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MONDAY, NOVEMBER 4
1:30 pm - 3:00 pm
Concurrent Sessions - 1, 2, 3, 4
SESSION 1 | Brighton
PANEL: Water Markets and Water Banking Fostering Better Water Use?
Moderator: Joanna Endter-Wada - Professor of Natural
Resource Policy and Social Science at Utah State University
Panelists:
Lisa Welsh - Postdoctoral Researcher at Utah State University
Clint Carney - Doctoral Student at Utah State University
Nathan Bracken - Partner, Smith Hartvigsen, PLLC
Candice Hasenyager - Assistant Director, Utah Division of
Water Resources
Water banking has been used by many western states
as a means to promote water market activity and meet
a number of water demands. Addressing a large cross
section of water interests, recent movements in water
markets can inform contemporary thinking in areas such
as improvements to water quality, maintaining vibrant local
agriculture, enhancements to natural water systems, and
meeting a growing population’s water demands. This panel
discussion is intended to bring together representatives from
several western states to discuss the need water markets
and water banking fulfills in their state, how their programs
functions, and thoughts and considerations for making water
markets and water banking a more robust tool in the water
management field. As the host of this year’s conference,
it is intended that one of the panel members and/or the
moderator be a Utah representative able to speak to Utah’s
diverse stakeholder group process currently working to
design a Utah water banking program.

SESSION 2 | Snowbird
Coastal Water Management
Private Homeowners vs. Public Beachgoers: Addressing
the Implications of Seawalls on Private and Public Property
Rights - Sarah Delap, Taylorsville, UT
With impending global warming, coastal property owners
look for ways to combat coastal erosion and sea level rise.
One way is the construction of coastal armoring structures,
such as seawalls. This paper explores the issue of coastal
armoring through the sources and application of coastal
zone management law in California. Part II reviews coastal
zone management in California. Part III examines the current
legal battle between the Katz family and the California
Coastal Commission over the Katzes’ seawall. Part IV analyzes
potential approaches open to the Commission to manage
private and public rights on the coast. These approaches
include 1) phasing out seawalls and instituting land exchanges,
2) bolstering with natural foliage, 3) managing retreat from
coastal areas, 4) implementing rolling easements to allow for
natural migration, 5) instituting a complete ban on seawalls, 6)
working collaboratively with concerned parties through role
play simulations, and 7) leaving private homeowners to their
own devices. Ultimately, the Commission needs to adopt an
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approach to the controversy of seawalls that balances public
and private rights. Working with private homeowners and
educating them about the risks of living on coast will foster a
good relationship while also encouraging homeowners to do
their part in protecting public rights to the beach. However,
situations will arise in which homeowners do not want to
work with the Commission. In such cases, the Commission
needs to discourage homeowners from taking such actions
while also trying to promote a positive relationship to
encourage homeowners to continue to work with the
Commission.
Water Law and Coastal Inundation - Robin Craig, University
of Utah College of Law, Salt Lake City, UT
One of the less acknowledged threats from sea-level rise is
to coastal fresh water supplies, and the impacts can go far
upstream. Improved application of water law can in many
places help to stave off these sea-level rise impacts. This talk
will use examples from around the country to discuss how
water law can help coastal communities stave off salt water
contamination of their aquifers and their rivers and streams.
Coastal Strategies for Drainage Resilience to FDOT
Facilities - Carlton Spirio, Florida Dept of Transportation,
Tallahassee, FL
The Florida Department of Transportation (FDOT) has been
involved with numerous workshops and peer exchanges
related to Sea Level Rise and Extreme Coastal Storm
Events. This coordination has included our participation at
regional planning meetings, hosted by Local Governments,
to address these same issues as they relate to tourism,
business and property interests, both public and private.
FDOT is considering new guidance that encourages regional
strategies to produce adaptable drainage solutions that
better respond to the ever-changing conditions involving
coastal roadways and bridges. Therefore, this presentation
will focus on the emerging issues impacting our coastlines
and highlight the need for more diversified planning
techniques, research and purposeful drainage solutions
that are more resilient and adaptable to the unique coastal
conditions that exist throughout the State. Presentation
Summary: Although Florida has always been vulnerable
to coastal flooding associated with tropical systems,
new strategies and guidance are needed to address Sea
Level Rise and other types of nuisance flooding that is
impacting coastal areas throughout Florida. Several Peer
Exchange Workshops, related to coastal flooding, have
been hosted by the Federal Highway Association (FHWA)
to identify the magnitude of the concerns as they relate to
coastal roadways, bridges and other infrastructure. The
Florida Department of Transportation hosted one of these
Workshops and invited several other State Agencies as well
as a few Local Municipalities to participate in these beneficial
exchanges. Because of this Workshop, the FDOT has
initiated additional meetings with the Florida Department
of Environmental Protection (FDEP) and several Water
Management Districts (WMDs) to identify regional strategies
that are being considered to address coastal protection,
stormwater management, saltwater intrusion limitations and
flood protection from the ever-changing coastal conditions.
There are competing interests between the FDOT and Local
Governments on how to best protection and manage the
State’s coastlines. The FDOT is focused on maintaining our
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roadway and bridge system; whereas, the Locals are focused
on protecting and preserving coastal properties that generally
contribute the highest tax-base for their economies. However,
in most cases, our infra-structure overlaps one another, which
can lead to inconsistent designs for coastal drainage systems.
Due to the emerging concerns in protecting coastlines and
infra-structure, the need for partnering and sharing resources
in a much more efficient and effective manner is essential in
successfully achieving the goals for all stakeholders within a
given region of the State.”
Analysis on Components of Sea Level Rise at Galveston Pier
21 - Yi Liu, Morgan State University, Baltimore, MD (co-author
- J. Li)
In this presentation sea level rise include components:
absolute sea level rise due to global warming, basement rock
subsidence due to tectonic intraplate downward motion,
primary consolidation subsidence due to groundwater
withdrawal, and secondary consolidation subsidence
due to geo-historical overburden pressure. Basement
rock subsidence was estimated to be 2.41 mm from GPS
observation (SG32) at College station 132 km far from
Galveston Pier 21 after removal of secondary consolidation
subsidence there. The primary consolidation subsidence of
aquifer systems at Galveston Pier 21 was 118 mm from 1937
to 1983 from tide gauge data. Sea level rise was found to be
4.60 mm/a from 1909 to 2014 after removal of the above
primary consolidation subsidence. Absolute sea level would
be 1.16 mm/a through removing GPS (TXGA) observed land
subsidence of 3.44 mm/a from the above sea level rise of 4.60
mm/a. The secondary consolidation subsidence around Pier 21
would be 1.03 mm/a if the basement rock subsidence of 2.41
mm can be removed from the land subsidence of 3.44 mm/a.
Sea level rise at Galveston Pier 21 has been accelerating big
abnormally since 2014.

SESSION 3 | Sundance
Emerging Advanced Planning Tools
An MOEA Approach to New Reservoir Sizing and Location
Planning - Kevin Lusk, Colorado Springs Utilities, Colorado
Springs, CO
In 2017, Colorado Springs Utilities (CSU) completed its
Integrated Water Resource Plan (IWRP). This plan set the
strategic policy direction to meet the future water needs of
the City of Colorado Springs. The IWRP team employed a
Multi-Objective Robust Decision Making (MORDM) process
including a sophisticated water supply system model coupled
with a Multi Objective Evolutionary Algorithm (MOEA)
to explore a large number of system risks and potential
mitigation measures or “levers” to help mitigate those risks.
The MOEA yielded a series of Pareto-optimal solutions
organized into “portfolios” of levers. A Preferred Portfolio
was ultimately developed and served as the basis for the
IWRP strategic direction. Among the projects and policies
in the preferred portfolio were a number of new raw water
reservoirs totaling 90,000 acre-feet to 120,000 acre-feet of
new storage capacity. As part of WRF study 4941, Colorado
Springs decided to further refine the storage “levers” in its
preferred portfolio by performing additional MOEA analysis.
Because the IWRP analysis originally included a large
number of potential projects of varying stages of conceptual
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development, simplifying assumptions related to functionality
and unit storage costs for the various storage levers were
made. This resulted in a high level comparison of the function
and benefit of storage relative to other “levers” such as
new supply, conservation, and conveyance. For the refined
storage analysis, more detailed and site specific assumptions
for location, inflow and outflow capacities, unit capital costs,
and pumping costs have been made. The MOEA analysis will
explore the solution space with this reformulates problem
statement including rerunning the full list of all available
“levers” as well as by “fixing” the size and location of all nonstorage levers in the Preferred Portfolio. The resulting Paretooptimal solutions for reservoir sizing and location will then be
compared to previous IWRP results, to explore impacts from
what is referred to as rival problem framings. The desired
outcome of the analysis will be to understand how the
addition of more detailed operational and cost information
may result in different solution sets of “levers.”
Melbourne Water (AUS) and Tarrant Regional Water District
MOEA Case Studies - Leon Basdekas, Black & Veatch,
Denver, CO (co-authors - P. Rhine, R. Hayslett)
Two case studies associated with Water Research
Foundation project 4941: Multi-Objective Evolutionary
Algorithm Application (MOEA) Guidance for Utility Planning
will be presented. This project aims to develop and conduct
case studies to describe how MOEAs can enhance real world
decision making. For this purpose, MOEAs are considered
as a class of algorithms that learn and evolve, mimicking
natural selection, to search for and find the best tradeoffs to
a problem with conflicting objectives in different planning
contexts to help assess system tradeoffs for water utility
planning. Differing or rival problem formulations of system
objective functions and constraints were investigated and
impacts to the decision-making processes will be presented.
A simple example could be maximizing system reliability
and minimizing costs. The case study utility partners are
Colorado Springs Utilities, Tarrant Regional Water District,
Tampa Bay Water, and Melbourne Water (Australia). These
utilities represent a diverse range of populations served,
geographies, water supply issues, as well as past MOEA
experience. Two case studies will be presented here; Tarrant
Regional Water District explored short-term operational
factors around a critical terminal storage reservoir to balance
contractual lake elevations, user demands, and minimizing
high value water spills. Rival framings were used to explore
impacts to developing water year type operational rule
curves using stochastic data. Melbourne Water will be using
MOEAs for balancing the costs of several sources along
with water security and using different percentile thresholds
for streamflow ensemble objective function variants.
Experiences gained through this research into rival problem
formulations will be captured to inform future utility planning
processes as MOEAs continue to gain wider adoption.
Generating and Identifying Robust Lake Mead Operating
Policies - Rebecca Smith, US BOR, Denver, CO (co-authors J. Kasprzyk, E. Alexander, J. Prairie, C. Jerla, A. Butler)
The Colorado River spans seven US states and Mexico and
is an important cultural, economic, and natural resource
for 35 - 40 million people. Its complex operating policy is
based on the “Law of the River,” which has evolved since
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the Colorado River Compact in 1922. Operational guidelines
were negotiated in 2007 to address shortage reductions
and coordinated operations of Lakes Powell and Mead.
These interim guidelines – in effect until 2026 – were
ultimately agreed on after manually exploring hundreds of
alternatives. The Colorado River Basin’s projected water
delivery reliability has continued to degrade since 2007,
primarily due to a persistent drought causing a lower supply.
The magnitude of the future supply-demand imbalance is
challenging to predict since the most likely realizations of
future water demand and hydrology are unknown, nor are
the uncertainties quantifiable. Hence, these future conditions
can be described as deeply uncertain. Negotiations for the
new 2026 guidelines will need to consider deep uncertainty
when searching for and evaluating operational alternatives.
This research explores innovative planning approaches that
are appropriate for conditions of deep uncertainty. A MultiObjective Evolutionary Algorithm (MOEA) is coupled with the
Colorado River Simulation System (CRSS) model to generate
thousands of new operating policies for Lake Mead. The
MOEA-generated policies are then re-simulated across many
future water supply and water demand scenarios to test each
policy’s performance across a wide range of plausible future
conditions. Multiple robust operating policies were identified
through applying a satisficing analysis to the set of MOEAgenerated policies. The operational similarities between the
identified robust policies may shed light on how Lake Mead’s
operating policy could be formulated to be more robust
to a wide range of future hydrologic and water demand
conditions. Through this research, the Colorado River Basin
has become one of the largest, most complex river basins to
employ an MOEA to date.
Multi-objective Consideration for a Water Supply Utility’s
Seasonal Resources Allocation - Nisai Wanakule, Tampa Bay
Water, Tampa, FL (co-authors - H. Wang, T. Asefa, L. Basdeka,
P. Reed)
Tampa Bay Water is a regional wholesale water supply
agency with a customer base of over 2.5 million people in
West Central Florida. Its source supply portfolio includes
groundwater from 12 major wellfields, surface water
withdrawal from two rivers, an off-stream reservoir, and a
desalination plant. Production allocation from these sources is
often challenging and involves consideration of many factors
such as operational policy and constraints, facilities capacity,
regulatory requirements, as well as demand and streamflow
uncertainties. This study presents a framework for updating
monthly production allocation that considers the tradeoff
among four objectives, namely deviation from budgeted
production allocation of the current fiscal year, under or over
utilization of groundwater resource, and cost of production.
A Mixed Integer Programming is set up to simulate the
monthly allocation to minimize soft constraint slack variables
and achieve preferential operations within a given objective
function. Borg’s multi-objective evolution algorithm (MOEA),
was used to search for Pareto Optimum across different
objectives. Stochastic demand and supply were generated
to capture a wide range of uncertainties which was then
sampled by a Latin Hyper Cube to make the computation
tractable. The potential implementation of near real-time
operational decision was explored using a Parallel Computing
environment so that results can be generated every month to
guide water resources managers.
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SESSION 4 | Deer Valley
Water Resources through Weather Modification
Research on the Design and Evaluation of Cloud-seeding
Program - Sarah Tessendorf, NCAR/RAL, Boulder, CO (coauthors - D. Blestrud, M. Kunkel, N. Dawson, S. Parkinson, J.
French, B. Lawrence)
Cloud-seeding is a technology being pursued for the
purpose of enhancing precipitation and snowmelt-driven
streamflow in several regions of the western U.S. The
National Center for Atmospheric Research (NCAR) has been
developing tools and methods to determine the feasibility
of cloud-seeding programs and estimate the impact of
cloud seeding on precipitation formation and fallout. These
tools include computer modeling capabilities as well as data
collected in field campaigns like the Wyoming Weather
Modification Pilot Program (WWMPP) and the Seeded
and Natural Orographic Wintertime clouds: the Idaho
Experiment (SNOWIE). Major advances in this research
have come from the increase in computational capabilities,
such as computing power, that have occurred over the
past decade. These computing advances allow very highresolution model simulations and/or very large numbers of
model simulations to be run. In addition, the development
of a new model parameterization that can simulate the
physics of cloud seeding with silver iodide (AgI) has
changed the way that cloud-seeding can be evaluated,
and provides a new method for designing and testing
the feasibility of a potential new cloud-seeding program.
Another major advance in cloud-seeding research comes
from the SNOWIE project, which deployed mobile radars
and a research aircraft into the mountains north of Boise,
Idaho to study the impacts of AgI seeding on orographic
clouds. During the 10-week campaign that ran between
January-March 2017, unambiguous seeding signatures were
observed by both the radars and the aircraft in at least three
cases. The aircraft flew inside the seeded clouds measuring
the amounts and habits of ice being formed from AgI
seeding, and the radars observed the newly formed snow
falling to the ground. This presentation will summarize the
latest observational and modeling research updates and
how these advances are being used to improve the design
of cloud-seeding programs and to estimate the impact of
cloud seeding.
Implementing Science Into An Operational Cloud Seeding
Project - Derek Blestrud, Idaho Power Company, Boise, ID
(co-authors - M. Kunkel, N. Dawson, S. Parkinson)
Idaho Power Company (IPC) is an investor owned utility
serving over a million customers in southern Idaho and
eastern Oregon. About half of the electricity delivered to
IPC’s customers comes from its 17 hydroelectric projects on
the Snake River and its tributaries. With hydropower being
such a significant component of the company’s generation
portfolio, snowpack is critical to IPC’s hydro operations
and the company has developed a winter orographic
cloud seeding program targeting the Snake River basin
to augment high elevation snowpack. Over the years,
IPC has worked with the Desert Research Institute (DRI),
National Center for Atmospheric Research (NCAR), Weather
Modification International (WMI), and numerous universities
to evaluate and assess different aspects of IPC’s cloud
seeding operations. This research has helped improve IPC’s
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understanding of how cloud seeding works in southern Idaho
and has guiding how IPC operates and assesses cloud seeding
today. This presentation will dissect the challenges and
successes of cloud seeding and how IPC has linked research
within an operational cloud seeding project.
The Physics Of Glaciogenic Cloud Seeding And Its Current
Application In The Western United States - Bruce Boe,
Weather Modification International, Fargo, ND
With demands for fresh water soaring across much of the
American West, cloud seeding is increasingly becoming a
tool that water managers are implementing to get water—
unavailable while in the atmosphere—to the surface, where
it can be used. Water thus produced is environmentallyfriendly, comparatively inexpensive, and a welcome addition
to the overall water supply picture. The scientific basis for the
seeding of cold clouds (those with the potential to contain
ice) is based upon the induction of ice formation in clouds
containing supercooled liquid water, in circumstances when
natural process do not immediately do so. The concept
of supercooled (unfrozen liquid in clouds at temperatures
colder than 0°C) is presented, and its impact on precipitation
efficiency explained. The use of artificial nucleants (seeding
agents) to improve cloud efficiency is described. The specific
characteristics of “seedable” clouds are given, along with the
methodologies presently being used by water managers in
ongoing cloud seeding programs in the western United States.
The impacts of seeding on the atmospheric water budget will
be reviewed.
Precipitation Augmentation Through Cloud Seeding In The
Western United States - Stephanie Beall, North American
Weather Consultants, Inc., Sandy, UT (co-author – D. Griffith)
Weather modification, more specifically cloud seeding,
has been employed for several decades to augment water
supplies in the Western United States. Some early programs
date back to the 1950’s and 1960’s that continue to be
operated in the Sierra Nevada of California. Other programs
developed in California in ensuing years. A number of
operational precipitation enhancement programs also began
in several other western states in the 1960’s, 1970’s and 1980’s
several of which continue to operate up to the present time.
More recent programs have continued to develop since the
1980’s. These programs typically operate during the winter
months and most are focused on enhancing snowpack over
targeted mountain ranges since most of the streamflow in
the western states results from snowmelt in the spring and
summer months. North American Weather Consultants
(NAWC) currently operates several programs in California
and Utah and one in Colorado. NAWC designs, operates
and evaluates these programs. Sponsors include water
conservancy districts, county commissions, water agencies,
non-profit organizations, utilities and state agencies. The
reasons for the sponsorship of these programs include
augmentation of streamflow for irrigated agricultural
purposes (in stream diversions and reservoir storage),
augmentation of municipal water supplies, and augmentation
of hydroelectric power production. The Weather Modification
Association’s 2016 Capabilities Statement indicates the
potential for seasonal average increases in precipitation from
5% to 15%. Some benefit/cost studies indicate that the cost of
producing this augmented water range from a few dollars to
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near one hundred dollars per acre-foot. Description of some
of these programs will be presented.
On The Use Of Cloud Seeding Technologies To Enhance
Water Supply - Tom DeFelice University of Colorado-Boulder,
Sheboygan, WI
Operational weather modification or cloud seeding activities
have been taking place in more than 50 countries over nearly
7 decades. Their technologies are scientifically designed
and engineered for the purpose of positively effecting the
natural precipitation process. Positively effecting the natural
precipitation process might for example be needed to undo
the negative impact(s) from natural and anthropogenic
processes or climate change for example. Cloud seeding
activities effectively enhance or augment precipitation
processes across the globe, with no significant, if any,
negative environmental impacts. This presentation provides
an overview of cloud seeding activities for increasing the
water supply. It provides a strategy for using cloud seeding
as part of a robust long-term solution to mitigate the effects
from changing climate by adding to the water supply.

MONDAY, NOVEMBER 4

3:30 pm - 5:00 pm
Concurrent Sessions - 5, 6, 7, 8
SESSION 5 | Brighton
Water & Energy Nexus
Assessing Reuse of Reclaimed Water for Energy Production
- May Wu, Argonne National Laboratory, Lemont, IL
Reclaimed wastewater is believed to be the most abundant
alternative water resource to freshwater. This is critical
to production in multiple sectors, the economy, and the
quality of living, not only in arid areas but also in regions
across the United States (U.S.). In this study, we applied a
Water Availability Index for reclaimed municipal wastewater
(WAI_M) to investigate the potential of using the wastewater
in the production of thermal electric power and liquid fuel,
and to determine its impact on ecosystem services with
a geospatial resolution. The WAI_M represents the ratio
of available reclaimed water resource to water demand.
A reclaimed water data inventory was established that
incorporates decades of facility-level and county-level
records. The data inventory is aggregated by the water
treatment level on a county basis. The WAI_M index is
applied to selected energy/fuel production scenarios,
as illustrated through three case studies: 1) power plant
cooling water in the state of Illinois, 2) irrigation for a future
Department of Energy bioenergy feedstock scenario for
the U.S., and 3) algae growth for drop-in fuel production in
the southern states. In each of these cases, WAI_M analyzes
the availability of the resource and accounts for the water
demand at the county level. Results are disseminated and
compared with base case WAIs, where stream and renewable
groundwater were used to meet the water demand for these
applications. Finally, we present a summary of discussions
that highlights ecosystem service perspectives, due to
freshwater resource conservation, potential cost benefits,
multiple reuse, and other issues. These comparisons support
the process of selecting applications that maximize the
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benefit of alternative water resource use, therefore, enables
well-informed decision-making.
Improving Sustainability Through Energy Management:
Experience Of 50 Water Utilities - Rob Sowby, Hansen, Allen
& Luce, Inc., South Jordan, UT
Energy management is a major sustainability opportunity
for water distribution systems. Almost all can save energy
through no-cost operational changes or fast-payback capital
projects—without threatening water quality or level of service.
Looking beyond equipment efficiencies, this session presents
the experiences and results of over 50 water utilities that have
recently completed an energy management program and
reaped the rewards of improved pressures, fewer maintenance
issues, greater ease of operation, and up to 25% energy
savings. Participants in this session will be introduced to the
tools and methods of energy management for water systems,
as well as common challenges and opportunities illustrated
through selected case studies.
Water-use Implications of Low-Carbon Pathways in the
Oil and Gas Sector - Thomas Patrick, University of Alberta,
Edmonton, Alberta, Canada (co-authors - M. Davis, A. Kumar)
Oil and gas is an important sector in the North American
economy, but is also both a major emitter of greenhouse
gases (GHG) and a major consumer of water. While many
strategies to mitigate greenhouse gas emissions from oil
and gas production have been proposed, associated wateruse impacts of these strategies have not been assessed to
a comparable degree, despite the crucial nexus between
energy and water in this sector. This research aims to quantify
and forecast the long-term water footprint of oil and gas
production pathways in Canada, a key North American energy
supplier. A data-intensive and technology-specific model of
oil and gas production with corresponding water withdrawal
and consumptive use has been developed using a bottom-up
approach, disaggregated where possible by resource, process,
and facility. Government, industrial, and published literature
is used to create a business-as-usual scenario until 2050,
along with various alternative low-carbon scenarios based
on differing policy decisions and penetration of low-carbon
technologies such as emerging production technologies,
process improvements, renewables, and carbon capture,
storage, and utilization. Marginal costs, GHG reduction
potential, and associated water-use impacts will be quantified
in the long-term. Results will be informative to industry
decision makers and policymakers on the tradeoffs between
GHG emission reduction and water use.
Investigating Effects of Water System Augmentation on
Energy Consumption and Financial Balance: Application of
System Dynamics Approach - Sangmin Shin, University of
Utah, Salt Lake City, UT (co-authors - D. Aziz, S. J. Burian)
Urban water infrastructures face sustainability challenges
from growing population, extreme hydrological events (e.g.,
drought), aging infrastructure components, and financial
deficits. These drivers generally promote augmentation
of water supply systems including water resources, water
treatment plants, and water distribution networks to achieve
water services required. The system augmentation options
may include expansion of water resources and treatment
capacity, extension of water distribution networks, and
installation of alternative water sources e.g., harvested
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rainwater and reclaimed water. However, water systems
are energy-intensive and thus the augmented system
requires more energy consumption for water production
and distribution. The system augmentation also lead to
installation of additional system components such as pumps,
dual pipes, and storage tanks and in turn entails a significant
capital and operational expenditure. Therefore, energy
availability and financial viability for the water systems need
to be satisfied for achieving water sustainability from system
augmentation. In this regard, this study has a purpose of
investigating effects of water system augmentation with
infrastructures on energy consumption and financial balance,
for a case study area in Pakistan. The water systems has a
complex system structure including multiple interactions and
feedbacks across water, energy, and finance components,
which can produce unexpected effects of the system
augmentation. Thus, this study employs a System Dynamics
(SD) approach, which is well suited to understand complex
feedback-driven systems and analyze their dynamic
behaviors over time. The SD model consists of sub-models
related to water demand, (alternative) water resources,
water treatment and distribution, system operation and
maintenance, energy demand and availability, and investment
costs and financial balance. The system augmentation effects
are evaluated by multiple indicators: water supply rate,
water availability, energy availability, cost recovery rate, and
financial balance. The results well show energy and financial
requirements depending on the water system augmentation
and demonstrate relationships between improved water
services and energy and financial requirements from the
system augmentation. The findings including the developed
SD model will provide insight on energy and financial
supports to achieve water sustainability through water
system augmentation and a useful tool for evaluation of the
system augmentation effects.

