managing uncertainty.



38 • Water Resources IMPACT   September 2017

Indiana Water 
Resources 
Association holds 
38th Annual 
Symposium

The Indiana 
Water Resources 
Association (IWRA) 
held their 38th Annual 
Symposium June 
28-30 at Turkey Run 
State Park in western 
Indiana. The symposium, “Threats to and from 
Indiana’s Water Resources,” held a full schedule 
of 35 oral presentations, and 20 student posters. 
Featured speakers included Bruno Pigott, 
commissioner of the Indiana Department 
of Environmental Management, and Janet 
McCabe, former acting assistant administrator 
of the U.S. Environmental Protection Agency. 
The annual IWRA awards banquet was held 
on the first evening, giving awards for the 
Charles Harold Bechert Award and outstanding 
achievement awards in the public, private 
and academic sectors. Winners this year were 
William G. Wilber (Bechert), Mike Starkey 
and Jack Maloney (Private Outstanding 
Achievement), Shannon Zezula (Public 
Outstanding Achievement), and Bob Barr 
(Academic Outstanding Achievement). Wilber 
is one of the founding members of IWRA and 
the organizations first president. One of the 
highlights of the meeting included the judging 
of the student posters. The Outstanding Student 
Poster was presented to Adam Alford, Purdue 
University, with much fanfare. On the final day, 
participants learned the story of Turkey Run 
and took a short hike enjoying the scenic view 
of Sugar Creek and walking through one of the 
deep sandstone ravines, meandering across a 
stream on steppingstones that flows through the 
park. Hikers saw interesting sedimentary rock 
formations, plants and trees that grow on the 
canyon walls, and fauna that live in canyon. For 
more information about section events, please 
visit the Indiana Section web site Indiana Water 
Resources Association. Thanks to our presenters 
and congratulations to our award winners! ■

A W R A  S T A T E  S E C T I O N  A N D  S T U D E N T  C H A P T E R  N E W S

North Carolina  
Section of AWRA

The North Carolina section of the AWRA, in 
conjunction with the Water Resources Research Institute, 
held their annual 
conference this year. 
Student poster entries 
reflected some of the 
issues faced by North Carolinians and others across the 
South. The 2017 poster winners and their topics are: 
1st Place: Qiwen Cheng, NC State University, Influence of 
Electrically Conductive Particles on Methane Generation in 
Swine Wastewater Fed Anaerobic Digesters
2nd Place: Emily Bailey, UNC-Chapel Hill, Microbial 
Survival of Indicator Organisms in Blended Waters Proposed 
for Potable Reuse in North Carolina
3rd Place: Frank Stillo, UNC-Chapel Hill, Racial 
Disparities in Access to Municipal Water Supplies in the 
American South: Impacts on Children’s Health

The NCWRA conducted a Spring Social in downtown 
Raleigh. New and seasoned members came together to 
openly discuss water resource issues, summer activities 
and everything in between. This was a great opportunity to 
display the association’s new banners: 
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In Memoriam: 
Peter E. Black, 1935-2017

AWRA President 1991, AWRA Vice President 1989, AWRA Fellow Member 1988,  
AWRA President’s Award for Outstanding Service 1987

Peter E. Black, 82, of Syracuse, NY, died peacefully at home on Friday, May 12, 2017. Peter was dearly loved 
and is survived by his wife, Lida; two brothers, David and Jonathan; and four sons, Steven, Andrew, Douglas, and 
Elliott, and their families. 

Born and raised in New York City, Peter attended the Ethical Culture Fieldston School and graduated from the 
University of Michigan in Ann Arbor with a BS in Forestry and an MF in Forest Influences. He received a PhD in 
Watershed Management from Colorado State University, Fort Collins, CO.

In 1965, he came to the SUNY College of Environmental Science and Forestry in Syracuse, becoming a Distinguished Teaching Professor 
of Water and Related Land Resources. Throughout his career, he wrote many articles and books including Watershed Hydrology and 
Conservation of Water and Related Land Issues. Peter was devoted to teaching and passionate about the importance of water management 
to the future of people and the planet. In 2006, Peter wrote and recorded “Water Drops,” a weekly series of two minute broadcasts aired by 
WRVO-FM in NPR programming. The “Drops” were educational, inspiring and often humorous. 

He served on numerous local, state, and national advisory groups, including water resource and watershed committees and task 
forces all the way to the Environmental Advisory Board of the Army Corps of Engineers. He was a member of the American Institute 
of Hydrology and represented SUNY ESF as an advisory member of the NY State Soil and Water Conservation Committee. He served 
as president of American Water Resources Association in 1991-92.

Peter enjoyed singing in the choir at May Memorial Unitarian Church and the University Oratorio Society. Whether he was 
shooting photos, building a garden pond at home, or hiking, he loved nature. He was famous for his amusing quips and love of 
blueberry pie and chocolate. ■

Employers
Connect with Future Employees
9am-12Noon | Wednesday, Nov. 8, 2017

Career Fair at the AWRA Annual Conference 

AWRA’s CAREER FAIR is a fantastic opportunity to meet face-to-face with potential employees from 
around the country! Plus, hang around and participate in our Student Career Night that evening.