SESSION 6 | Snowbird
PANEL: Managing Coastal Cities of the Future
Data Capture, Analytics, and Visualization for Managing
Coastal Cities of the Future
Moderator: Sophia Rodriguez Booz Allen Hamilton, Austin,
TX
Panelists: Chandra S. Pathak, PhD, PE, F.ASCE; HQ USACE
Glady Singh, Precision Hawk, Raleigh, NC
Josh Lowe, AkitaBox, Madison, WI
Sea level rise and increased storm intensity present
enormous challenges to the infrastructure of coastal cities.
Planning, adaptation, emergency response, and resilience
will all benefit from better data on both natural and built
infrastructure. This panel will show how massive amounts
of data can be effectively analyzed and visualized to guide
effective decision making for coastal cities – today and in the
future.
A focus will be the emerging technology of “digital twin”
models, which are highly granular digital replications of
large and complex environments such as a campus, a city,
or region. Large amounts of new and existing data can
be embedded in the model for powerful, contextualized
visualizations. Disasters like hurricanes and floods can be
realistically simulated within the model to evaluate impacts
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and damages and options for mitigating these risks. The
panel will present a digital twin of Galveston Bay that was
developed for city planners and emergency management. The
project team acquired open data imagery from the Hurricane
Harvey event and additional real-time data from drones
and other sensors to assess and model water levels, water
quality, air quality, and other parameters. Artificial intelligence
techniques were used to identify people and assess damage.
This was coupled with infrastructure data to build out a 3D
flood event model, including simulation in a virtual reality
environment that allows for multiple stakeholder engagement
with the data.
Other examples will illustrate the key phases of effective
data capture, automation and utilization. The first phase is
automating and accelerating data capture by using unmanned
aerial systems. Strategically placed fixed sensors can then
provide continuous real-time data on critical assets. In the
second phase, autonomous analytic techniques will assess the
imagery and data captured. Machine intelligence algorithms
can be developed by training computers on key imagery of
infrastructure and the environment so that the algorithms
can learn and eventually perform real-time inspections
on collected imagery without human interaction. In the
final phase, various visualization platforms can be utilized
to enhance decision making through contextualized data
aggregation, modeling and simulation capabilities.
Finally, the panel will discuss the frontiers of this technology
and how they see it evolving. Ample time for audience
questions and interactions will be provided

SESSION 7 | Sundance
Encouraging More Reproducible Water Research
HydroShare: A Platform for Open Water Data - David
Tarboton, Utah State University, Logan, UT (co-authors – R.
Idaszak, J. S. Horsburgh, D. P. Ames, J. L. Goodall, A. Couch, P.
Dash, H. Yi, C. Bandaragoda, A. Castronova, M. Clark, R. Hooper,
S. Wang, M. Ramirez, J. Sadler, M. Morsy, S. Black, D. Yin, L.
Brazil)
HydroShare (www.hydroshare.org) is a hydrology-domain
specific data and model repository operated by the Consortium
of Universities for the Advancement of Hydrologic Science
Inc. (CUAHSI). HydroShare’s goal is to advance hydrologic
science by enabling researchers to more easily share data,
model and workflow products resulting from their research,
creating and supporting reproducibility of the results reported
in scientific publications. It supports the growing call for open
data that is findable, accessible, interoperable and reusable
(FAIR). HydroShare is comprised of two sets of functionality:
(1) a repository for users to share and publish data and models,
collectively referred to as resources, in a variety of formats, and
(2) web application tools that can act on content in HydroShare
for computational and visual analysis. Together these serve as
a platform for collaboration and gateway for computation that
integrates data storage, organization, discovery, and analysis
and that allows researchers to employ services beyond their
desktop computers to make data storage and manipulation
more reliable and scalable, while improving their ability to
collaborate and reproduce results. This presentation will
describe ongoing enhancements to HydroShare and some
of the challenges being faced in its design and ongoing
development. We report on efforts to refine the way data
and model content are formatted and stored within the
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system to better support storage, management, and sharing
of the diverse data involved with hydrologic data and model
studies. We have developed techniques that enable scientists
to organize and package data and models within a single
shareable unit, while still providing value-added tools for
known data types. Additionally, access to reproducible and
easy to use computational functionality is being advanced
using JupyterHub as a gateway to computing resources. This
collaborative and computational functionality provides an
important incentive by providing users with immediate value,
while meeting open data mandates and sharing data using
open standards.
Developments In Elevation-Derived Hydrography - Stephen
Aichele, US Geological Survey, New Cumberland, PA
The success of the U.S. Geological Survey 3D Elevation
Program (3DEP) and the advent of high-resolution elevation
data for more than 50 percent of the Nation, including nearly
all of Alaska, is driving efforts to delineate hydrography
from these data to meet both local needs and to support
continental-scale applications. Over the last several years,
several pilot projects have been executed to help USGS better
understand the opportunities and challenges of deriving
hydrography from high resolution elevation data. The pilot
projects have informed the development of specifications,
standards, and review processes to improve the quality of
elevation-derived hydrography. This presentation will review
the results of these pilot efforts, discuss current activities to
develop standards and specifications, and discuss potential
paths forward for developing elevation derived hydrography
on a National scale to meet local applications.
Evaluation Of Suitable Cloud Seeding Condition To Augment
Snowfall Over The Mountains In Utah - Binod Pokharel, Utah
State University, Logan, UT (co-authors - S. Wang, J. Meyer, H.
Gu, C. Hasenyager, R. Gillies)
Utah has a long history of glaciogenic cloud seeding dating
back to the1970s. Since then cloud seeding operations
covering most of Utah’s mountain ranges have been routinely
conducted to augment the winter snowfall. To provide the
suitable condition guidance for cloud seeding operation,
the Utah Climate Center has developed a high-resolution
operational forecasting model that aims to improve decision
making during cloud seeding operations. Beginning January
2019, the Weather Research and Forecasting (WRF)
model has been downscaling North American Mesoscale
(NAM) model. Forecast products focus on the presence of
supercooled liquid water, the vertical structure of temperature
and horizontal wind fields. In addition, we examine a longterm, high-resolution numerical modeling dataset to examine
the historical context of the cloud seeding season where
conditions are receptive to cloud seeding efforts. We examine
an important question on how supercooled liquid water and
orographic cloud condition varies as air navigates the series of
unique mountain ranges in Utah. This presentation will focus
on how the high-resolution model can be utilized to forecast
the cloud seeding condition and to develop a climatology of
suitable seeding condition over the mountains in Utah.
R Tools for Hydrology - David Blodgett, US Geological Survey,
Madison, WI (co-author – L. DeCicco)
In recent years, the ecosystem of packages for the opensource R programming language to serve the needs
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of hydrology has expanded dramatically. The USGS has
made a concerted effort to provide resources, training,
and tools for the R community to increase the efficiency
and reproducibility in hydrology research. There is even a
Comprehensive R Repository Network (CRAN) task view for
hydrology with over 100 packages applicable to hydrology!
This presentation will provide an overview of both general
packages for geoprocessing and data science and hydrology
specific packages to work with hydrography, observations,
and model data. Spatial and tabular processing techniques
that, until now, have only been available in relational data base
systems such as Postgres and PostGIS will be demonstrated
using examples that are approachable and familiar to water
resources practitioners. Hydrology specific applications such
as discovering and accessing observational data from USGS
and other sources, accessing and mapping with related
hydrographic data, and various spatial and temporal analysis
tasks. Particular focus will be put on general-use packages
developed by the USGS, such as dataRetrieval, nhdplusTools,
ncdfgeom, and EGRET. Not only is using R for hydro science a
big boost to what’s possible, it’s simple too! The presentation
will be accessible and useful to all levels of technical ability.

SESSION 8 | Deer Valley
Sustaining Watersheds & Wetlands
Consequences of Drying Lake Systems Around the World Andrea Bohmholdt, AECOM, Salt Lake City, UT
Great Salt Lake has significance from local to global levels,
given its standing as the largest salt water lake in the Western
Hemisphere, the eighth-largest terminal lake in the world,
and the $1.3 billion it contributes to the local economy.
Complementing this is a rich, diverse and unique ecosystem
that boasts premier wetlands, immense populations of
migratory birds, and a wealth of other terrestrial and aquatic
wildlife. However, this vitally important resource, and the
wetlands associated with it, is threatened by sustained,
declining water levels that will continue to severely and
adversely impact the ecological integrity of the resource, and
the economic viability and quality of life of those who rely
upon it. Great Salt Lake and other significant saline lakes
around the world are drying at alarming rates. Although saline
lakes naturally shrink and grow with natural climatic variation,
human impacts (such as diversions) can cause desiccation
that may not be possible to reverse without intervention.
Saline lakes provide a diverse range of ecological, sociological,
and economic benefits. As desiccation occurs, adverse
impacts are pervasive, not only for the flora and fauna of
these lake systems, but for the social well-being and health
of surrounding populations. When dry, saline lakebeds
present a public health hazard as they become sources of
fine dust that can be transported significant distances in dust
storms. Mitigation and restoration measures are needed to
return drying lakes to a more stable condition that retains
their substantial benefits. Such measures can be costly and,
therefore, should be selected, designed and implemented
strategically to maximize return on investment. To better
understand the implications of a drying of Great Salt
Lake, a review of the economic, social and environmental
consequences of “drying” lakes around the world was
conducted for the Utah DNR and the Great Salt Lake Advisory
Council. While there are more than 25 significant lakes drying
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around the world, this study focused on eight terminal saline
lakes that share characteristics with Great Salt Lake, namely:
Lake Urmia, Aral Sea, Lake Poopó, Owens Lake, Salton Sea,
Dead Sea, Bakhtegan Lake, and Mono Lake.
Managing And Restoring Lakes: An Integrated Approach Claire Bleser, Riley-Purgatory-Bluff Creek Watershed District,
Chanhassen, MN (co-author – S. Sobiech)
Managing and restoring our lakes is not as easy as following a
recipe. Instead, it requires a multi-faceted approach in order
to develop solutions that create a healthy lake environment.
In 2018, the Riley-Purgatory-Bluff Creek Watershed District
developed a Lake Management Decision Tree as part of
their 10-year strategic plan. The Lake Management Decision
Tree highlights the importance of looking at chemical,
physical and ecological indicators in overall lake health as
well as the feedback mechanisms between these indicators.
The development of the tree is based on over 20 years of
lake management. This tree highlights the importance of
monitoring and assessing the health of lakes. Each indicator
is broken down within the tree and actions steps identified.
Furthermore, the tree has allowed the District to be clear and
transparent with its constituents as to the actions the District
will be taking. This has allowed us to strengthen relations
between the District and lake associations. This presentation
will highlight the lake management decision tree, provide
examples of how the tree is utilized, showcase success stories,
and describe lessons learned. If you are interested in learning
about how fish can impact water quality, how to determine if
an internal phosphorus load control should be considered, or
how to utilize an integrated lake management approach, this
presentation is for you. Restoring our lakes has to be multifaceted for lakes to be healthy again.
Runoff Storage Potential of Drained Upland Depressions
on the Des Moines Lobe of Iowa - David Green, Iowa
State University, Ames, IA (co-authors - S.M. McDeid, W.G.
Crumpton)
We present estimates of the volumetric storage capacities
of currently drained upland depressions and catchment
depressional specific storage and runoff storage indices for
the Des Moines Lobe of Iowa (DMLIA) sub-region of the
Prairie Pothole Region of North America. Storage capacities
were determined using hydrologically enforced Light
Detection and Ranging-derived digital elevation models, and
a unique geoprocessing algorithm. Depressional specific
storage was estimated for each 12-digit Hydrologic Unit Code
(HUC12) watershed in the region from total catchment-specific
depressional storage volume and catchment area. Runoff
storage indices were calculated using catchment depressional
specific storage values and estimates of the amount of rainfall
likely to fall within each watershed during sub-annual and 1-,
2-, 5-, and 10-year 24-h events. The 173,171 identified drained
depressions in the DML-IA can store up to 903.5 Mm3 of
runoff. Most of this capacity is in depressions located in the
north of the region. Specific storage varies from nearly 109
mm in the younger landscapes to <10 mm in older more
eroded areas. For 95% of the HUC12 watersheds comprising
the region, depressional storage will likely be exhausted
by rainfall-derived runoff in excess of a 1-year 24-h event.
Rainfall amounts greater than a 5-year 24-h event will exceed
all available depressional storage. Therefore, the capacity
of drained depressions in the DML-IA to mitigate flooding
resulting from infrequent, but large, storm events is limited.
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H&H Modeling Support For Wetland Restoration Plan
Development: Examples From Florida - Roderick Cashe,
United States Infrastructure, Orlando, FL (co-authors – S.J.
Leicht, M.L. Frick, Cashe, M.B. Saxton, T. Sarker)
Tetra Tech was contracted by the U.S. Department of
Agriculture (USDA) Natural Resources Conservation
Service (NRCS) to prepare and design wetlands reserve
plan of operations for four sites in Florida under Easement
Restoration Agreements with NRCS. The goal and purpose are
to return the wetlands to historical ecological condition, to the
extent practical, by restoring wetland function. The function
is restored by altering the existing drainage pattern to retain
surface water runoff onsite without creating any ‘offsite’
impacts. “Offsite” is referring to adjacent areas outside of the
NRCS lease areas. These areas are upstream or downstream
of the project area. To achieve this goal, Tetra Tech performed
hydrologic and hydraulic modeling exercises (short-term
and long-term) to study existing and anticipated wetland
conditions as a support tool for the plan development. Each
of the wetlands have unique features in terms of surface
hydrology (i.e. rainfall, evapotranspiration, topography, area,
soil, vegetative cover, water quantity and quality etc.) and
it is challenging to simulate these features during model
development. Also, groundwater plays a significant role in
wetland function for long-term as development of the wetland
vegetation vastly depends on groundwater. Groundwater
fluctuates seasonally in the state of Florida. Recognizing this
fact, Tetra Tech’s team developed a two-dimensional model
that includes surface water and groundwater interactions.
The model can predict the stage and flow for the existing
and proposed change in the wetland system. The existing
condition model is calibrated and validated so that it can
recognize the future impacts of proposed change in the
wetland community. The model is simulated for several
scenarios to support the engineers and biologists to find
the optimal solution and design for the wetland restoration.
Engineers can design required water control structures (i.e.
weirs, embankments, ditches, ditch blocks etc.) with the
proper dimensions. On the other hand, biologists can suggest
the short-term and long-term vegetation requirement for
the restoration using the groundwater and surface water
modelling results.

TUESDAY, NOVEMBER 5
8:30 am - 10:00 am
Concurrent Sessions - 9, 10, 11, 12, 13
SESSION 9 | Brighton
Setting the Conditions for the Success of IWRM
Deep Engagement For Integrated Watershed Management
Planning - Mike Antos, Senior Integrated Water Management
Specialist, Stantec, Pasadena, CA
Water cycles through the environment, our built environment,
and our bodies. Watershed management, and integrated
water resources management, both rest on the principle that
all water uses, and users, are interdependent and connected
through a continuous human/natural system. Recognizing
this truth has led to decades-old efforts to prioritize systemsthinking and collective action related to water resources.
In Southern California, the Santa Ana River watershed is
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emblematic of these principles and has many successes
to share and lessons to teach. The Santa Ana Watershed
Project Authority (SAWPA) is a regional government agency
which is responsible for the One Water, One Watershed
(OWOW) Program. A key component of the program is
the OWOW Plan, which was recently updated to address
changing priorities and conditions, comply with new state
standards. The OWOW 2.0 Plan, completed in 2014, was
awarded the AWRA IWRM Award that year. Developing the
OWOW Plan Update 2018 began three years ago, with the
updated plan adopted early in 2019. The update addressed
changes in state policy, redoubled a focus on stakeholderled planning, and in many ways wove itself together the
California Water Plan Update 2018, produced by the
California Department of Water Resources. Understanding
that water resources, and decisions about water, exist at
different but linked scales is fundamental to the watershed
approach taken at SAWPA. This presentation will review the
OWOW Plan Update 2018, how it was created, and focus
on some of the key innovations including recommendations
by Tribal participants on achieving watershed goals and
a performance report card customized for the generalist
decision-makers. The key aspect of OWOW, however, is
the deep engagement strategies undertaken to ensure the
plan is made by and for all communities of the watershed.
The OWOW Plan Update 2018 is a critical tool for collective
action and watershed-scale management. As a regional plan
linked explicitly to the state plan, it acknowledges multiple
scales that effect relationships between water management
systems, climate systems, and socio-political systems. In
California all water uses and users are connected through the
environment, the economy, and the society. Integrated water
planning must be aware of where those linkages are smooth
and where they are fraught. The OWOW Plan Update 2018
is an important example of how collaborative effort can drive
towards more sustainable water management.

SESSION 10 | Alta
Ecosystem Management Tools
The Economic and Ecological Tradeoffs of Agricultural Water
Use Demand Management in the Upper Green River Basin
of Wyoming - Ellen Yeatman, University of Wyoming, Dept. of
Agricultural and Applied Economics, Laramie, WY (co-authors
– JK. Hansen, G. Paige, A. MacKinnon, J. Albers)
Agricultural water users in the Upper Green River Basin
(UGRB), a primary sub-basin of the Colorado River Basin,
participated in the System Conservation Pilot Program
during the 2015 through 2018 irrigation season. This
program explored the feasibility of a demand management
program that pays water users to temporarily reduce their
consumptive use of water to maintain the reservoir elevation
of Lake Powell needed to protect Colorado River compact
flow obligations and to maintain hydroelectric power
production. While demand management increases water
available for drought contingency storage, it can reduce the
presence of artificial, irrigation-dependent wetlands that
provide habitat for migratory waterfowl and reduce return
flows that provide late-season habitat for fish. Our objective
in this study is to model the economic and ecological
tradeoffs of compensated agricultural demand management
between three stylized study sites in the UGRB. We do
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this using an optimization model in GAMS that considers
location-specific economic (e.g., crop type/yield and variable
cost), hydrologic (e.g., soil type and timing of irrigation) and
ecological characteristics (e.g., presence of fish habitat and
of natural versus irrigation-dependent wetlands). In our
baseline scenario, landowners choose which crops to grow
to maximize profit subject to regulatory, hydrologic, and
ecological constraints. Then we add a demand management
program in which landowners are compensated at a fixed
rate for cropping activities that reduce consumptive water
use. Then we allow the compensation to vary by study
site, reflecting location-specific hydrologic and ecological
characteristics. Finally, we examine these three policy
scenarios with minimum consumptive use savings constraints.
The model output indicates spatial patterns of compensation,
consumptive use savings, and economic and ecological
change across the three study sites under each policy
scenario. Preliminary results suggest that spatial targeting of
demand management can improve overall cost-effectiveness
of a demand management program by accounting for
economic, hydrologic, and ecological heterogeneity within
the UGRB. There is some evidence that water use reductions
may change the composition of grasses and improve yields in
future growing seasons, which suggests that compensation
for water use reductions may not be necessary in the long run
once producers are familiar with new agronomic practices.
Oregon’s Statewide Aquatic Habitat Protection and
Restoration Priority Maps- Identifying Current Species Needs,
Impacts of Climate Change, and Focusing Investment - Anna
Pakenham Stevenson, ODFW, Salem, OR
As water becomes scarcer in Oregon due to climate change
and increase demand, developing creative water solutions
will become increasingly necessary. Oregon has begun
to address these challenges with the development of a
statewide Integrated Water Resource Strategy and a 100year Water Vision. Identifying fish and wildlife habitat (flow,
temperate and non-flow habitat) needs and priorities is
the greatest information gap in these planning processes.
Oregon Department of Fish and Wildlife (ODFW) has
developed a prioritization process that evaluates current
species habitat needs, identifies climate resilient areas, and
focuses work based on spatial and economic optimization.
This process will identify high priority areas for protection
and restoration, allow the state to make scientifically sound
management decisions, focus areas of work, and ensure that
species habitat needs are account for in the future. ODFW
is using the geographic distribution of instream protection,
the effectiveness of instream protections (i.e., wet water),
and overall habitat integrity to evaluate current species
habitat needs. To understand the impacts of climate change
on species distribution, ODFW is modeling changes in flow
timing, flow permanence, mean temperature, cold-water
resources and other aquatic habitats. Habitat protection and
restoration priorities are a result of spatial optimization- areas
that provide species connectivity and highest actualized
biological benefit, economic analysis- areas that have greatest
biological benefits for dollars invested, and stakeholder input.
The outcome of this work is a comprehensive assessment
of species water and habitat needs now and into the future.
This process will generate clear targets for habitat protection
and restoration, and a complementary economic analysis so

Final Program		

that state can strategically invest in the areas that will have
greatest species benefit.
Success of China Creek Water Storage and Fish
Enhancement Project - Felix Kristanovich, Ramboll, Seattle,
WA (co-author - G. Reub)
After three years of delay, the first phase of the China Creek
project was successfully constructed in the City of Centralia.
The Phase 1 project provided nine additional acre-ft of
storage during the 100-year flood, ten l acres of fish habitat,
and almost tripled exiting habitat/wetland restoration area.
The primary purpose of the project was reduction of peak
flood flows on China Creek that in turn contributes to flood
reduction in Chehalis River. The secondary purpose of
the project was improvement of fish habitat, creation and
enhancement of wetlands, and enhancement of recreational
opportunities. The project was culmination of five years
of efforts, that included (a) implementation of continuous
monitoring program on China Creek, (b) development of
hydrologic and hydraulic models for China Creek, and (c)
preparation of construction plans and specifications for the
two water storage sites. A detail hydrologic model (SWMM)
was constructed to assess watershed and stormwater
inflows to the creek and to assess water storage needs. A
separate hydraulic model (HEC-RAS) was also developed
to assess channel capacity, sediment transport, and fish
habitat enhancement features in the restored creek. The
HEC-RAS model was calibrated to the recorded water
surface elevations along the Creek. The calibration utilized
a comprehensive creek monitoring program in 2014-2015
(measuring flow, temperature and sediment data) at selected
locations of China Creek. The monitoring stations were
specifically installed for this project because there were no
existing stream-gages on the creek. The second phase of the
project has been designed utilizing 2-dimensional HEC-RAS
model to assess proposed flood storage and restoration
areas in Agnew Mills section of the creek. This phase of
the project is currently undergoing permitting review by
Corps pf Engineers, Washington Department of Ecology,
and Washington Department of Fish and Wildlife. The
construction is planned in 2020.
Environmental Water Markets - Brett Bovee, WestWater
Research, Fort Collins, CO
Presentation will be a summary overview of environmental
water markets in the Western US, including various
topics that will help the audience understand the market
drivers, transaction structures, and pricing influences for
environmental water deals in the West. Historical transaction
data will be provided to show that environmental uses make
up a significant portion of the annual volume of marketbased water transfers in the Western US, and a perspective
will be provided on the future of such market-based solutions
for environmental flow benefits.

SESSION 11 | Deer Valley
Decision Support Systems
A Risk-Based Decision Support System For Flood Operations
Of Lake Mendocino In Mendocino County, California - Chris
Delaney, Sonoma County Water Agency, Santa Rosa, CA (coauthors - M. Konieczki, R. Hartman, J. Mendoza, J. Jasperse, M.
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Ralph, C. Talbot)
In October 2018 the United States Army Corps of Engineers
(USACE) approved a request to incorporate forecasts into the
operations of Lake Mendocino for water year (WY) 2019. Lake
Mendocino is a 111,000 acre-foot reservoir located near Ukiah,
California, which is owned and operated for flood control by
the USACE and is operated for water supply by the Sonoma
Water. Lake Mendocino has been selected as the first pilot
project for the Forecast Informed Reservoir Operations (FIRO)
program, a multi-agency effort to incorporate precipitation
and flow forecasts to inform the operations of reservoirs. To
support Lake Mendocino operations for WY 2019, a decision
support system (DSS) was developed based on the framework
developed for the Yuba and Feather Rivers by the California
Department of Water Resources. The Lake Mendocino DSS
also includes a risk-based management tool called Ensemble
Forecast Operations (EFO) that utilizes 15-day ensemble
streamflow predictions issued by NOAA’s California-Nevada
River Forecast Center (CNRFC). The outcomes for WY 2019
support the findings of previous studies completed for Lake
Mendocino that FIRO can improve water supply reliability
without increasing flood risk to downstream communities.
Further efforts are being planned for implementation of FIRO
for WY 2020, and studies are currently underway to support
modification of the Lake Mendocino Water Control Manual for
permanent implementation of FIRO.
Forecasting Hydroecological Risks in Edwards Aquifer, Texas
- Ghazal Mohammadi, Texas Tech University, Lubbock, TX (coauthor - V. Uddameri)
The Balcones Fault Zone Edwards Aquifer in Texas is one
of the most productive aquifers in the United States and a
principal water source for the City of San Antonio and other
fast-growing communities in Central Texas. Being a Karst
formation, Edwards Aquifer responds quickly to climatic
events. Increased groundwater production from this aquifer
during dry periods reduces flows to springs in which the
aquifer discharges. Springs fed by the Edwards Aquifer are
provided habitats for several endangered species. Therefore,
alterations to hydrologic regime of this aquifer can have
profound economic and ecological implications. Central Texas
is also a climate hot-spot and global climate models project
the region to become progressively warmer. The precipitation
in the region is also erratic and is expected to show greater
variability with increased frequencies of droughts. The
aquifer is actively managed in recent times and curtailment
of production in response to hydroecological triggers (water
levels in index wells, Comal and San Marcos springs falling
below a certain threshold) is in place. Groundwater production
curtailments in response to hydroecological triggers are
severe and can be almost 40% at times causing severe
economic losses and hardships. Will the risk of falling below
specified ecohydrological thresholds (leading to production
curtailment) worsen due to future climate change? Is therefore
a fundamental question pertaining to the management of
this aquifer? Machine learning algorithms such as Artificial
Neural Network models are used to model highly nonlinear
relationships between hydroecological conditions (water
levels, spring discharges, and groundwater production) and
climate factors (precipitation, temperature). These models are
calibrated to historical data and coupled with an ensemble of
downscaled global climate models (GCMs) to assess future

11 | AWRA in Salt Lake City		

risks which will be discussed in this presentation.
Real-Time Data Analytics for Water Utilities: Case Studies
in Innovation and Technology Adoption - Benjamin
Stanford, Hazen and Sawyer, P.C., Lakewood, CO
Buzz words in technology innovation and adoption abound,
but remarkably few case studies have been presented in
the water sector demonstrating the power of tools such
as machine learning (ML) and artificial intelligence (AI)based decision support systems, despite the availability of
packages and platforms that can be implemented at water
utilities. While there is much interest in innovation at utilities,
there is often a perceived barrier that new technologies
are too expensive, require too much time to implement,
and have an unknown return on investment. Likewise, few
case studies have been made available to demonstrate how
these technologies can be implemented and what benefits
they provide to the utility, making it more difficult to garner
support from key decision makers. Multiple vendors have
developed ML and AI solutions for industry and electric
utilities with varying levels of enterprise-wide connectivity,
decision support, knowledge management, and true platform
capability that allow multiple applications to work in concert
with each other. Additionally, each vendor provides solutions
that range from plug-and-play options to ones that require a
high degree of customization for a utility. In this presentation
an introduction to innovation strategy and technology
evaluation will be discussed. Then, several commercially
available technologies will be reviewed through the lens of
“user stories” that define how and why certain technologies
have benefits for different types of applications. Finally, case
studies will be presented of how these technologies are being
used at utilities and what benefits have been realized from the
implementation of the technologies.
A Multi-Criteria Decision Analysis and System Dynamics
Model to Spatially Assess Managed Aquifer Recharge
Suitability in the Yakima Basin, Washington, USA - Maria
Gibson, Oregon State University, Bandon, OR (co-author - M.
Campana)
In the United States, managed aquifer recharge (MAR) has
been slow to take shape as a water storage and supply tool
in comparison to other methods. Although interest does
not inhibit project implementation, many factors beyond
hydrogeologic characteristics can constrain its potential.
With technological advances in remote sensing, geographical
information system (GIS), and complex decision-making
software, MAR potential can be simultaneously assessed on
a variety of spatial scales and conditions prior to extensive
fieldwork. This integrated approach can be used to identify
suitable MAR locations, potential surface water diversions,
timing and recovery of stored water, hydrogeologic dynamics,
watershed factors, environmental conditions, and policy
considerations. The following presentation describes
a methodology developed to assess MAR potential in
six structural basins within the Yakima River watershed,
Washington, USA. Results from of a multi-criteria decision
analysis using an analytical hierarchy process was integrated
into a system dynamics model in STELLA that revealed
surface water diversions limited MAR prospects in the basin;
however, wintertime surface water was historically available for
recharge to augment summertime flows. Satellite imagery was
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analyzed to identify standing water in winter to further reduce
suitable MAR locations, and an analytical fabric with recharge
rates was executed within GIS to pinpoint infiltration and
injection capacity at point locations for each basin.

SESSION 12 | Snowbird
Infrastructure Needs & Opportunities
Obstacles and Successes Among Community-Based,
Place-Based Water Research Education Programs and
Communicating Scientific Information with the Public Teresa Thornton, GET WET!, Stuart, FL
Once termed Citizen Science, community-based and
place-based programs engage professionals and laymen in
interdisciplinary, social experiences that directly benefit the
areas in which they reside. They elevate the curriculum and
confidence of student participants, and increase the breadth
and depth of social networks immersed in source water
protection. They also enable local governing organizations to
distribute important information to communities and allow
for increased stakeholder buy-in towards solving complicated
water protection dilemmas. Using community-based field
researchers improves participant knowledge regarding source
water health, aids in evaluative and processing skills, increases
citizen-initiated civic action, and develops a dialogue within
the supporting organization and surrounding communities.
The creation of place-based projects as community classes,
can generate interest that leads to voluntary participation in
independent environmental research, greater involvement
in local environmental community service projects, the
development of field research projects, and an interest in
water resources at the college or career level. Additionally,
participants in CBEMR programs express value in the process
when local and federal environmental governing agencies
request the data. They stated that they felt empowered and
confident in their field sampling and research analysis skills
in part because they worked with the professionals directly
as mentors, analyzed data in college or private BSL certified
laboratories, and were required to produce a final product that
was to be presented or submitted to professionals as well as
their neighbors. This presentation will describe a variety of
curriculum-based research projects, and community-based,
place-based programs developed by and for students from
middle to graduate school with a description of methodologies
to plan and expedite investigations, analyze and interpret
data, construct explanations, and design solutions. All of these
methodologies can easily be transformed for community
organizations, non-governmental environmental groups,
science museums, and other institutions as well as aid in
the curriculum development of summer and holiday camps.
However, sustainability and maintenance of programs requires
the recognition that analysis, synthesis, and valid data
collection is important to the valuable agency of engaged
citizen action research.
Development of Community Infrastructure Resilience Indices:
Recommendations and Considerations - Emmanuel Nzewi,
Prairie View A&M University, Prairie View, TX (co-author – H.
Zhang)
The development of community infrastructure resiliency
indices in the context of stormwater and related infrastructure
is the focus of this study. Rating systems like Envison and
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LEED (Leadership in Leadership in Energy and Environmental
Design) have been implemented to score attributes of
infrastructure systems. Considerations and recommendations
for developing measures of and/or ratings of resiliency will
be presented. Extreme events like the 2017 Hurricane Harvey
draw attention to the importance of developing measures
or estimates of the vulnerability of stormwater management
systems and other infrastructure. In order to maximize
community resiliency, it is necessary to demonstrate how
investments made to upgrade or harden community systems
can improve infrastructure resiliency. This study considers
the four factors used to collectively define resiliency are:
robustness, redundancy, resourcefulness and rapidity of
recovery. Lessons drawn from existing rating systems like
LEED and Envision form a basis for this discussion.
Comparing Flow Reductions Of Four Green Infrastructure
Systems In A Roadside Environment And Early Results From
Groundwater Monitoring Receiving Infiltrated Runoff Gail
Hayes, University of Virginia, Charlottesville, VA (co-authors C. Burgis, W. Zhang, J. A. Smith, D. Henderson)
Green stormwater infrastructure (GSI) is an infiltration-based
stormwater management technique with a demonstrated
ability to mediate the negative effects of stormwater, greatly
reducing the impacts of runoff by infiltrating it as close
to its source as possible. Though the benefits have been
demonstrated, there are still gaps in the knowledge of GSI,
two of which this study seeks to address. First, there is
little information on comparative performance of different,
independent GSI types given similar or near identical
conditions. Second, there is little information on the fate of
infiltrated stormwater and its effect on the groundwater in
its vicinity. In this study, a bioretention and three types of
swales with varying infiltration capabilities all located along
a 4-lane divided road in northern Virginia are instrumented
and monitored for total flow reduction. Additionally, the area
immediately surrounding the bioretention is equipped with
monitoring wells for identifying sub-surface flow patterns of
the infiltrated road runoff. Stormwater flow monitoring has
been successfully conducted at the site for all four systems
since June of 2018 with almost 46 events monitored for the
bioretention and approximately 40 for each swale (as of
spring 2019). Rain depths for monitored events ranged from
0.18 to 2.86 inches with an average depth of 1.18 ± 0.77 inches.
Considering events with over 3 inches of rain to be extreme
and therefore omitted, results of flow monitoring indicate
that the bioretention reduces flow by approximately 63.6%
(± 12.8), the type 1 swale by 68.2% (± 26.9), type 2 swale by
70.4% (± 19.9), and the type 3 swale by 47.9% (± 27.9). Early
results from groundwater monitoring show the water table
at 8 – 10 feet below ground surface around the bioretention
with quick response to stormwater infiltration. Installation of
a network of 10 wells was finished during the spring of 2019
with hydraulic gradient determined soon after. In addition
to comparing the first year of flow reductions and early
groundwater data, this presentation will include discussion of
effective stormwater monitoring field techniques and lessons
learned.
Stormwater Infrastructure in Washington: Assessing Needs Meeting Challenges - Rabia Ahmed, Greene Economics, LLC,
Lynnwood, WA (co-author - G. Greene, J. Sawyer)
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Water managers throughout the United States and the world
are struggling to better understand and control stormwater.
As we learn more about stormwater and the adverse impacts
it has on our environment and economy, the technological
and financial challenges continue to mount with changing
land use and climatic conditions. Planning for public
investment in stormwater infrastructure is also complicated
with uncertainty regarding performance and cost, lack of
institutional capacity, and lack of funding. Washington
State has one of the most active, innovative, and effective
stormwater management programs in the nation. Regulatory
initiatives and technical support programs assist municipalities
in addressing local stormwater issues. However, Washington
faces obstacles with respect to funding, public education,
and legal considerations. Conservative estimates suggest
that over the next 20 years, nearly $18.7 billion in investment
funding may be needed in the State to address stormwater
management. Nonetheless, stakeholder-coordinated efforts
and partnerships are raising awareness about stormwater.
Funding challenges are being addressed through legacy
stormwater utilities paired with innovative newer strategies.
Two key themes have emerged in recent years for successfully
addressing stormwater in Washington State and elsewhere.
The first theme embraces green infrastructure or “naturebased” solutions, while the second is the evolution of creative
funding strategies, such as: performance bonds; water
quality trading; and a variety of economic incentives. The
questions facing planners going forward include whether
the planned expenditures are adequate to fund currently
anticipated stormwater infrastructure investment need,
and are these plans and projections adequate in the face
of uncertain demand and climate change? Unfortunately,
these may not be answered with a resounding “yes” in
Washington State. However, Washington State is still on the
forefront of innovations in stormwater management. The
status of stormwater utility payments is one of the highest
in the nation, and recent funding innovations are proving to
be effective in tackling the funding challenge. Further, the
development of green infrastructure support and collaborative
watershed partnerships appear to be on track for success.
This presentation will summarize the challenges to stormwater
infrastructure planning and investment in Washington State,
highlighting some interesting approaches under consideration
for Washington and elsewhere.

SESSION 13 | Sundance
Aquifer Recharge & Flow Modeling
Characterizing MAR Basins with Fiber Optic Distributed
Temperature Sensing - Matthew Becker, California State
University Long Beach, Long Beach, CA (co-authors - A.
Hutchinson)
Infiltration (spreading) basins are a standard approach to
managed aquifer recharge (MAR) operations. However,
managing infiltration basins can be complicated by dry
antecedent moisture content, strata of naturally low
permeability, clogging from suspended solids and and
biological growth among other factors. Understanding
the dynamics of percolation in light of these complicating
factors provides a basis for making management decisions
to maximize recharge efficiency. As an aid to understanding
percolation dynamics, Orange County Water District installed
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fiber optic distribute temperature sensing (DTS) systems in
several infiltration basins. Diurnal oscillations in surface water
temperature are used as a tracer of percolation at depth.
DTS fiber optic cable was installed in basins so that the time
lag between the oscillating temperature at the surface and
at depth could be used to measure the areal distribution of
percolation rate and how it changes over time. Horizontal
cables were installed in shallow trenches and a vertical cable
was installed using direct-push technology. In this way, the
both the lateral and vertical variations in water movement
could be measured with dense spatial resolution (every 0.1-1
m). Data analysis showed that thin layers of fine grained
sediments caused transient perching and drove water laterally
away from the center of the basins. Some areas of the basin
percolated rapidly while others essentially provided no
percolation. This data allows for an evaluation of the effect of
draining, drying, and scraping through time. We will review
both the installation methods and the value of the data of
this monitoring technique in the context of infiltration basin
management.
Comparing Single-Objective Optimization Protocols To
Calibrate A Modflow Model Of The Birds Nest Aquifer Richard Lyons, Utah State University, Logan, UT
Calibrating groundwater flow simulation models can be
tedious. Automated calibration algorithms can help simplify
and speed up calibration. PEST and PEST++, parameter
estimation programs commonly used to calibrate MODFLOW
models, can be effective at approaching local minima.
Through its libraries, the Python programming language
allows for simple and easily adjustable optimization and
calibration of MODFLOW models. We compare performance
of PEST against Python libraries that assist in identifying
the global minimum. The Python libraries used are:
SwarmPackagePy, a swarm optimization algorithm library
that includes the Gray Wolf Optimization (gwo) algorithm,
PySOT, an optimization algorithm with a Radial Basis
Function surrogate simulator, and pyswarm, an evolutionary
algorithm library that uses particle swarm optimization (pso).
We applied the optimization protocols to calibrate a flow
simulation model of the complex Birds Nest aquifer, a threelayer system having eight hydrologic conductivity zones and
25 observation wells. Based on averages of 15 optimization
runs per optimizer, of nearly 10,000 iterations per run, gwo
had the best calibration. Gwo produced a 22 percent lower
sum of squared differences than pySOT, the next lowest
optimizer. Gwo also made the best single optimization run,
although, that run’s sum of squared differences was less than
one percent lower than the best pso run. Each optimizer
searches the solution space in a unique manner that affects
the optimizer’s relative solution speed. Additionally, the
simplicity of implementation of each optimizer varies and may
be a factor in optimizer choice.
Increasing Sustained Water Supply By Optimizing
Stormwater And Asr Use To Provide Secondary Water For
Turf Irrigation - Saeid Masoudiashtiani, Utah State University,
Logan, UT (co-author - R. C. Peralta)
To evaluate possibility of increasing sustainable water use,
we simulate and optimize Aquifer Storage and Recovery
(ASR). During a period of high surface water flow, the system
injects stormwater runoff via a well that penetrates a shallow
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unconfined aquifer. During the subsequent dry growing
season, the ASR system extracts the injectate to support
turf irrigation. Presented software aids ASR system design
that will minimize injectate spread within the aquifer. The
software predicts the proportion of injected water that can be
extracted from the same well to provide a secondary water
source for nearby turf. To demonstrate potential application,
we hierarchically link a groundwater model of Utah’s Salt
Lake Valley, a sub-system model of dynamic hydraulically
linked stream and aquifer, and an ASR simulation-optimization
model. We consider aspects of water rights and use of both
vertical tube wells and radial collector wells. Although costing
more than tube wells of comparable flow, collector wells
produce less drawdown.
Harvesting Glacial Meltwater and Early Snowmelt with
Managed Aquifer Recharge - Michael Campana, Oregon State
University, Corvallis, O (co-author - TM. Gibson)
In response to global warming, some mountain glaciers are
melting at accelerated rates. This is not unique to exotic
locales such as the Andes and Himalayas; some permanent
glaciers in North America are shrinking and are en route to
extinction. In the USA the best example of this phenomenon
is Glacier National Park in Montana, which could be glacierfree by the middle of this century. In western Oregon and
Washington some of the highest elevations in the Cascade
Range are losing permanent glaciers. In addition, early
snowmelt in the Cascades and elsewhere has the potential
for harvesting. Glaciers and snowpack provide humanity
and natural 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 and
recharges 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, the equilibrium
is destroyed. The volume of the glacier shrinks, and if the
disequilibrium continues, the glacier will disappear entirely.
Managed Aquifer Recharge (MAR) could capture ‘excess’
meltwater – the amount coming out of storage that is available
– before the glacier disappears altogether. Early snowmelt could
also be captured. Such groundwater storage would not be a
permanent, sustainable solution to freshwater shortages, but
might provide time to permit the development of alternatives
to ensure survival of ecosystems and humans. The presentation
will: 1) explore some of the advantages and disadvantages
of subsurface storage to salvage glacial meltwater and early
snowmelt; 2) speculate where such schemes might work and
would be needed; and 3) discuss a recent MAR project in the
Yakima River basin in Washington, USA.

TUESDAY, NOVEMBER 5
10:30 am - 12:00 pm
Concurrent Sessions - 14, 15, 16, 17, 18
SESSION 14 | Brighton
IWRM I
Normandale Lake: A Holistic Approach To Improving The
Water Quality And Ecology Of A Shallow, Urban Lake - Erica
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Sniegowski, Nine Mile Creek Watershed District, Eden Prairie,
MN (co-author - J. Kieffer)
Normandale Lake is a shallow, 100-acre lake located along
Nine Mile Creek in Bloomington, Minnesota. The lake
was constructed in the late 1970s by the Nine Mile Creek
Watershed District (NMCWD) and City of Bloomington
for flood control. Since then, the lake has become a local
amenity, with walking and biking paths, a bandshell, and
many community events held at the location each year. Poor
water quality, frequent algal blooms, and an abundance
of invasive curly-leaf pondweed and other aquatic plants
prompted strong public and city support for a water quality
improvement project in recent years. A 2017 study by the
NMCWD concluded that internal phosphorus loading and the
presence of dense aquatic vegetation, specifically curly-leaf
pondweed, were degrading water quality and the health of the
aquatic communities. To remedy the situation, the NMCWD
has embarked on a holistic lake management program that
includes a lake drawdown to freeze the lake bottom sediments
and kill invasive curly-leaf pondweed, an alum treatment to
prevent the internal release of phosphorus from lake bottom
sediments, and planning for future carp management. In
late-summer of 2018, the NMCWD began drawing down
Normandale Lake by pumping and installation of a permanent
bypass pipe. With Nine Mile Creek flowing through the
lake, the full drawdown of water levels posed a significant
challenge. The lake was fully drawn down by early-November
and by mid-February of 2019 the top 15-24 inches of lake
sediment were frozen. The effectiveness of the drawdown
in reducing curly-leaf pondweed was assessed during the
summer of 2019 by conducting two aquatic plant surveys and
plant biomass assessments. Curly-leaf pondweed sediment
turion (a type of overwintering bud that can produce new
plants) sampling was also conducted to assess the potential
for invasive plant regrowth. To reduce internal phosphorous
loading, the NMCWD conducted an alum treatment in spring
2019. The NMCWD is also tracking carp to plan for future
carp management. This presentation will highlight the lake
management decision making process, how the project
was carried out, including challenges and successes, and
preliminary results from the project.
Harmful Algal Blooms: Forecasting, Monitoring and Managing
the Next Threat - Claire Bleser, Wenck, Golden Valley, MN
Harmful Algal Blooms (HABs) are an emerging concern for
lake and reservoir managers. To compound the problem
HABs are difficult to predict. Thus HAB management includes
three facets: Forecasting, Monitoring and Management, in
order to efficiently protect public health for both recreation
and water supply.The goal of this presentation is to provide
guidance to lake and reservoir managers for HAB forecasting
risk assessment, monitoring plan development and costeffective HAB control strategies. We will discuss potential
risks faced by lakes and reservoirs, selection and optimization
of HAB monitoring programs throughout the watershed and
alternatives for control strategies for the diverse water bodies.
HABs are a timely water quality issue that must be addressed
using integrated management approach. It is critical for lake
and reservoir managers to understand risk factors, sampling
protocols and effective control strategies before a HAB occurs
to increase confidence in local water quality and minimize
ecologic and public risk.
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Keeping a Stakeholder Group Collaborating Over Seven Years
and Counting – Update on the Yakima Basin Integrated Plan
- Jenna Scholz, HDR Engineering, Inc., Olympia, WA (coauthor - G. Christensen, T. Tebb)
In 2012, the American Water Resources Association honored
the Yakima River Basin Water Enhancement Project
(YRBWEP) Workgroup with the Association’s first ever
Integrated Water Resources Management Award. The award
noted that the YRBWEP Workgroup, “exemplifies the
coordinated development and management of water, land and
related resources to maximize economic and social welfare
without compromising the sustainability of ecosystems and
the environment.” After three years of effort to develop
unprecedented stakeholder consensus, the Workgroup had
just promulgated the Yakima Basin Integrated Plan (Integrated
Plan), consisting of seven separate elements to enhance water
resources in the basin, including Fish Passage, Structural and
Operational Changes, Surface Storage, Enhanced Water
Conservation, Groundwater Storage, Habitat Protection and
Enhancement, and Market Reallocation. The total cost of all
actions in the plan was estimated to be approximately $4
Billion. Since then, the two lead agencies and a diverse
stakeholder group have worked together to seek
authorizations and funding for implementation, gotten a host
of smaller projects on-the-ground, and worked through the
labyrinth of processes necessary for very large, water
infrastructure to be developed. The presentation will focus on
the group dynamics, leadership, and incentives that have kept
the group working well together through good times and bad.
We will review essential building blocks such as the 2012
Programmatic Environmental Impact Statement; an
unexpected $100 million appropriation that almost upset the
apple cart; how an irrigation district stepped forward to take
on a major implementation responsibility, and the grinding
work needed through four successive State legislative
budgets, and multiple runs at federal legislation that finally
succeeded in 2019. This story will help others engaged in
large-scale, integrated, stakeholder processes learn lessons for
advancing their own programs from adopted plan to
implementation. Note: This talk complements a separate
abstract submitted by Steve Thurin that is also about the
Yakima Basin Integrated Plan. These talks cover very different
aspects of the program. It is not critical they be placed in the
same session.
Predictive Statistical Modeling For Forest-Cover Change In
Lower Mekong Basin - Sapana Lohani, University of Nevada
Reno, Logan, UT (co-authors – P. Weisberg, T. Dilts, S. E. Null)
The Mekong River is one of the world’s important river
systems, known for its unique flood pulse hydrology,
productivity, and human dependency in one of the world’s
poorest and most underdeveloped regions. Flooded forests
provide critical terrestrial nutrient inputs and habitat for a wide
range of fishes. However, the Mekong River is under threat
from anthropogenic stressors, including loss of forest cover
and land-use change. We investigated the spatiotemporal
pattern of deforestation in the Cambodian Mekong Basin as
the intersection of biophysical processes with human landuse practices. Our study applied a machine learning approach
to hindcast tree cover change over a 29-year period (19882016) using the Landsat satellite archive. We developed
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statistical, predictive models of deforestation as influenced
by dams and associated infrastructure, hydrology (inundation
timing and extent), climate change, fire, socio-economic
variables (population density, proximity to roads), proximity
to previous deforestation, and previous forest fragmentation.
Preliminary results showed that more than 40% of the primary
forests were deforested over our 29-year study period,
with relatively more deforestation in floodplain areas than
upland areas. Future hydroelectric developments and climate
change potentially contribute to deforestation in the Lower
Mekong Basin, with repercussions on flooded forests, riparian
ecosystems, fisheries, and food security.

SESSION 15 | Alta
Enhancing Habitat & Thwarting Invasive Species
Lower Scotts Creek Floodplain And Habitat Enhancement Tyler Davis, California Polytechnic State University, San Luis
Obispo, Davenport, CA (co-authors - B. Dietterick, M. Savan)
An effort to improve the habitat conditions for Endangered
Species Act (ESA) listed salmonid species took place
along 1.5 km of Lower Scotts Creek in Santa Cruz County
during the implementation of a three phase floodplain and
habitat enhancement project. The project addresses the
anthropogenic modifications to the stream, notably the
levee system that was built during the construction of the
Highway-1 bridge over the Scotts Creek estuary in 1938
that significantly reduced stream habitat complexity and
contributed to the decline of salmonid populations in the
Scotts Creek watershed. Scotts Creek provides habitat for
the southernmost persistent population of the endangered
Central California Coast (CCC) Coho Salmon Oncorhynchus
kistutch evolutionarily significant unit (ESU) and has been a
focal point for CCC Coho Salmon recovery in California. The
Lower Scotts Creek Floodplain and Habitat Enhancement
Project was designed to promote floodplain activation and
improve instream habitat for salmonid species primarily
by increasing wood loading in the channel. Large wood
features consisting of redwood logs, locally-sourced redwood
rootwads, imported granite boulders, in-situ red alders and
steel couplers were constructed in Phase I and II. A Life
Cycle Assessment (LCA) of Phase I and II led the designers
to minimize the use of imported materials and coupler
connections and focus on the utilization of in-situ red alders
in Phase III. An ongoing monitoring program was designed
to evaluate the project performance and effectiveness.
Survivorship, durability and stability of instream large
wood were monitored. Results after two flow seasons were
significant in defining pools, initiating thalweg meander,
recruiting in-situ hardwoods and promoting activation of
significant off-channel refuge habitat features. Evaluation
of the project performance and quantification of life cycle
impacts will inform future habitat enhancement efforts on
effective stream restoration methods with a reduced carbon
footprint and cost.
Streamflow Restoration: Addressing The Challenges Of
Water Development In A Scarcity Environment - Michael
Noone, Washington Department of Ecology, Olympia, WA
Washington faces many of the challenges that vex other
western water law states; climate change, conflicting
demands for water, highly appropriated surface and
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groundwater systems, and the need to continue to allow
for growth while also protecting environmental quality. The
Department of Ecology was given a powerful tool to address
these issues, with the passage of 90.94 RCW, on 1/19/18.
90.94, also known as “Streamflow Restoration”, was passed
by the Washington legislature in order to address the State
Supreme Court Hirst Decision. The Hirst Decision found that
a WA county failed to comply with their legal requirements
to protect water resources. The ruling required the county to
make an independent decision about legal water availability.
The Court said that water was not legally available if a new
permit exempt domestic well (PE well) would impact a
protected river or stream, or an existing senior water right.
This effectively halted new home construction where PE
wells were the only source of domestic water supply. 90.94
allowed for the drilling of new PE wells, but it also required
15 watershed groups to update or create water plans to
calculate the total number of new PE wells that will be drilled
from 2018-2038, as well as their consumptive use, and then
identify locally-driven actions necessary to “offset” that
consumptive use. 90.94 made $300 million available to for
projects that support the law’s goals. In the event that a
watershed group is unable to accomplish these requirements,
the Washington Department of Ecology is required to initiate
a statewide process, which will accomplish an offset of 20182038 PE wells. The presentation will provide a status update
on the 90.94 process, after two watersheds have reached
their legal deadlines for plan completion, with opposite
outcomes, and the progress of remaining 13 watersheds in
their quest to address a fundamental challenge of western
water appropriations.
Achieving Recovery through Cooperation: The Story of an
Endangered Species in Utah Lake - Michael Mills, June Sucker
Recovery Implementation Program, Orem, UT
The June sucker (Chasmistes liorus), a fish endemic to
Utah Lake, was listed as an endangered species in 1986.
The threats to the species’ survival at the time included
the alteration of habitat, particularly the dewatering and
channelization of tributaries to Utah Lake, which prevented
access to spawning habitat and threatened the survival of
spawning fish. These impacts, combined with other threats
to the species, resulted in the population being estimated
at fewer than 1,000 individuals in the mid 1990’s. Recovery
actions for the species have been implemented under the
June Sucker Recovery Implementation Program (JSRIP),
which was formed in 2002. The JSRIP works towards the
dual goals of recovering the June sucker so that it no longer
requires protection under the Endangered Species Act and
allowing the continued use and development of water within
the Utah Lake basin. Today, thousands of adult June sucker
migrate up the tributaries of Utah Lake as part of annual
spawning runs and produce millions of larval fish. While the
JSRIP has celebrated the population increase, considerable
threats to the species’ continued survival remain. Increasing
demands for water present challenges in providing adequate
in-stream flows to support spawning fish while still meeting
the needs of municipal and agricultural interests. Additionally
the introduction of non-native fish has destroyed habitat and
increased predatory threats on the species. Overcoming
these and other threats requires large scale habitat projects
within an increasingly urban area. As a new recovery plan for
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the species is drafted by the Fish and Wildlife Service, the
JSRIP must maintain an adaptable approach to address the
existing threats and prepare for future challenges in order to
achieve its goals.
Asian Carp, The Chicago Area Water System, And Aquatic
Invasive Species Management In The Great Lakes - Charles
Lyons, Utah Attorney General Office - Division of Natural
Resources, Salt Lake City, UT
Aquatic Invasive Species (AIS) management is an essential
component to the health, integrity, and conservation of
the Great Lakes as a whole. Asian carp is the most recent
AIS threat to the region. While litigation and interstate
agreements have not stemmed the fear of the potential
effects of the introduction of Asian carp to the Great Lakes,
it has encouraged agency action to address the issue.
However, the success of implementing proposed measures
requires funding and congressional approval with questions
regarding their efficacy remaining unknown. Due to the lack
of a comprehensive overarching federal statute addressing
AIS management in its varied forms, and the courts’
unwillingness to act in an area better suited to legislative
solutions, potential solutions that are currently in place simply
do not address the problems posed by AIS quickly enough.
Based on the history and contentious nature of the Chicago
Area Water System (CAWS) in relation to other Great Lakes
states, the Asian carp problem may just be another chapter
in an ongoing saga that will only conclude with complete
hydrological separation of the Mississippi River from the Great
Lakes system.