LOCATION: Red Lion Hotel on the River-Jantzen Beach in Portland, OR
REGISTER: Beginning September 1, 2017 at www.awra.org/meetings/Portland2017
Job Fair Booth  $250 for 1 job posting; $75 for each additional job posting:

Employer Receives:
1 Interview Booth
1 Table and 2 chairs
Job Posting on AWRA Career Site ($495 value) 
Networking at Student Career Night | November 8, 2017
Conference Final Program Career Fair Listing (if registered by October 1, 2017)

NOTE: All AWRA Career Fair participants must be registered for the conference in order to participate.

878000_Editorial.indd   1 18/08/17   1:10 pm
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AMY SHAW 
Vanderbilt University 
Nashville, Tennessee

AWRA congratulates Amy Shaw,  
2017-2018 recipient of the AWRA  
Richard A. Herbert Memorial Scholarship – 
Graduate (PhD) Student Award ($2,000)

Amy is entering her final year of the Environmental 
Engineering PhD program at Vanderbilt University with 
a focus in water resources. Before starting her PhD work 
she earned an M.S. in Environmental Engineering and 
a B.E. in Civil Engineering from Vanderbilt, graduating 
magna cum laude. Her dissertation work focuses on 
reducing negative water quality impacts while optimizing 
hydropower dam operations through integration of high-
fidelity simulation models within decision support tools 
for hydropower facilities operators. Amy presented this 
work at both the 2014 AWRA Annual Conference and 
HydroVision International, where her conference paper 
received an award.

Amy has served as a board member and co-instructor 
for the Environmental Engineering module for two youth 
“Engineering Day” events, and has also taught middle 
school girls about hydrology as part of the Art2STEM 
after-school program. She has guest lectured at the 
Vanderbilt freshman seminar course, sharing her expertise 
in renewable energy and the important role water plays 
in the energy production sector. Additionally, she was a 
founding member of her department’s Graduate Student 
Council, where she served as secretary and later president, 
supporting the career development of peer students. Amy 
recently spent three months as a Christine Mirzayan Science 
and Technology Policy Graduate Fellow at the National 
Academy of Engineering (NAE), where she worked on a 
number of projects related to NAE’s Grand Challenges for 
Engineering initiative. She also assisted with a consensus 

study that aims to determine the greatest challenges and 
opportunities in environmental engineering and science for 
the 21st century. 

After graduate school Amy plans to work initially as 
a water resources engineer and to earn her professional 
engineer license. Once she has gained experience as a 
professional engineer, she aspires to a career in the policy 
arena, providing the technical basis for policy decisions.

In her own words, “Through my undergraduate and 
graduate work, I have turned my passion for engineering 
into expertise, which I plan to apply to engineering and 
policy problems that can improve peoples’ lives. Both my 
undergraduate and graduate educations at Vanderbilt would 
not have been possible without generous support from 
external scholarship and fellowship programs such as this.”

JOHANNA EIDMANN 
Colorado State University 
Fort Collins, Colorado

AWRA congratulates Johanna Eidmann,  
2017-2018 recipient of the AWRA  
Richard A. Herbert Memorial Scholarship – 
Graduate (M.S.) Student Award ($2,000)

Johanna is currently pursuing her M.A. in Geosciences 
(Fluvial Geomorphology) at Colorado State University 
(CSU). She selected CSU for her graduate work because 
of its emphasis on conducting academic research with a 
practical application. Her thesis research, in collaboration 
with the city of Longmont, is to understand the past, 
current and future sediment impacts of a September 
2013 storm on the Ralph Price drinking water reservoir. 
It is focused on understanding the mechanics and 
hydrodynamics of sediment transport into a drinking 
water reservoir after an extreme sedimentation event. This 
research is particularly critical, as this single f lood not 
only devastated the community, but also added a volume 

Herbert Scholarship Award Recipients  
for 2017-2018 Announced
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of approximately 100 years of sedimentation into the 
reservoir, thereby decreasing the reservoir’s overall lifetime 
and capacity. 

Johanna received her B.A. degree in Geosciences and 
Environmental Policy from Williams College, where she 
was selected for the David N. Major Award, a departmental 
award for the graduating senior who best exemplifies 
excellence in the major, which includes consideration 
of academic excellence as well as dedication to the 
department both inside and outside the classroom. During 
her undergraduate thesis research, she reconstructed past 
climatic changes by measuring sediment laminations 
in a proglacial lake in the High Arctic. As her research 
progressed, she became more intrigued in understanding 
the geomorphic mechanisms that produced variations 
in the source and transport of the sediments that were 
recorded in the core. In consulting, she collaborated in a 
remediation project which linked mercury concentrations 
in lobsters to the upstream sediment contamination at 
a manufacturing facility. These experiences motivated 
her return to academia to study sediment transport in 
f luvial environments. 

Johanna currently serves as a graduate teaching 
assistant at CSU, where she has also mentored 
undergraduate students in the Geosciences. She served as 
a teaching assistant and Peer Tutor in the Geosciences at 
Williams College. 