SESSION 16 | Deer Valley
Modeling & Forecasting
Comparing Machine Learning Methods For Dynamically
Identifying Future Water Supply Vulnerabilities In The
Northern California Reservoir System - Bethany Robinson,
UC Davis, Davis, CA (co-authors - J. Herman, J. Cohen)
Adaptation to climate change will depend on the ability to
identify signals in observed hydrologic data that reliably
indicate future vulnerabilities. This study compares a variety
of machine learning methods for this purpose, testing
which of multiple indicator variables can predict changes
in reservoir supply reliability (regression) and binary
vulnerability outcomes (classification) over lead times
between 0 and 20 years. Methods are tested using a multireservoir simulation model called Operation of Reservoirs in
California (ORCA) to simulate the reliability of the northern
California reservoir system for an ensemble of downscaled
CMIP5 inflow scenarios. The indicator variables and reliability
metrics are calculated dynamically over multiple rolling
windows to identify trends in observations. Regression
methods are compared using R-squared, while classification
methods are compared using precision and recall. Common
issues such as overfitting are discussed for all methods.
Preliminary results show that very few (under 5) indicators
can still reliably predict reliability, suggesting a promising
tradeoff between the number of indicator variables
and the performance of the machine learning methods.
Longer rolling windows of reliability (up to 50 years) can
be predicted more accurately than shorter windows (e.g.
1-year lead time). The multivariate combination of indicator
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values that precede drops in system reliability, balancing
the tradeoff between error rate and lead time, represent
signals that may be used in this system to indicate future
vulnerability based on observations. These signals can be
used to improve monitoring of long-term water supply
vulnerabilities, allowing planners to better design adaptation
pathways under a changing climate.

artificial intelligence-based techniques while accounting for
unique features of flowrate time-series to provide accurate
forecasts of intermittent flow characteristics. This research
supports effective planning and management of reservoirs
with reliable streamflow forecasts and is a step toward
developing a comprehensive decision support tool for multiscale management of water resources.

A Probabilistic Modelling Framework for Intermittent Flow
Characteristic Forecasting - Farhang Forghanparast, Texas
Tech University, Lubbock, TX (co-authors - E. A. Hernandez;
V. Uddameri)
Ephemeral and intermittent streams are crucial components
of many watersheds in dry, arid and semi-arid regions and
make up approximately 59% of all streams in the United
States. Since intermittent flows are often headwater streams
in drylands, they provide much of the environmental
and hydrological connectivity in a landscape and may
constitute a large percentage of the stream network in
a watershed. In addition to providing a wide array of
ecological functions (e.g., forage, nesting, and movement
corridors for wildlife), they are increasingly relied upon
for water supply as increasing demands call for additional
sources. Forecasting the dynamics of intermittent flows is
essential for a variety of multi-scale regulatory and planning
efforts related to ecology and supply management, such
as wetlands classifications, reservoir management, and
sediment transport. Despite their critical importance,
ephemeral flows have not been studied extensively which
is partly due to the complexities of modeling their highly
skewed flow time series with extensive zeros and extreme
spatial and temporal hydrometeorological variability.
Non-linear and seasonal behavior of flow intermittency
also contributes to the complications in forecasting. Due
to anthropogenic disturbances in river basins and climate
change phenomenon, intermittent flowrates are nonstationary. The proposed modeling framework forecasts
the probabilities associated with four primary features of
ephemeral flows: flow occurring in a stream, the intensity
of a non-zero flow, number of days with no flow and
duration of no-flow periods. The framework benefits from
an ensemble of models, to address the seasonal behavior
of streams. Inclusion of exogenous inputs as covariates
permits the model to account for non-stationarity. A variety
of Neural Network-based classifiers and regression models
are used to find the best predictive model to effectively
capture the nonlinear and complex characteristics of
streamflow time-series. The utility of the proposed model
is illustrated with a case study. Five stations on intermittent
streams, namely, Colorado River, Nueces River, Little
Wichita River, Beals Creek, and North Concho River in
the semi-arid lands of Texas, United States are chosen to
display and assess the forecasting performance of the
suggested framework. The preliminary analyses have shown
promising results as the model has managed to forecast
the probability of flow occurrence with high accuracy. It is
noted that using exogenous variables as inputs enhances
the forecasting capabilities of the models as nonstationary
models outperformed their stationary counterparts. Further
analyses are in progress to tune the framework in order
to identify the best predictor for each characteristic. The
created modeling framework employs various statistical and

Bear River System Simulation Model - Jake Serago, Utah
Division of Water Resources, Salt Lake City, UT
Bear River is unique, being the largest North American
river whose terminus is an inland sea. Like many American
rivers it provides hydropower, recreation, wildlife habitat,
irrigation supply and flood control. The river’s rich history
of compromise, cooperation and leadership has resulted
in prosperity as well as complex policies and operations.
For the purpose of planning and to prolong the culture
of cooperation, the Utah Division of Water Resources in
collaboration with PacifiCorp, Idaho Department of Water
Resources, and Wyoming State Engineer’s Office have
jointly developed a river system operations model of the
river system. RiverWare was selected as the model platform
and CADSWES retained for consultation. The purpose of
developing the Bear River model is to investigate various
water supply issues; effects of changes in operations of Bear
Lake, demand and climate; drought scenarios and flood
protection. Stakeholder interests are included through a
participatory process with modelers and are represented in
the final analysis for consideration by decision-makers.
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Leveraging A High-Resolution Operational Weather
Forecasting Model To Better Understand And Predict Utah’s
Weather And Water - Jon Meyer, Logan, UT (co-authors – S.
Jones, B. Pokharel, Z. Rieck, R. Gillies)
The Utah Climate Center (UCC) has recently developed
a real-time, high-resolution (2-km) operational weather
forecasting model for the state to provide an improved
medium-range guidance for various weather and
water-related applications. Ancillary to the traditional
meteorology-driven tools (i.e. temperature, precipitation,
winds etc.), the UCC forecasting model has been uniquely
leveraged to provide high-resolution forecasting guidance
on water-related products ranging from soil moisture
conditions to operational cloud-seeding efforts. While many
operational forecasting models have long been available via
national and international sources, Utah’s complex terrain
limits the utility of these comparably coarse resolution
(~10s of km) forecasting models when addressing localscale needs. Using a customized version of the Weather
Research and Forecasting (WRF) model, the UCC’s realtime operational model dynamically downscales the 12-km
North American Mesoscale (NAM) model. The model is
initialized four-times daily with each simulation providing
a 3.5-day (84 hour) outlook. Additionally, by initializing the
UCC-WRF model with a high-resolution (1km) soil moisture
field based on in-situ measurements throughout the region,
a more representative set of land-surface interactions
(including evapo-transpiration and related water-based
parameters) and surface heat fluxes are present within the
model. This study presents several noteworthy components
of the model development along with case study examples
for some of the unique tools that have been integrated
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into the model architecture. First, a comparison between
the NAM forecast output and the Utah-centric simulations
demonstrates the value added from a high-resolution
domain when simulating Utah’s weather. Additionally, results
are presented from the model evaluation phase during which
model physics were calibrated for both a warm-season and
a cold-season mode in order to maximize performance
throughout the annual cycle. Lastly, several case study
comparisons of the water-related products associated with
the UCC-WRF are presented.

the impacts of those conditions are affecting the health
and safety of our citizens, business operations, and the
viability of natural resources systems to meet environmental
and ecological needs. Alabama has also been involved in
an extensive review of water management programs and
policies. The presentation will provide information on how
the drought management program is a flexible component
of that process that can be easily integrated into any
future enhancements to the State’s role in water resource
management.

SESSION 17 | Snowbird
Droughts & Low Flows

Drought and Public Necessity: The Case of the Brazos River
- Robin Craig, University of Utah College of Law, Salt Lake
City, UT
Drought is a recurring—and likely increasing—challenge to
water rights administration in western states under the prior
appropriation doctrine, where “first in time” senior rights
are often allocated to non-survival uses such as commercial
agriculture rather than to drinking water supply for cities.
While states and localities facing severe drought have
used a variety of voluntary programs to re-allocate water,
these programs by their very nature cannot guarantee
that water will in fact be redistributed to the uses that best
promote public health and community survival. In addition,
pure market solutions run the risk that “survival water” will
become too expensive to buy, as prices naturally rise during
shortages. Using the example of the Brazos River drought
of 2010 to 2013, this Article explores the potential role of
the common-law doctrine of public necessity in reallocating
water during extreme drought. Building on my earlier work
examining the potential use of public necessity in climate
change adaptation for water law and coasts, this Article
nevertheless focuses more narrowly on the specific issue of
water crisis—the moment during an extreme drought when
cities and power plants face a real inability to supply the
general public with drinking water and electricity. At that
moment, the doctrine of public necessity should allow state
water agencies in western states to re-allocate water away
from senior water rights holders whose water rights are for
non-survival uses.

Getting to Yes in Arizona on the Lower Colorado River Basin
Drought Contingency Plan - Sharon Megdal, University of
Arizona Water Resources Research Center and Central
Arizona Project, Tucson, AZ
The Colorado River is a highly managed and stressed river
system. At the November 2018 AWRA Annual Conference
in Baltimore, I gave a presentation entitled, Managed aquifer
recharge, agriculture, and what Colorado River shortage
conditions mean for Arizona”. Complex negotiations
over the next approximately four months culminated key
legislation being passed in Arizona and agreement by
the seven Colorado River Basin states to request that the
federal government approve the legislation to implement
the drought contingency plans for the Upper Colorado
River Basin and the Lower Colorado River Basin. Arizona,
which takes the most severe cuts in the Lower Basin, had
much to work through in order for the Arizona Legislature
to authorize the Arizona Department of Water Resources
(ADWR) Director to sign the necessary agreements. A
steering committee jointly convened by ADWR and the
Central Arizona Water Conservation District (CAWCD),
which operates the Central Arizona Project, brought
together legislators and representatives from all of the water
using sectors. This presentation will report on the key issues
and compromises that had to be worked through in order
to get to “Yes” at the Legislature so that Arizona could sign
on to the plan. Presenter Sharon B. Megdal is a member of
the elected CAWCD Board of Directors and serves as Board
Secretary.
Drought Planning in Alabama: A Success Story - Thomas
Littlepage, ADECA-Alabama Office of Water Resources,
Montgomery, AL
The Alabama Office of Water Resources (OWR) was created
in 1993 to provide the capability to monitor and manage
water use throughout the State of Alabama. Although this
also included drought assessment, it wasn’t until the recent
adoption of the latest revision to the Alabama Drought
Management Plan that the process was fully implemented.
The proposed presentation will provide an overview of
the evolution of drought planning in the State of Alabama.
This effort was the result of a broad range of stakeholders
working in a coordinated approach of legislation, regulation,
and state and local planning efforts to develop an efficient
and effective drought communication and coordination
process. The process ensures that water managers as well
as state and federal officials have information relating to the
magnitude and locations of drought conditions and how
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Minimum instream flows across the Pacific Northwest: A
quantitative resilience analysis in the face of climate change
- Adam Wicks-Arshack, University of Idaho, Moscow, ID (coauthor – B. Luff)
Throughout the Pacific Northwest, water resource managers
are increasingly charged with the competing tasks of
balancing an ever growing demand on consumptive, out
of stream, water uses with a mandate to preserve instream
flows for environmental, recreational, and aesthetic
purposes. Management decisions and water rights that
designate a minimum quantity of water to remain in the
stream to preserve the environment are known as minimum
instream flows. Here, we present a minimum instream
flow searchable database and interactive mapping tool
that monitors streamflow levels as they relate to over 1000
designated minimum instream flows throughout the Pacific
Northwest. The online map and database empowers water
users, managers and stakeholders to analyze historical
streamflow data, real-time flows and future predicted flows
under various climate change scenarios. Using several key
metrics, this tool enables a quantitative legal analysis to
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evaluate governance approaches used by states and subbasins and assesses resilience to a changing flow regime in
the face of climate change.

SESSION 18 | Sundance
Groundwater Monitoring & Management
Groundwater Monitoring Well Classification as a Mechanism
for Informing Groundwater Management and Policy
- Gregory M. Guthrie, Geological Survey of Alabama,
Tuscaloosa, AL (co-author - A. Arnold)
Groundwater monitoring networks provide useful information
on how hydraulic head in a water-bearing unit, as represented
by a water level, responds to stressors to the hydrologic
system such as changes in climate conditions, groundwater
withdrawals, and land use. Long term water-level monitoring
provides information that can be used to evaluate changes
and forecast trends in the resource over time, develop
models for estimating availability for economic growth, and
to monitor the effectiveness of groundwater management
plans. The Geological Survey of Alabama (GSA) maintains
two monitoring networks: a real-time network, with 31 wells,
and a periodic network with 458 wells. Wells in the real-time
network transmit daily water-level information to the GSA,
and water levels in the periodic network wells are collected
on a semi-annual basis. In addition, the GSA has entered into
an agreement with the U.S. Geological Survey to supplement
the Nationwide Ground-Water Monitoring Network (NGWMN)
with additional wells from the real-time network. Wells
included in the NGWMN are categorized into a Background
network, a Suspected Changes network, or a Documented
Changes network and should have a minimum of five years’
worth of data. Even though the three subnetworks can
provide information on the long-term response of an aquifer
to natural stressors, the derived data primarily reflects the
degree of anthropogenic stresses to the groundwater system
in the vicinity of the well. Wells in the two GSA monitoring
networks have not been evaluated using this methodology;
however, a project has been initiated to characterize wells in
the networks using the three NGWMN classifications, based
upon an evaluation of the merits of this subnetwork system.
This is being accomplished to (1) promote the development
of a statewide monitoring network designed to provide data
that can be related to specific stressors to the hydrogeologic
system, and (2) to convey needed and relevant scientific
information to address evolving water management and policy
issues in Alabama.
Characterization of Water Resources Using an Online
Groundwater Level Mapping Tool - Steven Evans, Brigham
Young, Provo, UT (co-authors - N. Jones, G. Williams, D. Ames,
J. Nelson)
Groundwater is one of the most challenging water resources
to characterize, quantify, and monitor on a regional
basis. To overcome these challenges, we have developed
the Groundwater Level Mapping Tool, an open-source,
Python-based web application to enable visualization
and quantification of groundwater resources throughout
a region. This application includes tools to extrapolate
and interpolate time series observations of groundwater
levels in monitoring wells through multi-linear regression,
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using correlated data from other wells and from satellite
observations. The app also performs spatial interpolation
using GSLIB Kriging code. Combining the results of spatial
and temporal interpolation, the app enables the user to
calculate changes in aquifer storage, and to produce and
view maps and animations of groundwater levels over
time. This presentation will detail the development of these
analysis tools and will demonstrate their application in
aquifers located throughout southern Utah, Texas, Colombia,
and the Dominican Republic.
Using Groundwater Models To Inform Water Management
Decisions - From Months To Minutes - James Schneider,
Olsson, Lincoln, NB (co-author - B. Dunnigan)
Groundwater models are an indispensable source of
information for the management of groundwater and
surface water as a single resource. Their use is the only way
to estimate and understand the effect of discrete changes to
the groundwater system on surface water, and vice versa.
By running a groundwater model both with and without a
specific stress (e.g., a well or a recharge event) to the
system, we can estimate how changes to that stress ripple
through the overall hydrologic system. These change
simulations are straightforward in theory, however in
practice they can become impractical given their esoteric
nature. Unfortunately, one cannot simply pose the question
and receive the desired information directly back from a
model. There typically are numerous complicated steps that
must be precisely completed by trained experts. Leveraging
technology to simplify this process enables water managers
and policy makers to directly utilize complex models.
Specifically, cloud technology has substantially reduced the
time/cost of getting meaningful answers to these questions.
Model evaluations that typically took months to complete,
can now be efficiently executed in minutes using a standard
laptop with an internet connection, and a little bit of
curiosity.
Estimating Groundwater Irrigation Pumping from
Precipitation and Reference ET - Samuel P. Perkins,
Interstate Water Issues, Kansas Dept. of Agriculture, Division
of Water Resources, Manhattan, KS (co-authors - D. Barfield,
C. Beightel)
Estimating groundwater irrigation pumping from
precipitation and reference ET Sam Perkins, David Barfield
and Chris Beightel Kansas Department of Agriculture,
Division of Water Resources In response to ongoing
depletion of the state’s groundwater resources, Kansas has
implemented several programs designed to reduce water
use, especially for large-scale irrigation that accounted for
83% of all water used in the state for 2013-2017. Determining
the effectiveness of these programs is essential to effectively
manage the resource, but it is not as straightforward as
observing how much water is extracted each year. Rather, it
requires distinguishing water use reductions from variation
in pumping demand due to climatic factors. To that end,
we have developed multivariable regression relationships
of annual groundwater irrigation pumping versus reference
evapotranspiration (ET) and precipitation, based on Kansas
Water Rights Information System (WRIS) and PRISM
monthly precipitation and temperature datasets. Our initial
focus was an estimator for water use in south-central Kansas
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with a coefficient of determination of 98 percent based
on six predictor variables for years 2000-2016. Water use
estimators have since been produced with typically good
fits on county and smaller scales. These estimators represent
historical irrigation behavior. By applying the historical
regression to compare reported and estimated pumping in
the years after a water use reduction program begins, we
can assess how the program has affected pumping behavior
and therefore whether water use is being reduced under the
program, qualified by the estimator’s range of uncertainty
and possible anomalies such as hailstorms. Predictive
variables will be described, and applications of these
relationships to assess pumping reductions in south-central
and northwest Kansas will be presented. Sam Perkins, Senior
Modeler; David Barfield, Chief Engineer, State of Kansas
Water Resources; and Chris Beightel, Program Manager,
Water Management Services. Authors are at Kansas Dept of
Agriculture, Division of Water Resources, 1320 Research Park
Drive, Manhattan KS 66205. (785) 564-6700

TUESDAY, NOVEMBER 5
1:30 pm - 3:00 pm
Concurrent Sessions - 19, 20, 21, 22, 23
SESSION 19 | Brighton
IWRM II
Moderators: Laura Briefer, SLC Department of Public Utilities,
Patrick Nelson, SLC Department of Public Utilities, Watershed
Program Manager
Resilient Integrated Water Management: Case Study for
Forecast-Informed Reservoir Operations - Michael McMahon,
HDR, Inc, Denver, CO (co-author - M. Konieczki)
Resilient Integrated Water Management: Case Study
for Forecast-Informed Reservoir Operations. A holistic
approach to water supply management can simultaneously
lead to improved near-term and long-term guidance for
water operations and efficiencies. This methodology, called
Forecast-Informed Reservoir Operations (FIRO), will provide
a flexible tool for adapting to changes in runoff timing and
volume that are consequences of climate variability. FIRO
uses improved reservoir inflow and streamflow forecasts
combined with a seasonally-varying flood control diagram
(FCD) to operate reservoirs in a manner that ultimately
increases water management benefits (for example,
water supply and flood risk reduction). It is designed to
be proactive to a changing environment, whether being
analyzed for several days, an entire water year, or even
on a decadal basis. It takes the knowledge of the existing
global climate, adds a detailed look at the current hydrometeorology of a given basin through state-of-the-art
gaging and remote sensing, and produces a forecast from
which decisions can be made by operators. These decisions
can then be applied at the appropriate time as mitigating
actions. FIRO is designed to adapt to what the hydrometeorological conditions are telling us, both now and
in the future. The use of FIRO could realistically improve
water efficiencies by as much as 20% without a reduction
in flood safety; even a 5% increase in water management
efficiency would mean thousands of acre-feet in increased
system capacity. FIRO will be discussed in the context
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of real-life water scenarios for the current water year and
prior water years. This presentation will be designed to
weigh the pros and cons of the FIRO methodology and to
open a discussion regarding its efficacy. Project examples
from work in Sonoma County, CA, Folsom Reservoir, CA,
Oroville Dam, CA, the Upper Feather River, CA, the Lower
Platte River Consortium, NE, and Flathead Lake, MT will be
introduced to identify successes and highlight needs for
improvement. To enable the use of forecast information
for decision support, operational rules for dams and other
flood-retarding structures will need to be reconfigured.
In many cases, this is something that needs to occur at
the Congressional level within our established system.
Recent hearings in Washington D.C. are making inroads
into innovative water management strategies that will
allow agencies more latitude to improve water efficiencies,
particularly in the western U.S. These efforts will be
discussed during this presentation and will be reported in an
effort to promote further discussion on the topic.
Maximizing Groundwater Use in the Central and West Coast
Basins through Recycled Water - Sarah Mouakkad, Los
Angeles Department of Water and Power (LADWP),Los
Angeles, CA
The City of Los Angeles’ (City) goal is to reduce reliance on
imported water and expand local water sources so that they
account for at least 50 percent by 2035. The Groundwater
Development and Augmentation Plan (GDAP), currently in
progress, will help the City to augment local groundwater
supplies by identifying projects and strategies that secure
and diversify water supply to the region. The prioritized
program of capital improvement projects resulting from
the GDAP will allow LADWP to reach its goal and enhance
water resource management regionally. The City has
underutilized its water rights in the Central and West
Coast Basins for decades. Flexibility in the Judgment
allows the basins to serve as storage reservoirs capable
of conjunctive use. Extracting groundwater beyond the
water rights allocation will require a sustainable source
of augmentation water. To increase groundwater supply,
an operational strategy that allows for extraction above
the adjudicated rights and identifies source water for the
augmentation supplies is needed. The City of Los Angeles
Bureau of Sanitation (LASAN) operates the Hyperion Water
Reclamation Plant (HWRP). The mayor of Los Angeles
has set an ambitious goal to recycled 100% of water from
HWRP. The City has plans to maximize reuse of HWRP’s
effluent through expansion of its existing system and by
working with regional partners. LASAN is currently studying
the possibility of converting HWRP into an advanced
water treatment facility. Reuse would be implemented
by partnering with the Watermaster of the Central and
West Coast Basins, the Water Replenishment District of
Southern California (WRD), and other purveyors. WRD
has plans to eliminate imported water from their water
supply portfolio. Some of the sustainable replenishment
water could come from HWRP. The water injected/spread
into the basins would later be pumped out by the water
rights holders. The City and WRD are collaborating on a
LA Joint Basin Replenishment and Extraction Master Plan.
With the availability of HWRP water for replenishment,
a list of regional projects will be made that pave the way
for local water supply. This program demonstrates the
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regional effort required with other municipalities to leverage
infrastructure and capital assets and accomplish water
supply goals. Through the availability of advanced treated
recycled water and partnerships on projects that optimize
the use of local groundwater resources, the City will reduce
its dependence on imported water supplies.
Yakima Basin Integrated Water Resources Management Plan
– Evolution of Project Concepts and Designs in an Agency/
Stakeholder Process - Steven Thurin, HDR Engineering, Inc.,
Bellevue, WA (co-authors - W. Christensen, T. Tebb)
Yakima Basin Integrated Water Resources Management
Plan – Evolution of Project Concepts and Designs in an
Agency/Stakeholder Process Steven Thurin, Senior Water
Resources Engineer, HDR Wendy Christensen, YRBWEP
Manager, US Bureau of Reclamation Tom Tebb, Director
of Office of Columbia River, Washington Department of
Ecology In 2012, the American Water Resources Association
honored the Yakima River Basin Water Enhancement Project
(YRBWEP) Workgroup with its first ever Integrated Water
Resources Management Award. The award noted that
the YRBWEP Workgroup, “exemplifies the coordinated
development and management of water, land and related
resources to maximize economic and social welfare without
compromising the sustainability of ecosystems and the
environment.” After three years of effort to develop
unprecedented stakeholder consensus, the Workgroup
had just promulgated the Yakima Basin Integrated Plan
(Integrated Plan), consisting of seven separate elements
to enhance water resources in the basin, including Fish
Passage, Structural and Operational Changes, Surface
Storage, Enhanced Water Conservation, Groundwater
Storage, Habitat Protection and Enhancement, and Market
Reallocation. The total cost of all actions in the plan
was estimated to be approximately $4 Billion. As might
be expected, the mix of projects and specific project
configurations that were planned originally have changed
over time. This talk will give examples of these changes and
help AWRA members to better understand how to manage
and implement a suite of complex and interconnected
projects towards implementation. The presentation will
summarize key elements of progress in implementing
each of the seven Integrated Plan elements, including
specification of projects, analysis of project benefits and
impacts, completion of NEPA documents, and funding
requirements. Over time, new ideas have been added
to the plan or improved upon, and some original ideas
have been found to be impracticable or less valuable than
originally expected. AWWA Conference attendees will gain
information on the continued development of integrated
water resources plans as they progress towards full funding
and implementation. Note: This talk complements a
separate abstract submitted by Andrew Graham that is also
about the Yakima Basin Integrated Plan. These talks cover
very different aspects of the program. It is not critical they
be placed in the same session.
Salt Lake City Watershed Management: Implementing
An Integrated Approach To Provide High Quality And
Sustainable Drinking Water - Marian Rice, Salt Lake City
Public Utilities, Salt Lake City, UT (co-author - L. M. Briefer)
Established in 1847, Salt Lake City is the oldest retail water
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provider in the West. SLCPU is committed to serving our
customers and protecting our environment by delivering
high-quality drinking water to part of the Salt Lake Valley
including Cottonwood Heights, Holladay, Millcreek, and
Salt Lake City. A large and important portion of Salt Lake
City’s current and future water supplies emanate from
the Little Cottonwood, Big Cottonwood, Parleys, and City
Creek Canyon watersheds. Salt Lake City invests hundreds
of millions of dollars in water treatment facilities and
distribution systems to put these water sources to beneficial
use, ensuring the provision of clean, reliable drinking water
to the public. Salt Lake City implements an integrated
and holistic approach to surface water supply and water
quality management to ensure clean and reliable water
is provided to its service area. Salt Lake City’s unified
watershed management approach includes watershed
protection and stewardship. Watershed rangers patrol
the seven mountainous watersheds, over 200 square
miles, towering over the Salt Lake Valley. They monitor
for compliance with watershed regulations, educate
visitors, steward the land, and manage recreation facilities.
Partnering with other land managers within the watershed,
including the U.S. Forest Service, Salt Lake County Health
Department, ski and snowboard resorts, towns and private
residences, SLC continues to seek protections, educational
opportunities, and funding that enhance accessibility to
all watershed users. SLC actively pursues land acquisition
within the watershed to increase and enhance opportunities
to ensure infiltration, aquifer recharge, and land use
protections. Watershed planning and monitoring identify
and guard against vulnerabilities to our water supply,
including climate change, impacts from recreational use
of our canyons, potential toxic spills, and natural disasters.
Salt Lake City also recognizes that providing high-quality
drinking water to customers is the ultimate goal, and this
starts in the watershed. To accomplish this goal, Salt Lake
City conducts a comprehensive monitoring program and
enforces zoning and ordinances. Surface water monitoring
is conducted by Salt Lake City and Utah Department of
Environmental Quality. In addition, monitoring is conducted
by land management and planning agencies, such as Salt
Lake County who is the area-wide water quality planning
authority.

SESSION 20 | Alta
Preserving the Great Salt Lake
The Economic Costs of Declining Lake Levels for Great Salt
Lake - Laura Marshall, ECONorthwest, Portland (co-authors M. Buckley, S. Reich, B. Nicholson, S. Martin)
The elevation of Great Salt Lake has been declining due
to diversions and consumptive uses. The declining lake
levels and the resulting lake surface area loss, increased
salinity, and increased air pollution from exposed lake bed
jeopardize many of the uses of the lake and impose costs
on the regional community. The state of Utah commissioned
this study to inform policy efforts regarding tradeoffs
between consumptive uses of water and maintenance of
Great Salt Lake levels. Several of these adverse impacts
on the regional community contribute to already growing
problems, including deteriorating air quality in the Great
Salt Lake Basin and declining migratory bird habitat. As
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benefits of the lake become more scarce, each incremental
loss becomes more costly. To quantify the potential costs of
a declining Great Salt Lake we estimate the impacts of lake
level declines in terms of costs for the regional community
including businesses such as the recreation industry.
Community costs include increased health expenditures
from changes in air quality. Additionally, we quantify the lost
value of the cultural and environmental benefits currently
provided by Great Salt Lake. As a refuge for millions of
migratory birds, one of the largest costs of declining lake
levels is the loss of habitat for migratory birds. Loss of
ecosystem services provided by the lake is a major cost
category as well. We also consider the costs of mitigation
to avoid these adverse effects. Our results suggest that the
economic costs of a declining Great Salt Lake are in the
billions of dollars.
An Integrated Water Resource Management Model for
the Great Salt Lake Watershed - Jeff DenBleyker, Jacobs
Engineering, Salt Lake City, UT (L. Vernon, D. Leonard, C.
Miller, K. Khatri)
Is Great Salt Lake drying up? How might forecasted
population and economic growth in Northern Utah change
water levels in the lake? How might an extended drought
affect the lake? How might changing water management
practices affect the lake? What does that mean to Great
Salt Lake’s natural resources, the economic and ecological
benefits that are derived from them, and the people who live
near its shores? These are all questions the State of Utah
has been grappling with that the Great Salt Lake Integrated
Model (GSLIM) is beginning to help understand and answer.
A recurring challenge for State regulatory and resource
agencies is defining and understanding how climate and
various water management approaches in Great Salt Lake’s
watershed influence the lake’s water levels and salinity
and subsequently the resources the lake supports. State
agencies have not had an effective tool at their disposal
that integrates available information to better understand
these issues and identify sustainable management strategies
for the watershed’s water resources or Great Salt Lake’s
resources – until now. This presentation will summarize work
the Great Salt Lake Advisory Council is completing to further
develop and implement the GSLIM to: 1.
Understand how
changes in water management and availability in Great Salt
Lake and its watershed could impact the lake’s water levels
and salinity, 2.
Evaluate potential impacts to and changes
in the lake’s resources including bird habitat, brine shrimp
cyst harvesting, and mineral extraction, and 3.
Serve as
a foundation for sustainably managing the lake’s economic
and ecological resources.
Policy Options To Help Sustain The Great Salt Lake
And Its Wetlands - Timothy D. Hawkes, Utah House of
Representatives, Centerville, UT
Utahns value shared approaches to problem solving. The
collaboratively developed Utah State Water Strategy (2017)
has accelerated efforts to address the State’s most pressing
water challenges, with many recommendations moving
towards adoption and implementation. While progress is
being made on several fronts, the challenge of preserving
the Great Salt Lake in the face of ever-increasing demands
on the sources of water that sustain it remains one of the
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most difficult policy challenges Utah faces. The State is,
however, making slow and steady progress on a number of
policy initiatives that will likely play a key role in any lasting
solution—initiatives that over time should provide effective
and market-driven tools to sustain the Lake and its wetlands
into the future. The presentation will explore these efforts in
some detail.
More Than One Kind Of “Lake Effect” – How Great Salt Lake
Engenders Collaboration And Partnerships To Conserve
The Lake And Its Wetlands And Ensure Water Flows For A
Healthy And Sustainable Lake Ecosystem -Marcelle Shoop,
National Audubon Society, Inc, Salt Lake City, UT
The “Lake Effect” of Great Salt Lake is a well-known
phenomenon and important contributor to snowpack
in Utah’s Wasatch Mountain Range. Great Salt Lake also
engenders other “Lake Effects.” The desire to sustain a
healthy lake and protect the unique ecosystem that supports
millions of migratory birds, brine shrimp, recreational
interests, economic activities, and aesthetic and community
benefits has inspired many collaborative efforts and
partnerships over time. The focus of many collaborations
has also turned to ensuring continued water flows to Great
Salt Lake and its wetlands in the face of declining water
level trends. This presentation will highlight various multistakeholder collaborative efforts that support endurance of
this irreplaceable resource.

SESSION 21 | Deer Valley
Remote Sensing
Integrated Thermal-Optic sUAS and Temperature Profiles
to Quantify River Mixing and Seepage Flux - Jesse Bunker,
Montana Technological University, Butte, MT (co-authors - R.
Nagisetty, J. Crowley)
The physical properties of rivers and riparian systems
influence ecology, hazard mitigation, contaminant transport
and chemical interactions. Rivers are dynamic due to
aggradation/ degradation and sediment transport as well
as seasonal and daily variation in flow and temperature. In
order to capture this variability it is important to have data
collection techniques that allow for repeated seasonal surveys
or for continuous time series data collection. Small Unmanned
Aircraft Systems (sUAS) are rapidly growing in popularity
due to their relatively low cost and the ease of conducting
repeated surveys. By coupling sUAS technologies with in-situ
seepage flux measurements, it may be possible to quantify
many important river characteristics quickly and inexpensively.
This research assesses the ability of an integrated thermal
sensor and optical camera sUAS coupled with temperature
profiles to quantify hydrothermal river mixing, river stage
and seepage flux. In November of 2018, and March, June,
and August of 2019 sUAS surveys were conducted to collect
thermal and optical data. Temperature profiles were installed
in hydrothermally and non-hydrothermally altered areas in
March and June and were collected in August. Using data
from the sUAS, river mixing was quantified, river stage was
identified, and digital surface models were generated to
investigate seasonal variation throughout a year. Temperature
profiles were used to quantify seepage flux from spring runoff
in June to near base flow conditions in August. Remotely
sensed temperature data from sUAS and in situ temperature
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profiles were used to generate a rating curve to interpolate
seepage flux in hydrothermal areas and across the river.
Interpolating seepage flux from radiometric methods allows
for upscaling point measurements to larger continuous data
sets than is currently possible; however is complicated by
water depth, thermal buoyance and water velocity. Using
multiple remote sensing techniques enables managers to
quickly collect river data that can be used to address a wide
range of topics such as ecology, flood mitigation strategies
and groundwater-surface water interaction. To the authors
knowledge this is the first time radiometric, optical and
riverbed temperature profile data have been used concurrently
to quantify vertical flux in a large river system.
Satellite Remote Sensing of Watersheds to Inform Water
Quality Management - Kinsey Hoffman, Hazen and Sawyer,
Baltimore, MD (co-authors - D. West, A. Mehta, C. Lee)
It is well known that watershed conditions have a strong
influence on source water quality. Most water utilities and
water resource agencies do not currently have the capability
to monitor watershed sources of contamination with great
temporal or spatial detail. Satellite remote sensing data can
provide a snapshot of an entire watershed at regular, submonthly intervals. While correlations between remote sensing
observations and direct in situ measurements of water
quality have been well described in the literature, there are
few studies that link remote sensing observations across a
watershed with near-term predictions of water quality. In situ
measurements of water quality at 187 stream and reservoir
sites were obtained from five case study regions in the
United States. Water quality parameters under consideration
included nitrogen, phosphorus, organic carbon, chlorophyll-a,
and turbidity. Predictive models were developed based on
observed in situ measurements of water quality and remote
sensing observations across each site’s corresponding
watershed. Predictor variables included remotely sensed
parameters that describe vegetative conditions and climate/
weather conditions, and in situ, point observations of weather
and hydrology. Statistical models included partial least squares
regression, linear mixed effects, and generalized linear models.
Results show improvement in correlation coefficient (R2) and
Nash-Sutcliffe efficiency (NSE) when using mixed effects
models with both weather and remotely sensed watershed
variables included. This indicates that a signature on water
quality can be detected from watershed conditions and the
related processes that transport water quality constituents
to receiving waterbodies. This information helps analysts
characterize and track watershed conditions over time and
identify trends that could signal changes in source water
quality. In this presentation, the authors will describe results
of recent statistical analyses and present an overview of a
decision support tool to support predictive application of
remote sensing data for water resources managers.
Colorado Basin River Forecast Center - Paul Miller, NOAA Colorado Basin River Forecast Center, Salt Lake City, UT
The Colorado Basin River Forecast Center (CBRFC)
provides a broad range of products and services for impactbased decision support to water resource managers and
stakeholders over the Colorado River Basin and eastern
Great Basin. Among the most popular products, the CBRFC
produces probabilistic forecasts of seasonal (typically April
through July) volumetric forecasts of snowmelt driven
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runoff throughout the mountainous West and desert
Southwest. These forecasts are developed through the use
of Ensemble Streamflow Prediction (ESP) methodology
using results from a well calibrated Sacramento Soil Moisture
Accounting hydrologic model (Sac-SMA) coupled with a snow
accumulation and ablation model (SNOW-17). These seasonal
forecasts are critical for resource managers to determine
reservoir operations throughout the region. In addition
to seasonal runoff forecasts, the CBRFC also develops
deterministic 10-day streamflow forecasts at nearly 500 points
throughout the CBRFC area of responsibility which are used
by a variety of stakeholders across federal, state, academic,
and private sectors. At a subset of these points, forecasts of
seasonal peak daily flow are made available to stakeholders
interested in meeting environmental flow demands, or in
preparing for potential flooding during high snow years.
These products and services are disseminated primarily
through an intuitive and evolving website, which is updated
frequently in response to user needs. The CBRFC strives
to improve its forecasting ability through partnerships with
stakeholders in both the public and private sector. Recently,
the CBRFC has partnered with NASA’s Jet Propulsion
Laboratory to incorporate remotely sensed snowpack
information into its hydrologic model. Additional work
has focused on incorporating a more robust snow model,
developing an improved consumptive use model, improved
calibration techniques, and incorporating better precipitation
and temperature forecasts at the sub-seasonal scale.
How Are The Inter-Variety Effects Of Irrigation Manifest In
UAS-Based Remote Sensing Of Irrigated And Dryland Wheat
Nurseries? - Brent Auvermann, Texas A&M AgriLife Research,
Amarillo, TX (co-authors - J.C. Rudd, S. Baker, J. Baker, J.
Landivar, J. Jung, A. Chang, A. L. Girard, B. W. Auvermann)
Our wheat-improvement program in the Texas High Plains
centers on dual-purpose hard red winter wheat for both
irrigated and rain-fed production. Each year, our irrigated
and dryland nurseries each feature over 1000 cultivars or
breeding lines with 200 typically present in both nurseries.
In retrospect, the droughty growing season of 2017-2018 in
the Texas Panhandle gave us an opportunity to compare and
contrast the weekly growth status of cultivars/breeding lines
common to both nurseries using UAS-based remote sensing.
We present parameterized growth curves, NDVI statistics,
grain yield, end-use-quality data, and preliminary inferences
about the marginal effects of irrigation on winter wheat under
drought stress.

SESSION 22 | Snowbird
Integrated Modeling, Planning, & Management
Illinois State Water Survey: 125 years of Contributions to
Water Resources of Illinois - Laura Keefer, Illinois State Water
Survey, Champaign, IL
There are many past, present and future examples of
potential conflicts, as well as opportunities for cooperation, in
addressing complex public and private uses of water under
state and federal law. The Council, in collaboration with tribes
and its Western Federal Agency Support Team (WestFAST),
promotes ways to work together to quantify and provide for
competing state and federal water use needs.
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Watershed Systems Modeling and its Application at the
Illinois State Water Survey - Elias Getahun, Illinois State
Water Survey, Champaign, IL
Watershed systems modeling entails the simulation of
complex hydrologic and biogeochemical processes,
allowing the estimation of basin responses to climate
and anthropogenic activities. At the Illinois State Water
Survey (ISWS), modeling of watershed systems is a vital
component of research studies investigating water supply
availability, nutrient loss reduction from agricultural sources,
climate change impacts and others. Coupling state-ofthe-art optimization methods with a watershed model, an
integrated modeling framework has been developed to
perform an automated calibration of watershed models to
observed hydrologic and water quality data and identify
the optimal selection and placement of agricultural best
management practices (BMPs) in agricultural watersheds.
Using this framework, a comprehensive calibration of models
involving a large number of parameters to several watershed
responses can be done. The framework also provides
the platform to determine optimal tradeoffs between a
reduction of nonpoint source (NPS) pollution and the cost
of BMP implementation plans. In support of developing
regional water supply planning for Kaskaskia and Kankakee
River watersheds, the ISWS developed hydrologic models
to estimate stream flows and assess impacts of potential
climate change and water use projections on water supply
availability in the respective watersheds. In the case of the
Kaskaskia River watershed, complementary reservoir routing
models were developed for Lake Shelbyville and Lake
Carlyle and coupled with the watershed model to simulate
potential impacts of climate change and future water use
allocations on storage and pool elevations. For four tributary
watersheds of the Mackinaw and Upper Sangamon Rivers,
coupled-optimization watershed models were developed
for optimal selection and placement of BMPs that provide
tradeoffs between the costs of BMP implementation
strategies and the reduction of sediment and nutrient
losses to the streams. Results of these studies were used
in the development of BMP implementation plans for the
two tributary watersheds of the Upper Sangamon River.
The ISWS continuously updates this integrated modeling
framework with current versions of the watershed models
and optimization techniques for use in current and future
projects that require modeling of watershed systems.
Evolution of Flood Hazard Identification and Mapping Kingsley Allan, Illinois State Water Survey, Champaign, IL
(co-authors - G. Heistand, G. Byard, B. Chaille)
Passage of the National Flood Insurance Act of 1968 (P.L.
90-448) initiated a nationwide effort to identify and map
the land area with a 1% chance of inundation, a.k.a. the
100-year floodplain. Where stream gages were available in
areas with riverine flooding, statistical analyses of records
could be used as a basis for discharge and stage. Rainfallrunoff models were also used. Regional discharge equations,
predicated on the stream gage data, were used extensively.
A variety of hydraulic simulation computer models, such as
the Army Corps of Engineers Hydraulic Engineering Center
model (HEC-2) and the National Resource Conservation
Service (formerly the Soil Conservation Service) WSP-2
model were used to identify floodplains. However, this level
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of study was only performed in highly urbanized areas.
Much of the early mapping efforts consisted of sketching
“flood-prone areas” on USGS 15 minute series quadrangles,
sometimes based on local observations. Fast forward to
2019. High-resolution LiDAR, other geospatial data sets
such as soil type and land cover; sophisticated technology
and computer programing, and high-speed computers have
radically changed how flood-prone areas are identified. The
Illinois State Water Survey has been involved with flood
hazard identification and mapping from the beginning of
the NFIP, reviewing discharges, conducting the hydrologic
and hydraulic studies in Illinois communities, and serving
as the State Floodplain Information Repository. Today, as a
Cooperating Technical Partner with the Federal Emergency
Management Agency, the ISWS performs essentially all
the flood studies and mapping in Illinois for the NFIP.
This presentation will provide a brief background on the
beginnings of flood hazard identification and mapping, a
demonstration of current techniques employing GIS and
one-dimensional and two-dimensional modeling, ending
with a guide to today’s flood hazard products (not just
maps).
State and Regional Water Supply Planning in Illinois Zhenxing Zhang, Illinois State Water Survey, Champaign, IL
(co-authors - W. Kelly, D. Abrams, G. Roadcap, D. Hadley, D.
Mannix)
It is vital for Illinois to provide citizens and industries
sustainable and affordable clean water for the present and the
future. As a state, it is of importance to understand the future
water demand, water supply, associated cost to provide and
convey water, cost and impact of wastewater effluents.
Well-designed state and regional water supply planning is a
valuable tool to ensure sustainable water sources in the future
for the entire state. The Governor’s Executive Order 2006-01,
authorized the Illinois Department of Natural Resources
(IDNR) to lead state and regional water-supply planning
activities. Since 2006, The Illinois State Water Survey (ISWS)
has been working closely with the IDNR to conduct technique
analysis of water demand and water availability in Illinois. The
entire state is divided into 10 water supply planning regions
with Northeastern Illinois and East-Central Illinois at the top
priority region. The ISWS has completed water supply
planning studies in the Northern Illinois, East-Central, and
Kaskaskia River Basin. The ISWS is currently working on the
Middle Illinois and Northwest Illinois Regions. For water
supply planning studies in each region, groundwater models
are developed to assess the impact of the past and future
withdrawal on groundwater levels and determine the
sustainable withdrawal rate. Groundwater water monitoring is
conducted to evaluate the impact of past groundwater
withdrawals. Frequency analysis for long-term streamflow
gages are employed to explore surface water availability
under various climate conditions and the impact of surface
water withdrawals and wastewater effluents. Watershed
hydrologic models are developed to examine climate change
and variability impact on water availability. Water demand is
analyzed and projected based on available population, water
use, socioeconomic, and climatic data. Scenarios are
developed to represent the uncertainty.
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SESSION 23 | Sundance
PANEL: State Water Law & Federal Reserved Water
Rights
Panelists:
Tony Willardson, Western States Water Council Office
John Echohawk, Native American Rights Fund
Norman K. Johnson, Utah Attorney General’s Office
Michelle Bushman, Western States Water Council
Christopher Carlson, Water and Aquatic Resources, USDA
Forest Service
Stephen G. Bartell, Environment & Natural Resources
Division, United States Department of Justice
Water allocation and regulation of the rights to use water
are primarily under the authority of the States, and the
Congress has consistently, but not universally deferred
to state administration. State water rights are allocated
based on priority and defined by beneficial use. Congress
however has reserved land for specific purposes, including
tribal reservations, national parks and monuments, national
forests, and other uses of public lands; and the Supreme
Court has recognized a reserved right to water use sufficient
to meet the primary purposes of the land withdrawal or
otherwise designated.
There are many past, present and future examples
of potential conflicts, as well as opportunities for
cooperation, in addressing complex public and
private uses of water under state and federal law. The
Council, in collaboration with tribes and its Western
Federal Agency Support Team (WestFAST), promotes
ways to work together to quantify and provide
for competing state and federal water use needs.