In her own words, “Support for my graduate research 
will not only help me pursue my ultimate goal to learn 
about sediment transport to enhance environmental 
remediation and water resource problems, but will also 
help achieve my personal goal of using research to shape 
management policies that impact communities.”

AMY PLECHACEK 
Virginia Polytechnic Institute 
and State University 
Blacksburg, Virginia

AWRA congratulates Amy Plechacek,  
2017-2018 recipient of the AWRA  
Richard A. Herbert Memorial Scholarship – 
Undergraduate Student Award ($2,000)

Amy is majoring in Geosciences at Virginia Polytechnic 
Institute and State University (Virginia Tech) with a focus in 
geochemistry and a minor in chemistry. Her involvement with 
the Virginia Tech Honors Program and Geology Club has 
encouraged her development as a leader who is determined 
to make a difference in the field of water resources, and her 
experience with undergraduate research has solidified plans to 
pursue a master’s degree in hydrogeology.

Amy is a 2015 recipient of the National Ground Water 
Association’s Len Assante Award. Last summer she 
participated in a Research Experience for Undergraduates 
Program at Virginia Tech that was focused on the food-
water-energy nexus, studying the potential sources of water 
contamination during the hydraulic fracturing of natural 
gas, and she has continued to work on this project. She also 
participated in her department’s first study abroad program in 
Switzerland last fall.

In her own words, “Water availability will become one 
of the most important issues as the population continues to 
grow. The world needs leaders such as myself to help address 
this issue. This scholarship will support me in my last year at 
Virginia Tech and strengthen my path toward my career as 
a hydrogeologist.”

The AWRA Board of Directors and Scholarship 
Committee are also pleased to announce additional 
scholarships awarded for 2017-2018. The recipients are:

Chelsea Kolb ($650) 
PhD Student, Carnegie Mellon University

Sara Goldstein ($650) 
M.S. Student, University of Colorado Boulder

Savannah Smith ($700) 
Undergraduate Student, University of Texas at Austin

These additional scholarships were made possible by the 
generous contributions of AWRA members to the Richard A. 
Herbert Memorial Educational Fund. ■



Highlights of the JAWRA Technical Papers
Volume 53, Issue 4, August 2017

Featured Series – SWAT Applications for Emerging Hydrologic and Water 
Quality Challenges

This is a recurring series of papers focused on the Soil and Water Assessment Tool (SWAT). 
Her et al. investigated the sensitivity SWAT modeling to variable channel dimensions and the 

influence on streamflow and sediment modeling. 
Shabani et al. coupled SWAT with the CE-QUAL-W2 model to simulate water balance and 

image to comesulfate concentrations in the Devils Lake Watershed in North Dakota. 

Other Technical Papers
Groom et al. conducted a replicated study on 33 streams to test the effectiveness of riparian 

rules at meeting temperature criteria in western Oregon streams. 
Lane et al. compared Federal Emergency Management Agency Flood Insurance Rate Maps to 

floodplain and integrated wetland area mapping methods based on (1) geospatial distance, (2) 
geomorphic setting and (3) soil characteristics. 

Milly and Dunne examined ways in which to appropriately include evapotranspiration in 
climate change hydrologic models. 

Walker et al. quantified water use for hydraulic fracturing at multiple scales in the South Platte River basin. 
Alam et al. used the SPARROW model to examine the relationship between possible precipitation and temperature changes on 

nitrogen yield for watersheds in the contiguous United States. 
Peters et al. monitored changes to sediment deposition and streambed composition in the Elwha River, Washington prior to and 

during the simultaneous removal of two large dams. 
Blackburn-Lynch et al. used hydrologic landscape regions and data from independent sites throughout the contiguous U.S. to develop 

a set of regional curves (bankfull discharge, cross-sectional area, width and mean depth) at varying scales. 
Scown et al. investigated if total phosphorus concentration models developed from nationally-available spatial data could be improved 

by including local watershed-specific data. ■

2017-2018 Editorial Calendar
NOVEMBER 2017
West Coast Water 
Guest Editor: Joe Berg
JANUARY 2018
National Water Model
Guest Editors: Sandra Fox and  
Steve Kopp
MARCH 2018
Water Ethics 
Guest Editor: TBD

MAY 2018
Transboundary Groundwater 
Governance and Management
Guest Editors: John Tracy and  
Michael Campana
JULY 2018
Water Infrastructure Financing
Guest Editor: Kim Ogren

SEPTEMBER 2018
Delaware River and Chesapeake Bay
Guest Editors: Martha Corozzi,  
Carol Collier, Asia Dowtin
NOVEMBER 2018
State of the Art of Water Science
Guest Editor: Michael Campana

Advertise your products  
and services in

A bi-monthly news magazine  
of the American Water  
Resources Association

AWRA’s unique multidisciplinary structure 
provides your company the opportunity to 
advertise to readers representing over  
60 professions and living in over 65 countries 
around the world!

Contact Christine McCrehin,  
540-687-8390, christine@awra.org. ■
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