TUESDAY, NOVEMBER 5
3:30 pm - 5:00 pm
Concurrent Sessions - 24, 25, 26, 27, 28
SESSION 24 | Brighton
Demand Monitoring & Management
Neighborhood Watchdog: How Exposure Leads Residents to
Conserve - Kristina Janet, Texas Tech University, Lubbock, TX
(co-author - D. Holland)
Water conservation officials are constantly seeking ways to
communicate to their publics to limit water use, but overall,
water use is still continuing to rise. A 2012 article by the Dallas
Morning News called out the top 10 water users in different
districts in Dallas. This article sparked research seeking to
determine if “scoring” residents by their water use would
have an impact on whether people would be more likely
to conserve water. Social Facilitation Theory is defined as
“improvement in individual performance when working with
other people rather than alone,” or when “competing with
others doing the same task” (Geen, 1977). This theory, along
with Social Norms Theory, suggests that water users might
limit their use of water if they’re recognized, among their
peers, as an abnormally high user. Social Norms indicate that
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we act with the intention of complying with what we perceive
as social norms (Cialdini, 1998). For example, if I recognize
the social norm that wasting water is bad, then I will be more
likely to conserve water. One quote from the article read,
“You want a nice lawn, like everybody else,” said Inge Grayson,
“I don’t know if people are aware of conserving water and
setting the sprinkler at a certain length.” This appears that
the public isn’t aware of the social norms, if any, surrounding
water conservation, and aren’t sure how to behave. The
proposed study will consist of an experiment regarding three
different cities in Texas. Flyers will be sent in the mail with
three messages. One in which their name will be potentially
published if they are an above average water user, one if
they are a below average water user, and the third will be a
control group. The study will comprehensively investigate
how Social Norms play a role in water conservation habits
and how “scoring” a water user based on their peers impacts
their own water use. These findings will allow officials who are
communicating about water availability risks with the public
an alternate communication option.
How Much To Water My Lawn? Estimating The Premium
For Unmetered Irrigation Water - Matt Gnagey, Weber State
University, Ogden, UT
Environmental attributes and amenities are frequently
capitalized into house prices. Access to an unlimited
water right for irrigating lawns in an arid region is a prized
environmental amenity. The distribution of this amenity varies
across space, and often neighborhoods with these water
rights are located in neighborhoods that differ substantially
from other neighborhoods. This research aims to disentangle
these neighborhood differences to identify the value that
households place on unmetered water rights for lawn
irrigation. Identification relies on regression discontinuity
design exploiting the variation in unmetered water access
that occurs based on historical land use and geographic
features. By examining houses on the border of the water
rights zones, I isolate houses that only differ by their access
to unmetered irrigation water, thereby eliminating potentially
correlated variation with this access, such as differences in
socioeconomic attributes, local tax rates, school quality, and
environmental amenities. I find that households are willing to
pay a premium of 2% for access to unmetered irrigation water.
A variety of sensitive checks and specifications support these
results.
USGS Integrated Water Availability Assessments - David
Blodgett, USGS Water Mission Area Integrated Modeling and
Prediction Division, Hapeville, GA
The United States faces growing challenges to its water
supply, infrastructure, and aquatic ecosystems due to
population growth, climate change, floods and droughts,
and aging water delivery systems. To help address these
challenges, the United States Geological Survey (USGS) Water
Resources Mission Area (WMA) has established new strategic
priorities that capitalize on the operational and scientific
strengths of the WMA: (1) National Water Information System
(NWIS) modernization; (2) Next Generation Water Observing
System (NGWOS); (3) integrated water prediction (2WP);
and (4) integrated water availability assessments (IWAAs).
These priorities will work collaboratively together to provide
resource managers the data, tools, and information needed
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to address water availability for both human and ecological
uses. This presentation will introduce the goals of IWAAs
and discuss how IWAAs will utilize the systems, tools, and
information developed through NWIS Modernization, 2WP,
and NGWOS to produce stakeholder driven, near real-time
assessments and seasonal predictions of water availability
for both human and ecological uses at the regional and
national extents. When fully implemented, IWAAs will: (1)
evaluate current water supply and demand, quality, and
use; (2) evaluate long-term trends in water availability,
inclusive of water quantity and quality; (3) provide seasonal
to decadal forecasts of availability; and (4) inform water
resource decisions through development of socioeconomic
tools. An important short-term goal for National IWAAs is
operationalization of the National Hydrologic Model (NHM) to
deliver a near-real time census of water availability, inclusive
of quality and use, by 2021. Regional IWAAs pilots are under
development that will support these National goals, while
also working with local partners and stakeholders to address
regional water availability issues. Full implementation of
Regional IWAAs will begin in 2021.
Water Leak Detection & Pipe Condition Assessment. - Ofer
Cohen, Aquarius Spectrum Ltd., Netanya, Israel (co-author - O.
Fruchtman)
One of the biggest challenges in water asset management
relates to the critical information needed for assessing the
physical condition and functionality of the water pipeline. In
many cases, there is lack correlation between the age of the
pipeline and its actual condition. In fact, huge investments are
invested in the replacement of old pipes, even though they
are still usable, while new pipes are untreated despite being
worn and damaged. Water pipes are eroded unevenly due to
environmental conditions, soil, loads and raw material. The
ability to identify defective parts in the pipeline in order to
replace them and prevent costly maintenance (bursts repairs),
water losses and disturbances in the water supply is of great
value both to the water corporation and to its customers - the
water consumers. Aquarius Spectrum developed an advanced
IoT solution which enables water utilities to proactively
monitor their water network, tracing background leaks and
detecting malfunctioning equipment (valves, air vents, meters)
on a daily basis. To date, the company has deployed more
than 6,000 sensors installed on municipal water networks in
major cities in Israel, the U.S. and Europe, covering more than
3000 Miles of drinking water pipelines. Aquarius Spectrum’s
fixed leak detection system (AQS-SYS) automatically monitors
the water pipeline, enabling identification and detection of
initial hidden leaks and their exact location. The system, which
is based on cloud technology and integrates fixed acoustic
sensors, pressure sensors and dedicated software, is an
efficient tool for monitoring and controlling the water network,
providing a detailed and useful picture of the condition of
the pipes every day. Based on a unique multi-sensor and
advanced big-data processing, the innovative system performs
pipe condition assessment through 3 methods: Leak statistics.
Leak development dynamics As a result, it helps water utilities
prioritizing the replacement of pipe segments by its actual
condition rather than age and prolong the life of existing
assets. Aquarius’ pipe condition technology is successfully
deployed in two main cities in Israel (Tel-Aviv & Holon).
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SESSION 25 | Alta
Work in Floodplains
Floodways: Lessons from 1D and 2D HEC-RAS Modeling Eeshan Kumar, Wood Environment & Infrastructure Solutions
Wichita, KS
Floodplain and floodway studies are the basis of floodplain
management programs. FEMA recommends communities
to reserve a portion of the floodplain to avoid the possibility
of increasing base flood elevations significantly. According
to FEMA 37, the channel of a river or other watercourse
and the adjacent land areas must be reserved to discharge
the base flood without cumulatively increasing the watersurface elevation by more than a designated height. FEMA
administers the National Flood Insurance Program (NFIP)
to address development within the 100-year floodplain
but does not allow any development within the floodway.
Floodways are typically developed using an encroachment
analysis assuming an equal loss of conveyance on both sides
of the study stream or flooding source. In a steady-state flow
analysis, non-varying constant flows are utilized between cross
sections which simplifies the analysis but does not account
for storage and the loss of conveyance unless set manually
using multiple flow change locations. There is limited guidance
available for unsteady-state modeling and developing
regulatory floodways for such models. Floodway analysis for
an unsteady model requires more time and effort to meet
the steady-state standards. It may be pertinent for federal
and state agencies to establish guidelines and best practices
for unsteady-state one-dimensional and two-dimensional
models for regulatory use. The goal of this presentation would
be to share some background and technical knowledge of
regulatory floodways and methods used for encroachment
analysis. This presentation will discuss some meaningful
insights and lessons learnt while developing floodways using
HEC-RAS 1D and 2D models for recent flood risk mapping
activities within the Cahokia-Joachim watershed in Missouri
and Lower Smoky Hill River watershed in Kansas.
Local Authority, State and Federal Drivers and Constrictions
– Case Studies from Pennsylvania and Florida - L. Donald
Duke, Florida Gulf Coast University, Fort Myers, FL (co-authors
- B. Piazza, B. Lord, S. Kovach, D. Harlan)
Municipal and local-level flood-mitigation programs,
strategies, and implementation are central in U.S. policies
to reduce flooding impacts. Federal and state programs
deliver unquestionable benefits in basin-scale management
(dams, levees); weather and streamflow forecasting; and
others. But dispersed decisions and programs are among the
most effective mitigation strategies: land use and floodplain
management; building-code design and implementation;
hands-on education and training; and others. These are
inherently vested in municipalities, and best implemented
at local scale. Assessing effectiveness of Federal and state
policies requires evaluating how those policies encourage,
allow, or inhibit effective local actions. Local strategies vary
tremendously because municipalities vary in their financial and
personnel resources; physical geography; demographic and
economic trends; social preferences; and many other factors.
This research acquired information from telephone interviews
with municipal personnel; analysis of municipal-agency
documents; and site visit case studies. Conclusions assess
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how Federal and state policies (in two historically high-risk
states) drive, limit, or influence local-scale strategies. Results
fall into four main findings: 1. The National Flood Insurance
Program directly benefits individuals and businesses, and
relieves financial stress on municipalities, but is also a
potentially powerful – arguably underutilized – force to drive
municipal programs to effective strategies. NFIP’s Community
Rating System is used unevenly nationwide (28 participating
municipalities in Pennsylvania, over 250 in Florida), with some
state-level programs partially compensating. 2. Examples of
excellent regional and county-level programs can be used
as models by others. Some use Federal or state-level driving
authority. But these are far outnumbered by mediocre local
programs. 3. FEMA policies to acquire properties in floodplains
are implemented to varying degrees, almost everywhere
to a lesser degree than would fully mitigate an at-risk
developed floodplain. These are resisted because of negative
consequences on historic, culturally-significant communities;
burdensome administrative requirements; and far less
funding than demand. Implementation could be increased
by administrative and land-use flexibility and sensitivity to
local priorities. 4. Small communities in aggregate account
for much or most of at-risk population and financial damages
over the past 30 years. Small communities underutilize Federal
programs because of perceived burdens in time, resources,
expertise, and inflexibility to local preferences.
Estimation of Probable Maximum Precipitation (PMP) in Utah
and its Uncertainty - Hongping Gu, Utah State University,
Logan, UT (co-authors - S. Wang, Y. Lin, J. Meyer, R. Gillies, B.
Fosu)
Probable maximum precipitation (PMP) is the theoretical
upper-limit of precipitation under ideal meteorological
conditions for a given area. PMP estimates are one of the key
parameters for safety and engineering design standards of
water-related infrastructure (i.e. dams, canals, storm water
etc.). Utah’s 40-year-old PMP estimates are considered highly
outdated and are updated here using improved observations
provided by both surface station and reanalysis datasets. Also,
refined PMP techniques following the moisture maximization
method are used. This method better accounts for the ideal
meteorological conditions via storm horizontal and orographic
transposition factors; the assumption being that PMP events
occur under scenarios of maximum moisture availability. To
better interpret PMP values, we used a bivariate extreme
value distribution approach to evaluate the uncertainties
of the PMP estimations. Mainly, this approach improves the
reliability of the assumption that precipitation efficiency is
determined by the maximum moisture content. PMP estimate
comparisons based on either surface weather stations or a
gridded reanalysis are presented along with an overview of the
updated techniques that now need to account for the greatly
improved spatial patterns of precipitation and important
meteorological factors.
Achieving No Net Fill in Flood-Prone Areas via Visualization
Database Tool and Market Mechanisms - Richard Pinkham,
Booz Allen Hamilton, Denver, CO pinkham_richard@bah.com
(co-authors – C. Casana, S. Rodriguez, C. Willoughby)
Hurricane Harvey, a Category 4 storm that hit Texas on August
25, 2017, caused tens of billions of dollars of damage in the
Houston area. This included damage to over 200,000 homes,
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most located outside of the 100-year flood plain. Flooding
overwhelmed the City of Houston’s stormwater system
conveyance capability. In response, the city implemented
a new regulation requiring all new structures in the 500year floodplain to be elevated 2 feet above 500-year flood
elevation. Projects may meet this requirement by using fill to
elevate structures to 2 feet above the 500-year floodplain
while offsetting the fill volume by creating an equivalent
volume of new stormwater storage capacity in the same
watershed. This presentation will highlight results of Booz
Allen’s collaborative pilot project with the American Society
of Civil Engineers and the City of Houston to develop tools
to facilitate development under the new regulation. The pilot
project has two objectives: 1) Develop proof-of-concept
visualization database tool for stormwater retention site
identification in a test watershed. The tool will use site
elevation topography, land use, existing structures, and other
factors to identify suitable sites, calculate potential storage
volumes, and provide owner contact information. 2) Propose a
trading platform framework to facilitate a developer’s ability to
negotiate with landowners for the creation of new stormwater
retention capacity to achieve no net fill. A variety of mitigation
bank and market-like approaches will be considered. The team
will demonstrate pilot project products and concepts to local
agencies and developers in the summer of 2019 to obtain
feedback. The presentation will demonstrate the visualization
database tool, discuss the conceptual trading platform, and
explore wider applications.

SESSION 26 | Deer Valley
Advances Using Terrain & Spatial Data
USGS National Hydrography Infrastructure: Current and
Future Direction of Datasets, Services and Systems - Susan
Buto, US Geological Survey, Carson City, NV
The USGS is responsible for the management of Federal
hydrographic mapping for the inland waters of the United
States, including the National Hydrography Dataset (NHD),
the Watershed Boundary Dataset (WBD), and the NHDPlus
High Resolution (NHDPlus HR). To support improved
hydrographic mapping, modeling, analysis, and visualization
into the future, the USGS is moving toward an open and
interoperable system-based approach that will include a
nationwide NHDPlus HR framework, enhanced web-based
services and tools, and an improved ability to link and
discover data referenced to the framework. This presentation
will cover the current status of and future direction of
datasets, services, and systems of the USGS National
Hydrography Infrastructure.
Automated Hydro-Enforcement Of High Resolution Elevation
Models - Brian Gelder, Iowa State University, Ames, IA
High-resolution topographic surveys, typically from lidar,
photogrammetry, or IFSAR, continue to increase in both
detail and areal coverage, creating elevation information
detail that was not readily available 15 years ago. However,
the quantity of data provided continues to present problems
in hydrologic and hydraulic simulations due to numerous
actual flow obstructions such as roads and bridges as well as
artifacts of data processing. Artifacts often occur in heavily
vegetated areas or areas of open water where interpolation
occurs from bank to bank. To remove these obstructions a
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common flow enforcement algorithms remove detail via filling
or breach the depressions at incorrect locations, results in
inaccurate flowpaths. To overcome these difficulties a number
of methods of automated hydrologic enforcement algorithm
have been developed to connects areas of channelized flow
and replace elevations in the DEM as needed to enable flow.
An overarching algorithm has been developed to apply
the methods in the appropriate landscape. The proposed
method utilizes only USGS QL3 lidar surveys or better and
OpenStreetMap road and railroad data. It consists of four
main procedures: initial DEM cleaning and pit filling, reinterpolation in areas of poor coverage, fill region (depression)
delineation by hole punching, and fill region enforcement and
validation. Initial DEM cleaning removes one cell sinks (i.e. “pit
filling”). Re-interpolation attempts to correct for errors in the
generic interpolation process using interpolation algorithms
specifically designed for enforcing flow in designated areas.
Fill region delineation aggregates water flow into watersheds
that meet a pre-selected criteria; this is currently half the
RMSE of the survey or a minimum mapping area, all shallower
watersheds are filled. The fill region cutting and enforcement
process removes remaining obstructions in areas where
channelized flow is likely, primarily across bridges and culverts
but also in areas of narrow channels and incomplete survey
coverage. This involves designating likely upstream and
downstream connections and then searching for a least cost
connection path using the minimum elevation of the upstream
depression to set the cut elevation. Enforced flowpaths are
then tested using fill depth criteria to ensure enforcement
was correct. A comparison of connections enforced by the
algorithms versus connections delineated by a trained analyst
will be presented and indicates agreement better than 95%
in a variety of situations and similar connection lengths. The
automated algorithms also detect channelized flow in some
situations that trained analysts do not. The resulting DEM
should be useful for both elevation analysis and hydrologic
modeling purposes.
Status of the National Hydrography Dataset (NHD) and
National Hydrography Dataset Plus (NHDPlus) - Alan Rea, US
Geological Survey, Boise, ID (co-author - S. Buto)
The National Hydrography Dataset (NHD) is the U.S.
Geological Survey’s geospatial dataset used to portray surface
water in The National Map. The NHD represents the drainage
network with features such as rivers, streams, canals, lakes,
ponds, coastline, dams, and streamgages. The NHD also
includes a linear referencing system based on reach codes
that functions like a street address, and network connectivity
information that, combined, enable analysis and discovery of
information upstream or downstream of a point of interest.
The National Hydrography Dataset Plus (NHDPlus) enhances
the NHD by incorporating two other USGS datasets; seamless
elevation data from the 3D Elevation Program (3DEP), and
delineations of drainage divides from the Watershed Boundary
Dataset (WBD). The NHDPlus comprises an integrated suite
of hydrologic geospatial data sets, including a hydrographic
stream network, polygonal catchment areas representing
incremental drainage areas for each stream network element,
and Digital Elevation Model (DEM) derivatives including flow
direction and flow accumulation rasters. The USGS and U.S.
Environmental Protection Agency (USEPA) collaborated to
produce two versions of the National Hydrography Dataset
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Plus (NHDPlus V1 and NHDPlus V2, released in 2006 and
2012, respectively), using the Medium-Resolution NHD at
1:100,000 scale, 30-meter elevation data from 3DEP, and
WBD. The USGS is now developing the NHDPlus High
Resolution (NHDPlus HR), using the High-Resolution National
Hydrography Dataset (NHD) at 1:24,000 scale or better, 1/3
arc-second (10-meter resolution) seamless 3DEP data, and
nationally complete Watershed Boundary Dataset (WBD).
A first “Beta” version of NHDPlus HR has now (2019) been
developed for more than 3/4 of the Nation, including most
of the conterminous U.S., plus parts of Alaska. A new webbased “Markup Application” is provided to allow users to
easily identify issues in either NHD or WBD, or in the derived
NHDPlus HR data. After these data improvements have been
accomplished for an area, the NHDPlus HR for the area will be
“Refreshed,” and a new NHDPlus HR generated. In this way
the data will iteratively and continuously be improved.
Remote Sensing as a Planning and Stakeholder Engagement
Tool for New Pipe Routes - David Campbell, APEM
STOCKPORT, Greater Manchester (co-author - S. Clough)
Remote Sensing is increasingly being used within the water
industry and can be particularly useful as a tool to help new
infrastructure projects. This presentation will demonstrate
real world examples of projects where new linear routes have
used high resolution aerial imagery for both the planning
stage as well as stake holder engagement. At the planning
stage, remotely sensed data is useful to gather topographic
information to help plan the most efficient pipe route.
However, the high resolution aerial imagery collected at the
same time can also be used to map land cover and sensitive
habitats, highlighting potential constraints and ecological
survey effort required, early on in the planning process. This
type of information can often accelerate the pre-construction
stage of a project by identifying potential issues early. The
aerial data can also be processing into a highly detailed three
dimensional interactive model of the route, overlaid with the
various planned infrastructure. The models are so detailed that
they can be taken to stakeholder engagement events, where
local home and business owners can navigate to their own
property and see the virtual view of the new infrastructure.
This type of interactive modelling, based on real-world high
resolution imagery can often allay local stakeholder’s fears of
the impact the new infrastructure will have.

SESSION 27 | Snowbird
Adaptive Management
How is the U.S. Army Corps of Engineers Adapting
Reservoir Operations to Meet Changing Conditions? Lauren Patterson, Nicholas Institute for Environmental Policy
Solutions, Duke University, Durham, NC (co-authorM. Doyle)
The U.S. Army Corps of Engineers (Corps) operates reservoirs
across the United States. The design and construction of
reservoirs are based on prevailing environmental, societal,
and regulatory conditions, as well as assumptions about
what conditions will be in 50 to 100 years. Nearly 90% of
reservoirs were designed and constructed before 1980;
pre-dating widespread use of computers, understanding
of climate change, new federal or state regulations, and
the migration and concentration of population in urban
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environments. In some instances, these changes can exceed
the capacity of reservoirs to continue operating as originally
authorized by Congress. The Corps, similar to many federal
water management agencies, decentralizes decision-making
to enable a more responsive approach to water management.
Corps Districts and Divisions vary in their strategy to adapt
reservoir operations. We assembled a suite of data on
reservoir operations and design/reallocation documents
along with environmental, societal, and regulatory indicators.
Data were analyzed at the reservoir, District, and Division
scale to understand where change is occurring and how the
Corps is responding to changes. Adaptation strategies range
from short-term, discretionary adjustments, to temporary
deviations (5 to 15 years), to updating reservoir operations, to
reallocating storage space in a reservoir. We found there to
be geographic variability in changing conditions – for instance
the southwestern United States has experienced warming
temperatures, less precipitation, high sedimentation rates,
and large population growth. We also found the majority of
formalized, long-term adjustments to reservoir operations
(reallocations) also occurred in the Corps’ Southwestern
Division. While other Divisions experienced changing
conditions, they responded with different approaches to
adapting reservoir operations. Decentralized decision-making,
while ideal for responding quickly to changing conditions, may
lead to the accumulation of short-term, local decisions over
time to the point that the system is managed differently than
anticipated. Reallocation, which is a form of planned adaptive
management, is expensive and slow. The challenge for any
large water resource management agency is to balance locallevel, responsive discretion with centralized, planned decisionmaking to adapt to dynamically changing conditions.
Regional Economic Performance of an Agricultural
Landscape with Optimal Groundwater Augmentation using
Managed Aquifer Recharge - Dat Tran, University of Arkansas,
Fayetteville, AR (co-authors - K. Kovacs, W. Grant)
Farmers in the Mississippi Delta rely heavily on groundwater
as approximately 90% of groundwater withdrawals in the
region are for irrigation, nearly all of which comes from the
Mississippi Valley Alluvial Aquifer (MVAA). The greatest
losses in groundwater storage occurred in the MVAA,
especially in Eastern Arkansas. Only approximately 44% of
groundwater withdrawal in the region is sustainable. The
projected trajectory of changing climate is likely to intensify
the groundwater depletion in this heavily depleted aquifer.
Previous research indicates that irrigation efficiency adoption
fails to reduce aquifer depletion and surface reservoirs often
lead to strong social and environmental oppositions. Recently,
water policy makers focusing on water supply augmentation
as a mitigation strategy have shifted efforts toward managed
aquifer recharge (MAR). However, little is known about the
cost-effectiveness of an investment in MAR in an agricultural
landscape. Herein, we develop a landscape model that replies
on observed hydro-geologic, agronomic and economic
conditions, and landscape characteristics to provide insights
into the characteristics and conditions that are conducive
to MAR for three 8-digit watersheds in Eastern Arkansas.
We consider the spatial determinants of MAR water use,
the spatial determinants of groundwater conservation, and
economic returns from MAR water use with two modeling
procedures. First, we maximize the present value of net
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returns of 2000 sites in the watersheds over twelve decades
subject to the spatial dynamics of land, irrigation, and the
use of on and off-farm surface water storage, and MAR
water. The second modeling procedure is to use the site-level
results from the first step to estimate through ordinary least
square (OLS) regressions how the initial site characteristics
explain the spatial variation of optimal MAR water use, the
change in depth to groundwater, economic returns, and costeffectiveness from an investment in MAR water. We find that
the spatial optimum in MAR water use indeed follows the
spatial variation of initial well-pumping, natural recharge and
depth to groundwater, implying that the dynamics of crop
choices and natural conditions primarily govern the spatial
variation of optimal MAR water use. MAR water use per acre
is predicted to increase by 0.21% when the pumpage goes
up by one acre-foot/acre, increase by 0.29% when the depth
increases by one foot, and decrease by 0.56% when natural
recharge increases by one foot. However, we find that the
depth has no effect on the cost-effectiveness of an investment
in MAR, indicating that a subsidy to encourage MAR adoption
in already depleted aquifers would not be a cost-effective
approach for society to conserve groundwater. Our paper
introduces an approach not only for estimating economic
benefits of MAR but for evaluating the tradeoffs associated
with the implementation of MAR in an agricultural landscape.
In addition, targeting conservation policies can be difficult to
implement in practice due to lack of site-specific data. Our
proposed model can be served as a complementary tool for
rapid, fist-order assessment of the cost-effectiveness of an
investment in MAR in an agricultural landscape.
Adaptive Management – Defining and Implementing
Triggering Events - Sarah Dominick, Hazen and Sawyer,
Lakewood, CO (co-author - G. Gates)
Water utilities must frame long-term decisions using a
time horizon that includes significant uncertainty. Adaptive
management provides a framework that helps decision
makers understand how near-term options may perform
under varying future conditions. In general, decision makers
want to select robust options that do not limit future
opportunities. Additional options may only be selected
if needed for a specific set of circumstances (e.g. rapid
population growth or diminished supply). These options
require consideration of potential triggers that are dynamic
and uncertain at the time of planning. Decision-making is
inherently uncertain. For example, changes that affect water
demands may be economically or socially driven, while
supplies vary based on hydrology and climate change. To
mitigate uncertainty, municipalities across the West have
implemented adaptive strategies that use triggering events
to guide action. Example triggers include reduced reservoir
storage that triggers drought management. Likewise, longer
term triggers could be a combination of system storage
capacity or yield and anticipated demand as well as the
trend in these metrics. Triggers are often developed based
on primary drivers of change. For water supply, variability in
streamflow, storage, or groundwater levels are be important.
Water demand is largely driven by population and water
usage, which are influenced by customer values and economic
conditions. Climate change adds additional uncertainty,
making temperature and/or precipitation important
metrics. Determining a change in water supply or average
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demand may not be practical. As such, surrogate metrics
or combinations of metrics may be necessary. Likewise, if a
given metric does not provide sufficient lead time for a given
action, it may not ultimately be useful. Many utility adaptive
plans rely on a continuous planning process, where metrics
are regularly reassessed, and plans adjusted to reflect the
latest status and trends. While utilities often develop specific
processes for decision making that meet their needs, few have
developed a comprehensive framework for adaptive planning.
As such, there are relatively few available examples of adaptive
plans and even fewer examples of full implementation and
use. The presentation will provide a framework for utilities to
consider when creating an adaptive plan.
Decision Making Under Uncertainty for Water Resources
Management: The CRIDA Approach - John Matthews,
Alliance for Global Water Adaptation, Corvallis, OR (coauthors - G. Mendoza, A. Jeuken, E. Stakhiv, K. Gilroy,
J. Kucharski)
As water managers, we rely on governance systems and
infrastructure that are relatively fixed and designed to
remain in place for decades. Given this inflexibility, how do
we plan for a future that is deeply uncertain and increasingly
variable? During this AWRA presentation, participants will
learn about a next-generation methodology for assessing
and addressing climate risk in water resources management
and planning. Climate Risk Informed Decision Analysis, or
CRIDA, is a five-step water resources planning framework
that supports decision making when uncertainty about
future conditions exists, high levels of confidence in
quantitative solutions are necessary, and/or low levels
of tolerance to failure are present. CRIDA is a means for
implementing holistic climate-resilient water resources
solutions — especially around infrastructure investments
and water resources management. CRIDA provides a
structured, stepwise process for technical professionals
to navigate the decision making spaces between senior
decision makers and stakeholders. While building on existing
“bottom-up,” risk-based methods, CRIDA helps planners
address deep uncertainties associated with climatic,
demographic, land-use change, and other potential causes
of system failure. Based on the level of future uncertainty,
CRIDA supports the development of robust and/or flexible
solutions. CRIDA also explicitly acknowledges the critical
significance of governance and eco-hydrological systems in
achieving holistic, sustainable, and resilient outcomes. The
goal is to mainstream robust and flexible approaches to
water management by institutionalizing these methods into
consistent, replicable, and accessible outcomes — especially
in data-poor regions. Issued by UNESCO’s International
Hydrological Program (IHP), CRIDA was developed
through the sustained efforts of the International Center
for Integrated Water Resources Management (ICIWaRM),
the Dutch Water and Infrastructure Ministry, Deltares, the
Alliance for Global Water Adaptation (AGWA), and SESYNC.
CRIDA published in October 2018, but the methodology has
been in development for many years and has already been
applied in at least 19 countries. The CRIDA guidebook is
currently available in English, and a Spanish version is being
prepared. The open-source PDF as well as other resources
can be found at https://AGWAguide.org/CRIDA.
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SESSION 28 | Sundance
Non-Governmental Organizations on the Go!
Innovative Approaches to Resilience on the Upper Texas
Coast: Communicating scientifically-informed data for action
towards flooding mitigation - Stephanie Glenn, Houston
Advanced Research Center (HARC), The Woodlands, TX
(co-authors – R. Bare, B. Bass, Q. Song)
Hurricane Harvey brought record rainfall to Houston; the
resulting flooding led to regional devastation, impacting
lives, homes and livelihoods. The storm also had numerous
environmental impacts. The proposed discussion highlights
two response efforts funded by local foundations to
promote regional resilience: a swift turnaround to aid
evaluation of immediate environmental impacts and
a truly unique longer timeframe regional project that
focused on planning recovery and response efforts for
the next flood. The Houston Advanced Research Center
(HARC), a regional nonprofit research hub, responded
with development of a story map showing data and
information about the flooding and related environmental
impacts, such as storm-related spills, pollutants, Superfund
site impacts, and water quality. The resulting analysis
was shown through narrative summaries, maps, and
infographics in the story map, “Summarizing Hurricane
Harvey’s Environmental Impacts”. Three local foundations
came together to fund a major collaborative effort: The
Greater Houston Flood Mitigation Consortium. Leading
researchers from local academic institutions, including
HARC, Rice University, Kinder Institute, Texas Southern
University, University of Houston, Texas A&M and others,
came together to learn from a broadly scoped knowledge
base to assess scientifically-informed data about flooding
risk and mitigation opportunities. The Consortium’s
key research objectives were to provide public officials
with the best possible information available in their
management deliberations and to provide residents access
to information that will help them better understand
and advocate for the options that work best for their
communities. The Consortium finalized their work in May
of 2019; they met for just under two years and produced
a wide body of work, including modeling and research
studies. This discussion will give a brief overview of the
Consortium’s findings and actionable results.
Kick-Starting a Large Program - John Buttz, HDR
Engineering, Inc., Sacramento, CA (co-author – A.
Rodriguez)
Program management is a favored approach for
implementing large water resource infrastructure projects.
A key to successful program management is to get off
on the right foot, through a well-planned and executed
“quick start” (mobilization) effort. While every program
is unique, and “one size doesn’t fit all,” there are key
efforts that do broadly apply. In this presentation, we will
provide an overview of a proven, step-by-step process
for mobilizing a large program. CREATE A COHESIVE
TEAM: Most programs involve bringing owner and
consultant parties together to form a cohesive team. We’ll
present the three “Cs” of creating a cohesive team--colocation, communication, and collaboration. PLAN THE
MOBILIZATION EFFORT: The first 100 days of a program
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can make or break its success. This mobilization period
must be carefully, thoroughly planned and executed.
We will present a Quick Start Workplan tool that others
can easily adopt for their use. This workplan helps team
members plan and visualize all the efforts needed,
while establishing clear lines of communication and
accountability. CREATE THE PROGRAM MANAGEMENT
PLAN: Most programs are mobilized in two parallel paths—
(1) creating processes and procedures and (2) establishing
technical direction. During mobilization, a number of
processes and procedures are implemented that serve as
the “backbone” for program operations; these are captured
in the Program Management Plan (PMP). A key PMP
component is defining governance—what decisions does
the owner retain vs. delegating to team members. We will
provide a very brief overview of the 15 to 20 most common
PMP components. VALIDATE WHAT WILL BE BUILT: It
is critical that the technical direction of a program be
confirmed at the very start. Oftentimes participants believe
they know what “project” is being built, while in fact there
can be very different views on this. Through an intense
“project validation” process at the start of a program, we
confirm exactly what is being built, including establishing
delivery methods for the various components. Coming
out of the project validation effort, a baseline budget and
schedule is established. We will provide an overview of the
validation process.
Informing Basin-Scale Water Management With
Local Hydrologic Information: Emerging Roles For
Nongovernmental Organizations - Robert Van Kirk, Henry’s
Fork Foundation, Ashton, ID (co-author – J. Laatsch)
Water management in large, western river basins is
conducted primarily by federal and state government
agencies. In most cases, water supply, streamflow, and
system optimization modeling is conducted at large spatial
scales by regional offices within agencies such as the U.S.
Bureau of Reclamation and National Weather Service.
Local input to basin-scale management can be provided
by non-governmental organizations (NGOs) such as
watershed councils and by regional universities; however,
this input usually informs relatively coarse-scale planning
and strategy rather than day-to-day operations, especially
in systems with multiple management objectives such as
irrigation, flood control, and hydropower production that
must be coordinated across numerous federal facilities.
As agency budgets decline, fewer staff must cover larger
geographic areas. This more centralized decision-making
has opened up opportunities for NGOs to provide local,
real-time technical and scientific information that can
inform day-to-day management. In the upper Snake River
basin, which supports both world-class trout fisheries and
large-scale irrigated agriculture, a number of conservation
NGOs participate in aspects of water planning and
management. One of these organizations—the Henry’s Fork
Foundation (HFF)—has recently developed the scientific
and technical capabilities to conduct high-resolution
hydrologic science at the subwatershed scale. This includes
predictive modeling of streamflow, irrigation demand, and
reservoir operations at daily and even hourly time scales.
Through formal stakeholder groups such as the Henry’s
Fork Watershed Council and through daily communications,
HFF’s local hydrologic information is now being considered
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by water users and managers in day-to-day decision
making. In 2018, additional management precision
afforded by HFF’s daily hydrologic reports increased local
storage reservoir carryover by 17%, benefitting local water
users and fisheries without any negative consequences
to the basin-wide nine-reservoir system. Despite these
successes, agency mandates and constraints limit the
extent to which local data can contribute to basin-wide
decisions. Furthermore, HFF and its NGO partners must
rely on trust and rapport with agencies and water users
to meet conservation goals, emphasizing the important
role of collaborative groups such as watershed councils in
facilitating such relationships.
Gaining Support through Targeted and Transparent
Involvement and Outreach - Marsha Miller, HDR
Engineering, Inc., Phoenix, AZ (co-author - T. Champo)
“As communication methods evolve, access to information
increases and groups can mobilize in moments. This means
all agencies face an increased risk of public scrutiny.
Development of a targeted and deliberate Communications
and Engagement program can build awareness, garner
support, change public perception, and engage critical
decision makers at the right time to minimize risk and
enhance reputation. This presentation demonstrates how
to employ strategic communication strategies, tactics
and technologies to strengthen public awareness and
engagement. Learn from real-life case studies of large
infrastructure projects, such as the Harris County Flood
Control District re-mapping and the Uinta Basin Railway
Environmental Impact Analysis, to turn opposition into
advocates by doing the following:
• Audience identification and disposition analysis.
• Project ambassador development and implementation.
• Proactive media strategy and messaging.
• Digital and social media management.
• Transparency through interactive websites and
technology.”

WEDNESDAY NOVEMBER 6
8:30 am - 10:00 am
Concurrent Sessions - 29, 30, 31, 32, 33
SESSION 29 | Deer Valley
Watershed Studies
Soil Moisture And Precipitation Measurements Influence
Urban Vegetable Gardener Water Use Attitudes And
Behaviors - Steven Burian, University of Utah, Salt Lake
City, UT (co-authors – J. Carlisle, H. Kim, A. Patterson, S.
Finlayson, J. Loomis, R. Plaizier, J. Stott, D. Hassan, E. Kim,
K. Kim)
Cities could feed a significant part of their population if
land within its boundaries were efficiently used for farming.
However, improving the environmental sustainability
of farming in urban areas remains a need. To improve
environmental performance of urban agriculture, a
research study linking the University of Utah and Wasatch
Community Gardens in Salt Lake City, Utah is investigating
attitudes and behaviors of community gardeners toward
water use, and how they are influenced by soil sensor and
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precipitation observations. One managed urban farm and
two community gardens were included in the study. At the
managed farm, soil moisture sensors and a weather station
were deployed to study the influence of different irrigation
patterns on soil biophysical properties and soil health.
And at the community gardens, plots at one garden were
equipped with soil moisture sensors and no sensors were
deployed at the other garden. Surveys and interviews were
conducted of the farmers at both community gardens to
understand their attitudes and behaviors related to water
use. Water use was also monitored with measurement
devices and participant observation. The results will
provide insight into the effects of farmer attitudes and
behaviors and the effect of sensor observations on water
use and the resulting impact on soil biophysical conditions
(i.e., soil moisture).
Considerations For The Delineation Of Drainage Networks
From High-Resolution Topographic Data Across Variable
Land Uses - Daniel Jones, United States Geological Survey,
West Valley City, UT (co-authors – M. Metes; M. Baker; A.
Miller; D. Hogan; J. Loperfido; K. Hopkins)
Stream channels act as conduits for water, nutrients,
sediment, and organisms, exhibiting seasonal variations
driven by climate. Although extensive federal and state
regulations have been enacted to reduce impacts to
streams, many regulations rely on coarse representations
of stream networks that under-represent headwater
reaches, resulting in uncertainty in the magnitude of
headwater habitat loss, stream burial, and alterations
to watershed function. Increased availability of highresolution topographic data makes the delineation of loworder headwater channels more attainable. In this study,
high-resolution topographic light detection and ranging
(lidar) data covering a forested and an urban watershed
in the Maryland Piedmont region were used to explore
various channel delineation methods across variable land
uses. Filters of topographic openness, stream power
index, and topographic wetness index were applied to
generate channel networks and then compared against a
comprehensive field survey of ephemeral channel heads
in each watershed to evaluate performance. Ephemeral
channels were captured by methods with less-restrictive
threshold filters with corresponding increased commission
errors, while the more restrictive threshold filters primarily
captured the perennial portion of the drainage network
with substantial omission errors. Differences between the
forested and urban watersheds reflect the influence of
engineered drainage infrastructure on topographicallyderived networks. While none of the methods were able
to fully capture the drainage structure observed in the
field, the results reflect the variable nature of drainage
networks across land uses and variable wetness conditions,
highlighting important considerations for modeling
drainage networks across land uses.
Assessing Effect Of Past Climate In Feather River Basin Rebeka Sultana, California State University Long Beach,
Long Beach, CA
There is a near consensus among scientists that climate has
been changing for the last few decades in different parts
of the world. Some regions are already experiencing the
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impacts of these changes. Warmer climate can alter the
hydrology and water resources around the globe. Historical
data shows the temperature has been rising in California
and affecting California’s water resource by reducing
snowfall and snowmelt runoff during spring season. As a
case study, Feather River basin, a mountainous watershed
in northern California is selected. More than 30 years of
climate data from the watershed’s observation stations
are analyzed which shows minimum temperature in the
watershed is increasing. Changes in precipitation and
maximum temperature varies within the watershed and is
either increasing/decreasing or no significant change (p
value < 0.05) is observed. Annual and seasonal streamflow
is also decreasing at various rates. To quantify the impact
of historical climate change on the streamflow, Soil and
Water Assessment Tool (SWAT) model is used to simulate
Feather River basin. The results show that warmer climate
in the recent decades (1995-2018) have already affected
streamflow characteristics of the watershed. Compared to
the 1965-1974, the mean annual streamflow has decreased
more than 6% and the peak streamflow has shifted from
May to April. Understanding the changes will assist the
water resource managers with valuable insight on the
effectiveness of mitigation strategies considered as of now.
The Dust Bowl, The CCC, and Great Salt Lake: A Story Ashley Kijowski, State of Utah, Hooper, UT
The wetlands surrounding Great Salt Lake have been
heavily influenced by humans. As the pioneers began to
arrive in Utah, they created aqueducts and canals to divert
water to where they needed it. Agriculture was booming in
Utah and all over the U.S. with little to no regard for water
conservation. The landscape became dry and exposed
to the wind, which created large dust storms all across
the U.S., this occurrence was famously dubbed “The Dust
Bowl”. Not many people are aware, but the Dust Bowl also
affected northern Utah residents. The issue became so bad
across the US. that FDR created the CCC to help mitigate
the damage done to the landscape and also to help
restore America’s wildlife. The work of the CCC in Utah is
impressive and had a major impact on our landscape that
we know today. Today, Utah is experiencing a long-term
drought and a boom in human population and for these
reasons, it is important to take another step toward water
conservation. The consequences of allowing our Great
Salt Lake to dry up are numerous and have already been
witnessed in other areas of the world. We can learn from
these unfortunate stories to ensure that northern Utah
residents and our wildlife are happy and healthy for many
years to come.

SESSION 30 | Brighton
PANEL: Interdisciplinary Water Optimization Using
the Land-Grant Model
Panelists: Dr. Kelly Kopp, Plants, Soils, and Climate
Department, Utah State University, Logan, UT
L. Niel Allen, Utah State University, Logan, UT
Joanna Endter-Wada, Department of Environment and
Society, Utah State University, Logan, UT
Larry A. Rupp, Plants, Soils, and Climate Department, Utah
State University, Logan, UT
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Matt Yost, Plants, Soils, and Climate Department, Utah State
University, Logan, UT
Paul Johnson, Plants, Soils, and Climate Department, Utah
State University, Logan, UT
Robert Gillies, Plants, Soils, and Climate Department, Utah
State University, Logan, UT

As the second driest and third fastest growing state in the
nation, Utah is searching for solutions to accommodate
that growth and maintain agricultural production and
quality of life with limited water resources. This session will
highlight water optimization in agriculture crops and urban
landscaping as grounded in interdisciplinary science through
the Land-Grant model at Utah State University. Presentations
will highlight:
1) The Land-Grant model and its mandate to develop and
disseminate science-based water-conservation programming.
This includes developing political support within the
university and the State of Utah agencies and the legislature.
2) The importance of interdisciplinary research and
programming that involves overarching disciplines related
to water conservation. We will highlight climate science
and its integration of climate and drought monitoring that
helps state government and its citizens plan for current and
future realities of water availability. We will also describe the
incorporation of social sciences into conservation outreach
through programs such as WaterMAPS™ which track
public conservation efforts while simultaneously educating
the public on water use and options for increased water
optimization.
3) The Cooperative Extension model of collaboration with
water purveyors, communities, irrigation companies, farmers,
landscapers, and citizens to test theory and implementation
of water conservation and optimization strategies and
to dispel misconceptions. As examples, we will feature
advanced agricultural irrigation systems such as low
energy precision application (LEPA) and precision mobile
drip irrigation (MDI), and the use of innovative irrigation
scheduling of on-farm applications through partners from
several sectors. We will also describe urban turfgrass
irrigation optimization through outreach education and
the WaterCheck© program which measures and improves
landscape irrigation efficiency. These applied research
efforts help demonstrate the most effective and economical
strategies to optimize water use in the state.
4) The implementation of a Masters of Professional Studies
in Horticulture program and its goal to prepare employees to
address the combined challenges of urban landscape water
conservation and its interaction with the public. Using these
examples from diverse projects, the presenters will stress the
value of basing Extension and teaching efforts on sciencebased research.

SESSION 31 | Sundance
Nutrients & Isotopes
Montana’s Precipiation Isotope Network (Mtpin): Data and a
Year’s Worth of Lessons - Camela Carstarphen
Montana Bureau of Mines and Geology, Butte, MT (co-author –
J.Timmer)
The Montana Bureau of Mines and Geology developed
a pilot network to collect monthly precipitation samples
for stable isotope analysis from eight sites in southwest
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and western Montana (the Lolo, Upper Clark Fork, Lower
Blackfoot, and Upper Missouri Watersheds). October 2019
marks the completion of the first year of monthly composite
sample collection. Characterizing the natural stable isotope
variations (18O/16O and 2H/1H) in precipitation supports
identification of groundwater recharge sources. Isotope
analysis of groundwater and surface-water is fairly common,
however the isotopic composition of Montana’s precipitation
is not well documented. Objectives of the pilot program
include documenting the variation in isotopic composition
of precipitation, establishing sampling and handling
protocols, and evaluating the utility and feasibility of longterm network operation. Each site consists of a precipitation
sampler paired with a climate station, such as a Montana
Climate Office Mesonet station, or a Natural Resources
Conservation Services (NRCS) snow telemetry (SNOTEL)
site. Precipitation is collected with the International Atomic
Energy Agency’s Global Network of Isotopes in Precipitation
(IAEA’s GNIP) recommended sampler. Samples are decanted
into 20 ml HDPE conical capped bottles with no headspace
for analysis at MBMG’s Analytical Lab using cavity ringdown spectroscopy. Compositions are calibrated to the
international Vienna Standard Means Ocean Water (VSMOW)
standard using two references (USGS 48 – Puerto Rico (δ2H
= -2‰, δ18O = -2.224‰) and USGS 47 – Lake Louise (δ2H =
-150.2‰, δ18O = -9.8‰) and comparison to a known standard
(snow melt) from Lone Mountain, Montana with a δ2H =
-200.8‰ and a δ18O = -26.78‰. Data are disseminated
through the MBMG Ground Water Information Center (GWIC)
website and are included in the Global Network of Isotopes in
Precipitation database. Two sites (Lolo and Lower Blackfoot
basins) include groundwater and surface water sampling
stations. In addition, four of the sites had at least one sample
analyzed for tritium. Evaluation of winter precipitation
collection methods included comparison to results from an
older GNIP protocol that uses an open bucket. Monthly snow
pack measurements and samples were collected at 3 high
elevation sites in order to document composition from
precipitation to snowpack over time.
Biomass Production with Conservation Practices for Two
Iowa Watersheds - Miae Ha, Argonne National Laboratory,
Lemont, IL (co-author – M. Wu)
Bioenergy crop production is an alternative fuel source that
reduces greenhouse gas emissions and improves water quality
using cellulosic feedstock sources. Biomass feedstock includes
grains, agricultural residue, forest residue, energy crops, and
algae. This study focuses on potential changes in nutrient,
suspended sediment, and streamflow with various biomass
production scenarios with conservation practices under
landscape design. Major corn and soybean crop lands were
selected for study areas: the South Fork of Iowa River (SFIR)
watershed and headwater Raccoon River watershed (RRW). A
physically based model, the Soil and Water Assessment Tool
(SWAT), was used to simulate hydrology and water quality
under different scenarios with conservation practices and
biomass production. The model input includes DEM, landuse,
soil, meteorological data and agricultural management
operations. SWAT models were calibrated and validated from
1996 to 2015 for SFIR and from 1997 to 2016 for headwater
RRW (20 years), with 24 years of climate data. A scenario
is based on the Antares landscape design, conservation
practices, and biomass production; riparian buffer, riparian
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buffer and saturated buffer, and grassed waterways as
conservation practices, various stover harvest rates of 30%,
45%, 70% with/without winter cover crop, and marginal land
conversion to switchgrass. Agricultural conservation practices
at the HUC 12 scale in a watershed can improve water
quality from agricultural nonpoint source pollution, which
incorporated with USDA’s ACPF design and conservation
service guidelines. Conservation practices and landscape
design with different feedstocks are shown to significantly
improve water quality while supporting sustainable biomass
production. Model results of nitrogen, phosphorus, and
suspended sediments were analyzed for temporal and spatial
scale. This study can help decision makers develop future
biomass production plans including geospatial variation,
feedstock type, and stover harvest rates considering
economic, environmental, and political issues.
Isotope Tracers in Nutrient Source Tracking (NST) of Nitrate
in Surface and Groundwater - Sean Ahearn, BETA Analytic
Miami, FL (co-authors - H. Gershon, M.F. Goren)
NO3- contamination is an increasing problem worldwide.
Anthropogenic activity continues to stress nutrient balance
in shallow groundwater systems causing both short and
long term consequences. Point source and nonpoint source
infiltration can be difficult to differentiate. Here we present
some of the leading techniques in isotope tracers and their
applications to Nutrient Source Tracking (NST) with a focus
on nitrate isotopic fingerprinting. δ18O and δ2H values of
water have been used extensively to determine the origins of
water within the water cycle. δ18O and δ15N values of nitrate in
concert with physical hydrological and hydrogeochemical data
can be used to determine the source (e.g. agricultural, septic,
precipitation) and the fate of NO3- -N. Within the hydrological
cycle, phase changes fractionate both O and H water isotopes.
These changes in mass are characteristic of where the water
precipitated. Isotope values of local rainwater infiltration will
have a different value compared to a distant groundwater
recharge source. Isotopic measurements of O and N of NO3can be used to suggest the source of nitrate since different
sources have differing average isotopic values. Continuous
monitoring of stable isotopic values are used to determine
nutrient cycling, also referred to as the fate of nitrate. The fate
of nitrate in a system can vary from attenuation to nitrification
depending on environmental conditions and as a result, these
natural processes can affect the original signal and create
noise in a data set. Incorporating hydrological measurements
such as flow direction and magnitude allows for strategic
sampling. Together these isotope tracers can be used to
suggest the type of nitrate contamination and its origin. These
techniques have been applied to watershed studies on both
large regional and small local scales in order to determine
major and minor contaminant sources where agricultural land
use is extensive. Outside of agriculture, isotopic measurements
have been applied to urban areas to determine septic
infiltration as well test resiliency projects.
Characterizing Inter-Annual Variability In Nutrient Sources
And Stream Loadings Using A Hybrid Bayesian Watershed
Model - Jonathan Miller, North Carolina State University,
Fuquay-Varina, NC (co-authors - K. Karimi, H. Strickling, S.
Arumugam, & D. Obenour)
Excessive nutrient loading is a major cause of water quality
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degradation worldwide. This is especially true in North
Carolina (NC), where reservoirs and coastal systems are often
subject to hypoxia and harmful algal blooms that jeopardize
water supplies and coastal economies. Efficient nutrient
management requires that various loading sources are
accurately quantified. However, loading rates from various
urban and rural non-point sources remain highly uncertain,
and reported values vary greatly across different studies.
Furthermore, statistical calibration of loading models does not
always yield plausible results, given the noisiness and paucity
of observational data common to many locations. To address
these issues, we leverage a large regional dataset across four
decades (1982-2017) using a parsimonious watershed loading
and transport model calibrated within a Bayesian hierarchical
framework. We explore temporal drivers of loading within that
time frame by incorporating annual changes in precipitation,
land use, and other source information directly within the
model formulation. The model is used to characterize loading
from various sources under different levels of precipitation
and also explores the effect of stream buffers to mitigate
nutrient export. Specifically, our prior knowledge (based
on literature review) of nitrogen source export coefficients
and related model parameters is probabilistically updated
through Bayesian inference, considering model fit to observed
data (i.e., the likelihood). The updated posterior parameter
estimates have significantly reduced uncertainty and allow
us to realistically apportion nutrient loading across two large
NC Piedmont watersheds that feed major urban water supply
reservoirs. Results show the difference in nutrient export from
natural and anthropogenic land covers, apportion the percent
of nutrient loadings to each source (i.e., land covers, point
sources), and are used to forecast future nutrient loading
scenarios based on potential development (and management)
in the region.

SESSION 32 | Alta
Colorado River Basin: Current Efforts
Sustainability vs Urban Demand - The Southern Nevada
Groundwater Development Battle - Norm Jones, Brigham
Young University, Provo, UT (co-author - A. Mayo)
Sustainability in playing an increasingly important role in
long-term management of groundwater resources. But
ensuring sustainability requires a balance between competing
demands, and that balance can sometimes be difficult
to achieve. In 1989, the city of Las Vegas filed a series of
applications to the Nevada State Engineer for new water
rights in order to build a massive network of wells, pumps,
lift stations, and 300 miles of pipeline to draw water from
several basins in east-central Nevada and transfer the water
to Las Vegas to meet ever-increasing water demand in the
region. As currently configured, the proposed project would
take 27 years to construct and would cost $15B, including
financing costs. It would be the largest interbasin transfer of
water in the history of the United States. During the 30 years
that have passed since the original applications were filed,
the project has faced fierce opposition from environmental
groups, indigenous tribes, and landowners and water rights
holders in the region. Before construction can begin, the
project and the water rights must obtain approval from the
Nevada State Engineer (NSE) and overcome lawsuits and
challenges from opponents. One of the key issues in the case
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is long-term sustainability. As technical experts representing
a cattle ranch in Spring Valley, Nevada, we have presented
evidence to the NSE using long-term groundwater modeling
simulations showing that due to the geometry of the basin
and the location of the proposed wells, the project will never
reach equilibrium, and would result in perpetual groundwater
mining. This evidence forced a re-examination of the project
and ultimately compelled the NSE to deny the water right
applications. This decision is currently being appealed and the
legal battle continues.
Planning for Growth in the Central Arizona Groundwater
Replenishment District - Jessica Fox, Central Arizona Project
Phoenix, AZ
The Central Arizona Groundwater Replenishment District
(CAGRD) was established in 1993 to provide a method for
landowners and water providers to demonstrate one of the
requirements necessary to secure a 100-year Assured Water
Supply (AWS) under Arizona law. The Arizona Department
of Water Resources (ADWR) AWS Rules limit the quantity
of groundwater that a new development may use in order
to prevent it from relying solely on mined groundwater to
satisfy its water demands. If a landowner or water provider
has no direct access to Central Arizona Project water or other
renewable supplies, but has access to sufficient groundwater
to demonstrate an AWS, it may use groundwater, provided it
becomes a member of CAGRD. As a member, the landowner
or water provider must pay CAGRD to replenish any
groundwater pumped by the member which exceeds the
pumping limitations imposed by the AWS Rules. CAGRD is
required to develop a Plan of Operation every ten years. The
primary purpose of the Plan is to document the actions of
CAGRD over the past ten years and to describe the activities
that CAGRD proposes to undertake during the ten-year and
100-year periods following Plan submission. The Plan must
include a projection of new membership enrollment and a
projection of annual replenishment obligation. CAGRD’s latest
Plan of Operation was approved in 2015 and covers the tenyear period from 2015-2024. In 2019, CAGRD conducted a
Mid-Plan Review, a comprehensive assessment of mid-term
trends and discussion of where those trends may lead over
the remaining planning period. Since the start of the century,
Arizona experienced exceptionally high volatility in growth
and housing development which has had a profound effect on
the growth of CAGRD and added to an already difficult water
resource planning challenge. The CAGRD’s connection to new
subdivision activity places it squarely at the intersection of
land use, growth and water policy. It also adds uncertainty to
projections of CAGRD’s future replenishment obligation. This
presentation provides an overview of CAGRD operations and a
discussion of the ongoing planning challenges detailed in the
Mid-Plan Review.
Cross-Basin Climate connecting the Colorado River Water
Supply and the Great Salt Lake - Simon Wang, Utah State
University, Logan, UT (co-authors - R. Gillies, C. Shen,
B. Pokharel)
The 2013 federal Colorado River Basin Water Supply and
Demand Study projected the water imbalance between
future supply and demand to increase. The Colorado water
supply (WS) exemplifies a pronounced quasi-decadal
oscillation (QDO) of 10–20 years throughout its historical
record; however, this QDO feature is unaccounted for in the
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climate models used to project the future WS. Adjacent to
the Colorado River, the large watershed of the Great Salt
Lake (GSL) in Utah records the hydrologic QDO signal in
its water surface, leading previous studies to explore the
cause of decadal fluctuations in the lake elevation and assess
predictability. This study reports a remarkable coherence
between the Colorado WS and the GSL elevation at the 10–
20-yr time scale. Analysis of precipitation and terrestrial water
storage anomalies suggests a cross-basin connection in the
climate and hydrometeorological variations of the Colorado
WS and the GSL. The 160-yr-long and well-kept GSL elevation
record makes it an effective indicator for the Colorado WS.
The Lake Powell Pipeline: Part of a Comprehensive Plan
to Support Southern Utah’s Vibrant Communities - Josh
Cowden, Stantec Consulting Service Inc., Fort Collins, CO
(co-authors - J. Williams, B. Hjelle, D. Clayson, J. Fredell
Southwest Utah is one of the fastest growing regions in the
nation and currently obtains all of its water supplies locally
from Virgin River Basin surface water and groundwater,
which are at risk from a changing climate. The region has
accomplished much to date in its efforts to conserve,
and area providers like the Washington County Water
Conservancy District and Kane County Water Conservancy
District will continue to implement and adapt robust
conservation plans. But conservation alone cannot meet
the growing need nor address threats to the dwindling
local, single-source supply. The State of Utah (State)
plans to build the Lake Powell Pipeline (LPP) as part of a
comprehensive, long-term water supply plan for southern
Utah that includes new resource development and increased
water conservation. The LPP will bring a needed second
source of water to Washington and Kane Counties in order
to meet future water demands and diversify the regional
water supply portfolio and enhance its reliability. The LPP
is a unique project in the region and nation for its scale
and multi-agency involvement. The LPP will deliver 86,249
acre-feet of Utah’s Colorado River allocation from Lake
Powell through an approximately 140-mile buried pipeline
to Washington and Kane counties. The project crosses two
states and involves multiple federal, state, local, and tribal
agencies. The State continues to reach out and collaborate
with involved agencies as it works through the permitting
process. Several valuable lessons have emerged during
project development that are transferable to other water
providers as we all plan for an uncertain future.

SESSION 33 | Snowbird
Open Data Governance & Standards
Making USGS Water Budget and Availability Information
more FAIR - David Blodgett, US Geological Survey, Madison,
WI (co-authors – M. Dalton, M. Maupin)
The USGS Water Mission Area is evolving its ongoing
water budget estimation efforts toward a more cohesive
multi-extent, stakeholder driven, near real-time census and
seasonal prediction of water availability. Collectively called
Integrated Water Availability Assessments (IWAAs), this new
way of organizing USGS water availability science combines
resources and knowledge gained from previous and ongoing
USGS efforts such as the National Water Quality Assessments
(NAWQA), Focus Area Studies, Regional Groundwater
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Availability Studies, Water Use estimation, Ecological Water
Needs, and Streamflow estimation, in addition to utilizing
and providing feedback to the National Water Model. This
presentation will describe the content and dissemination
strategies being pursued for information resources related
to the IWAAs. Potential future data, tools, and related best
practices to serve the regional and national assessments will
also be discussed. Topics will include Water Use information
gathering and synthesis strategies, currently available and
planned offerings of baseline daily water budget data, and
a broad status update on USGS water information systems.
With the IWAAs and these topics as context, this presentation
will provide background on community standards and best
practices that are being used and developed by the USGS and
water resources community to make hydrology data more
FAIR for everyone.
Integrating Water Data: New Mexico’S Water Data Act Stacy Timmons, New Mexico Bureau of Geology, New Mexico
Tech, Socorro, NM (co-authors - M. Stansbury, L. Sanchez)
As the southwest US is facing a hotter and drier future
climate, New Mexico has recognized its need for improved
water security and accessible data for water management
decisions. During the spring 2019, legislation, called the Water
Data Act, House Bill 651, was enacted to provide guidance for
state agencies to begin work on integrating and coordinating
their water data. Following legislative requirements,
several directing state agencies, with leadership from the
state geologic survey (the New Mexico Bureau of Geology
and Mineral Resources), will integrate state and local data
including streamflow, precipitation, reservoir and irrigation
system operations, groundwater use and levels, municipal and
industrial water use and land uses; data on water rights, water
diversions and water quality; and data on fish, aquatic and
riparian systems and ecological data. Funding for this effort
is provided to and administered by the state survey, which
also allows contribution of outside funding to put towards any
agency’s efforts toward the Water Data Act. This presentation
will provide an update on progress in New Mexico, including
initial steps toward data inventory, identifying stakeholder
needs and uses of water data, developing common water data
standards, with challenges and opportunities encountered.
The Internet Of Water - Lauren Patterson, Nicholas Institute
for Environmental Policy Solutions, Duke University Durham,
NC (co-authors - P. Colohan, M. Doyle, A. Ward)
Skillful and adaptive management of water resources in
the 21st century requires an advanced and open water
data infrastructure. While water data have been collected
by federal, state, and local agencies for decades, much of
it is not open or following FAIR data principles (Findable,
Accessible, Interoperable, and Reusable). Currently, water
data are collected by different agencies, for different
purposes, at different scales, and are scattered across
multiple platforms using different standards. This limits their
ability to be integrated and put to additional use in a timely
manner to answer even basic questions about our river basins
and aquifers in a timely way, namely: how much water is
there, what is its quality and how is it being used. A broad
coordinating effort is needed to convene and consolidate this
fragmented system to ensure that data can be discovered and
shared across platforms to reduce uncertainties and costly
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inefficiencies in water decision-making as water resources
become more constrained. The Internet of Water (IoW) is
designed to provide coordination to the governance and
technical standards needed for much of our water data
to become FAIR. The IoW envisions a world engaged in
sustainable water resource management enabled by open,
shared, and integrated water data and information. The
components of the IoW already exist (producers, hubs, and
users), but the work of sharing and integrating data between
them is not a primary mission for any of them. It is the mission
of the IoW is to build a dynamic and voluntary network of
communities and institutions to facilitate the opening, sharing,
and integration of water data and information. To learn more
about the IoW, visit: https://internetofwater.org/.
Expanded Open Data Publication of Federal Western Water
Management Data through the Reclamation Information
Sharing Environment (RISE) - Allison Odell, US Bureau
of Reclamation, Lower Colorado Region, Boulder City, NV
(co-authors - L. Brekke, K.Nowak, S. Poulton, J. Nagode, O.
Mocanasu)
The Bureau of Reclamation is a Federal water management
agency focused on meeting the increasing water demands
and balancing the multitude of competing uses of water in
the 17 Western states. Reclamation manages, develops, and
protects water and related resources such as hydropower,
lands, and ecosystems while protecting the environment and
the public’s investment in these resources. To support these
efforts, Reclamation collects and produces a substantial array
of data, ranging from observations of hydropower generation,
model projections of reservoir releases, surveys of endangered
species populations, and detailed information about facilities
and lands. The OPEN Government Data Act, signed into law
in January 2019, directs Federal agencies such as Reclamation
to make datasets available in machine readable, interoperable
formats. Since 2015, Reclamation has been working towards
this goal, first with the launch of the Reclamation Water
Information System (RWIS) pilot website (water.usbr.gov) in
2017, which made available a selection of water-related time
series data for public consumption, and now with the launch
of the Reclamation Information Sharing Environment (RISE) in
2019, which absorbs RWIS and greatly expands Reclamation’s
data offerings. The initial version of RISE will include data
related to water, water quality, hydropower, and animal species
in time series, geospatial, and binary formats. Future releases
of RISE will continue to expand the data offerings to include
datasets from the breadth of Reclamation’s mission areas.
RISE will provide access to Reclamation’s mission-related data
in a single publicly-accessible portal, using common machinereadable formats, as well as providing basic visualizations. The
RISE user interface will include a data catalog, query interface,
map interface, web services, data downloads, and customized
alerts. This presentation will introduce the features of RISE
to attendees and provide an introduction to the use of the
system for accessing and using RISE data.
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WEDNESDAY NOVEMBER 6
10:30 am - 12:00 pm
Concurrent Sessions - 34, 35, 36, 37, 38
SESSION 34 | Deer Valley
Aquifers & Storage
Exploring the Reproducibility of Hydraulic Properties with
Time-varying Head Boundary by Hydraulic Tomography
- Jian-Dao Li, Graduate School of Safety Health and
Environmental Engineering, National Yunlin University of
Science and Technology, Douliou, Yunlin (co-authors - J.-L.
Chen, H.-R. Lin, S.-Y. Huang, T.-C. J. Yeh, J.-C. Wen)
In recent years, the hydraulic tomography (HT) is a popular
method for the delineation of the spatial distributions of
hydraulic properties in the groundwater aquifer. Previous
researches investigated the spatial distributions of hydraulic
properties by the HT survey using the constant head
boundary condition. However, the constant head is not
the real condition in the boundary condition at the field.
The study purpose is the case studies of two years at the
same site using the time-variable boundary conditions to
delineate the reproducibility of hydraulic properties. The
study area is located in National Yunlin University of Science
and Technology (NYSUT) campus in Taiwan. The sequential
pumping test is carried in 2010 and 2012 were used for the
inverse modeling effort to estimate the hydraulic properties.
The boundary condition is applied to the HT method using
the sensitivity equation method (SEM) to calibrate the timevariable heads. Then, the reproducibility of estimates and
prediction were analyzed in two different years. The results
show that the more heterogeneity of hydraulic properties.
The HT method can be improved using the time-variable
boundary conditions.
Sustainable Groundwater, A Key Part Of Albuquerque’S
100-Year Water Plan - Steve Shultz, Hazen and Sawyer
Albuquerque, NM (co-authors - J. Stomp, G. Gates)
Historically, Albuquerque relied entirely on groundwater,
which was believed to be so abundant that it was referred
to as an “underground Lake Superior.” In the early 1990’s,
Albuquerque’s research and monitoring program suggested
that groundwater was more limited than previously thought,
and that land subsidence could become a concern. In
response, the City implemented their first Water Resources
Management Strategy (WRMS) in 1997. The keystone of
the 1997 WRMS was recommendation of the “Drinking
Water Project,” which utilizes imported surface water, ASR,
reuse, water conservation and other measures to reduce
demand and diversify supply. As a result of the 1997 WRMS,
demand decreased by about 20 percent in just 10 years,
despite significant population increases. Since surface water
diversions came on-line in 2008, groundwater pumping
decreased to less than 40,000 af – a drastic reduction from
the maximum of about 125,000 afy in the 1990’s. Because
of Albuquerque’s ongoing investment in monitoring, the
response of the aquifer to reduced pumping could be
measured clearly: observed aquifer levels have risen across
the entire aquifer, by as much as 40 feet. Building on past
successes, Albuquerque updated the WRMS in 2017 with an
ambitious 100-year water plan called “Water 2120.” A key part
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of Water 2120 was the “Groundwater Reserve Management
Plan” (GRMP), a balanced approach to groundwater use that
utilizes the best available science and data on the aquifer.
The GRMP suggests that ABCWUA could sustainably pump
a long-term average of about 75,000 afy from the aquifer, in
addition to the nearly 100,000 afy of surface water available
from the Drinking Water Project. Combined with Water
2120’s prudent use of the right resources at the right time,
aquifer levels for the next 100 years are projected to remain
at or above the recent low levels, preserving this resource for
future generations.
Groundwater Quality Source Evaluation For The Rainbow
Springs Group, Marion County, Florida: A Pilot Program Michael Alfieri, Water Resource Associates, LLC, Tampa, FL
(co-author - S. B. Upchurch)
There are more than one hundred-fifty springs within the
Southwest Florida Water Management District (District).
All of which have become threatened in varying degrees by
anthropogenic activities and other factors. Traditional “catchall” approaches to springs protection and restoration have
focused on areas proximal to the spring or spring group.
The intent of this pilot program was to evaluate a “surgical”
approach linking aqueous geochemical statistics to potential
karst features and land uses over three, consecutive 10-year
time frames. Like any hydrogeological investigation, the
foundation of this pilot program was a sound conceptual site
model. This included a regional and site-specific review from
a stratigraphic, geomorphic, and karst-science perspective.
Once potentially relatable karst features were identified,
statistical analyses of District water-quality data were
completed to cluster the water-quality data into processrelated factors. Site-specific loadings of water-quality data to
process-related factors can be mapped to identify potential
sites of interest within a springshed. The statistical approach
included: geochemical fingerprinting by pattern recognition
and analysis; principal component analyses; and factor
analyses. These geostatistical/geochemical analyses along
with the karst hydrogeological evaluation allowed for the
identification of potential “hot spots”. Areas impacted by
direct, rapid recharge through drainage wells and sinkholes,
as well as by slow, natural recharge into the upper Floridan
aquifer. Three factors which represent different chemical
processes were identified and their relative aerial extent
determined. These processes were: (1) regional dissolution
of the aquifer limestone and/or dolostone matrices and
recharge of meteoric water; (2) recharge from local, urban,
and agricultural fertilizer runoff; and (3) recharge from local,
urban, and agricultural soil amendment runoff. The results of
this pilot program can be used develop strategies for costeffective improvement of the quantity and quality of District
spring systems.
Comparison of the Accuracy of Three Kriging Models for
Predicting Water Quality of Private Wells Impacted by
Hurricane Harvey - Achla O. Jha, Texas A&M University,
College Station, TX (co-authors - D. Boellstorff, D. Gholson, K.
Pieper, W. Rhoads, T. Gentry, P. Smith)
In 2017, Hurricane Harvey struck Texas, bringing an
unprecedented 102-155 cm of rain totalling 76 trillion litres of
water to the central and upper Gulf Coast areas and causing
widespread flooding. This study focused on comparing the
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accuracy of three interpolation techniques in geographic
information systems (GIS); ordinary, universal and empirical
Bayesian kriging. These methods were used to conduct
a human health risk assessment as a result of exposure
to drinking water impacted by Hurricane Harvey through
private drinking water wells by assessing the geographic risk
variation of several contaminants with the goal of learning
to better protect private water systems and aquifers from
contamination during future floods. Accuracy of these
methods was evaluated based on the method having the
greatest number of variables for which the root mean square
error was the lowest. Approximately 630 private water wells
were tested for fecal indicator bacteria and 435 of those were
analyzed with ICP for heavy metals in 15 hurricane-impacted
counties immediately after the storm, allowing for examination
of spatial effects on concentrations in relation to the
occurrence of flooding. Forty seven percent of the samples
tested positive for total coliform and 12 % of the samples
tested positive for E.Coli. Eighty-one percent of the samples
detected the presence of arsenic with 3.4% of them exceeding
the EPA Primary Maximum Contaminant Level (MCL). Lead
concentrations exceeded the MCL established for public water
systems for 3.4% of samples while lead was detected in about
25% of the samples. Iron exceeded the secondary drinking
water level (SMCL) by 23% and was detected in about 71%
of the samples affecting the taste of the water. Twenty-three
percent of the samples exceeded secondary standards for
manganese which was detected in almost 69% of the samples.
The Kriging models were used to interpolate the contaminant
concentration using principal component (PC) scores obtained
from principal component analysis. PC scores summarized
mixtures of correlated parameters identified as primary
standards and secondary standards by the EPA.

SESSION 35 | Brighton
Successes in Advancing Urban Water Conservation
(SL05)
How Water Conservation Became San Antonio’s Biggest
Water Supply Success Story - Karen Guz, San Antonio
Water System, San Antonio, TX (co-authors - C Baker,
B. Christiansen, J. Endter-Wada)
During the early 1990’s San Antonio grappled with drought
and looming federal oversight of the community’s sole source
of water. Decades of Texas water law and culture were in
conflict with the idea of regulations limiting the right of the
city to pump water from the Edwards Aquifer. Fortunately
forward-thinking leaders responded to the challenge with
planning that included the formation of San Antonio Water
System (SAWS), development of a Water Supply Plan and
viewing conservation as a supply source. Conservation was
the first strategy SAWS deployed to manage the challenges
of weather, growth and regulations. While it took decades
to settle the regulations surrounding the Edward Aquifer, it
did not take long for the benefits of water conservation to
become clear. The first rate structure of SAWS included a
conservation-oriented structure and setting aside revenue in
a restricted fund for conservation. Early SAWS conservation
efforts included community education efforts that influenced
the San Antonio water culture. Incentive programs accelerated
the change to water efficiency and reasonable regulations
were agreed upon with stakeholders. The Community
Conservation Committee (CCC) was formed to provide
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input on conservation efforts. Several members of the CCC
advocated for a new, small commercial water fee so that
funds for commercial water conservation could be collected.
This allowed the development of a robust commercial and
industrial conservation program. The three strategies of
education, incentives and reasonable regulation have been
effective over decades of application. In 2013 SAWS “declared
victory” over high flow fixtures in homes and businesses in
order to focus on new, innovative approaches. While 66%
of San Antonio citizens have used at least one conservation
program over the years, SAWS realizes it has more to
accomplish. New programs are designed to meet the needs of
segments of the customer base from households in poverty
to households with large irrigation usage. Conservation
investments over the last 26 years have secured more water
than any other SAWS water supply investment. While new
water supply projects continue to reduce reliance on the
Edwards Aquifer, water conservation remains a critical
component of long-term planning.
How to Pass Conservation Legislation in a Red State - Carole
Baker, Texas Water Foundation, Austin, TX (co-authors - K.
Guz, J. Endter-Wada, B .Christiansen)
“After decades effort Texas become a leader in the Rules
& Regulations arena addressing drought, flooding, and
regional planning efforts. How did this happen in a State
that has been red for a long time and does not like rules &
regulations? It has not been easy because the prevailing
attitude is not to regulate but instead to encourage people
“to do the right thing!” In the early 90’s a group from the
American Water Works Association began work on efficient
plumbing legislation across the country. The group aimed at
passing new efficiency standards for toilets, showerheads and
aerators. Texas and California took the lead. Texas adopted
high efficiency standards. Eventually those standards went
into the Energy Policy Act and became law across the country.
Texas has since adopted the WaterSense standards in a
bipartisan effort. For these efforts to succeed the proposal
must be cost effective and beneficial. If it is presented with
credible and trusted information, good things happen. Many
times it is baby steps on policy or regulations that in time can
turn into good policy. Some of the good things that have
happened include:
• Requirements for all water providers over 3,300
connections must turn in a water conservation plan to
the Texas Water Development Board every five years with
targets and goals and must send in an annual progress
report on those goals. They must have a water loss audit
submitted on an annual basis as well.
• Other regulations are tied to the requests for funding
from the State on their projects and one of the most
significant moves was a $2B fund established to start
projects in the State Water Plan. 20% of that is set aside
for Conservation and Reuse. This happened because of
relationships developed at the Legislature. The perseverance
and passion for the issues by party-neutral advocacy and
education experts was key. Certainly drought drives these
issues to the head of the line. When the flooding occurs,
then we need to drive home that water conservation is a
program of “permanent” measures, not to be confused with
“emergency” measures during flooding.”
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Water Conservation Laws in the United States: Leadership
from Texas - William Christiansen, Alliance for Water
Efficiency, Chicago, IL (co-authors - C. Baker, K. Guz)
The State of Texas has been a leader in passing and advancing
water efficiency and conservation laws for decades. This
is evident in the Alliance for Water Efficiency’s (AWE)
2017 report, The Water Efficiency and Conservation State
Scorecard: An Assessment of Laws. In addition to tying
for the highest score of the 50 states in the U.S., Texas was
highlighted in the report for its exemplary laws related
to drought planning and funding. The Alliance for Water
Efficiency’s Water Efficiency and Conservation State
Scorecard evaluated state-level laws related to eight primary
topic areas: 1. Plumbing Fixture and Appliance Standards
and Building Codes 2. Water Loss 3. Water Conservation
Connected to Water Supplier Permits 4. Water Supplier
Drought Plan Requirements 5. Water Conservation Plan
Requirements 6. Financial Assistance 7. Technical Assistance
8. Metering and Billing This presentation will briefly
summarize the findings of the report, The Water Efficiency
and Conservation State Scorecard: An Assessment of
Laws, and will spotlight the results of Texas for these eight
topic areas. The presentation will also describe additional
resources AWE has created associated with state-level water
efficiency and conservation laws. In 2019, AWE released two
supplemental reports to the full scorecard that allowed a
closer look at the results in the Colorado River Basin States,
and the topic of water loss. The presentation will also point
to AWE’s ongoing legislative tracking at the federal and state
level.

SESSION 36 | Sundance
Regional & International Management
Evaluating Water Policies in an Interconnected World:
Predicting Spatial Distribution of Scarcity and Pollution Iman Haqiqi, Purdue University, West Lafayette, IN (co-authors
- T. Hertel, L. Bowling, S. Jame, J. Liu, U. Baldos)
The incentive for farmers to produce more output has led
to unsustainable use of water resources in various locations
of the world. The continuing growth in global population
and incomes will add to this water stress in the future,
although these stresses may be somewhat mitigated through
improvements in technology. There are plenty of studies trying
to quantify the impacts of climate and population changes
on global water resources in terms of pollution, supply,
and withdrawals. While we have sufficient knowledge and
technology to manage our water resources more efficiently at
the local level, the search continues for globally practical and
effective solutions. Here we show why some of the suggested
local solutions may fail in a broader context. We propose a
global approach for evaluating water policies to consider
significant feedbacks from the human system. --Methods:
The goal of this study is to investigate the role of these global
drivers in stressing local water resources. We have extended
SIMPLE-G (a Simplified International Model of agricultural
Prices, Land use, and the Environment – Gridded version) to
include global water resources. Within this framework, global
food and agricultural markets tie together developments
around the world. For this study, we considered the changes
in population which affect the regional demand for food
and water; the dietary changes due to income growth which
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affects the food basket; the technological changes leading
to higher productivity and lower water use per unit of
output; as well as sustainability scenarios restricting in water
use. --Findings: Our findings suggest that water withdrawal
growth in each region is influenced first and foremost by the
interplay between domestic supply and demand. However,
developments in international markets also play an important
role – particularly in those regions that are heavily reliant on
crop exports or imports. In the US, production is expected
to rise by nearly sixty percent or roughly one billion metric
tons over this four-decade period. The drivers of US crop
output growth are fairly evenly divided between increases
in population – both domestic and foreign, rising per capita
incomes around the world, and improved productivity in
global crop production. Primary projections indicate that half
of US sustainability stresses by 2050 is caused by increased
demand from other countries. In addition, a comprehensive
analysis suggests that restriction on water resources can
move production to other parts of the world and may
create new environmental issues. Any restriction on water
resources in 2050 will necessarily result in a reallocation of
the pattern of crop production and water use worldwide.
In a counterfactual experiment, we quantify the impacts of
restricting groundwater withdrawals in each US grid cell
to a sustainable level. Not only does crop production shift
eastward in the US causing even more water pollution, much
of the displace production shifts overseas. We conclude by
suggesting a global approach to design more effective and
efficient sustainability policies.
Estimating Components Of Stream Metabolism by the FreeWater Dissolved-Oxygen Method: Where did the Oxygen
come from? - James McNair, Annis Water Resources Institute,
Fruitport, MI
Stream metabolism is a sensitive and integrative measure of
ecosystem function that is commonly used to assess potential
impacts of anthropogenic stressors on streams. The free-water
dissolved-oxygen method is the most widely used method
of estimating components of stream metabolism (gross
primary production, community respiration, net production)
for this purpose. It employs time-series measurements of
dissolved oxygen (DO), temperature, and light acquired by
sondes at one or more monitoring stations in the stream,
together with a model of DO dynamics and photosynthetic
and respiratory quotients, to estimate rates of carbon fixation
and mineralization by stream communities. Especially when
only one monitoring station is employed, the question arises
as to which reach’s metabolism is mainly reflected in the time
series acquired by the sonde. Several authors have drawn
attention to this question and have suggested that 95% of
the dissolved oxygen concentration measured by a given
sonde is contributed by stream processes occurring within
a stream reach extending a distance of approximately 3u/K
upstream of the sonde, where u [Length/Time] is the mean
current velocity and K [1/Time] is the atmospheric exchange
coefficient. I argue that this common characterization of
the stream reach whose metabolism is being monitored by
the sonde is not defensible and that two different distance
measures are required. Numerical results are presented, and
implications regarding the use of stream metabolism studies
to assess potential impacts of anthropogenic stressors on
steam function are discussed.
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Chlorine and Peracetic Acid Disinfection of Antibiotic
Resistant Waterborne Pathogens - Sierra Sahulka, University
of Utah, Salt Lake City, UT (co-author - R. Goel)
Antibiotic resistance (AR) poses a serious threat to global
human health. Research has shown that wastewater and
drinking water treatment facilities are point sources of
antibiotic resistance genes (ARGs), which are contaminants
of emerging concern (CECs). Recent studies suggest
that chlorination and peracetic acid disinfection selects
for antibiotic resistant bacteria (ARBs), which increases
intracellular and extracellular ARGs in final effluent. Other
studies have shown that disinfection reduces most ARGs
in effluent, but genes encoding for erythromycin and
broad-spectrum beta-lactam resistance increase in relative
abundance. It is suggested that disinfection could co-select
for bacteria showing antibiotic resistance, although the
exact mechanism of cross-resistance to disinfection is still
unknown. In order to further investigate this phenomenon,
the disinfection kinetics and gene expression of two antibiotic
resistant pathogens, Enterococcus faecalis and Escherichia
coli, was examined in response to chlorine and peracetic acid.
Resistance genes ermB and NDM-1 were confirmed using
PCR for E. faecalis and E. coli, respectively. For disinfection
kinetics, each strain and their nonresistant counterparts was
subjected to a disinfectant over time, serially diluted, filtered,
and cultured to enumerate log removal according to the
Chick-Watson model. For gene expression, each resistant
strain RNA was extracted, converted to cDNA, and analyzed
for their respective ARGs with a Real-Time PCR system using
the ∆∆CT method. It was found that chlorine and peracetic
acid disinfection reduced resistant and non-resistant E. faecalis
to the same degree, while resistant E. coli showed less log
removal than non-resistant E. coli. It was also found that
chlorine disinfection significantly increased gene expression
of NDM-1 after 35 minutes, but not for peracetic acid. ermB
did not significantly increase in gene expression in response
to either treatment. This research suggests that the antibiotic
resistance mechanism of NDM-1 may confer resistance
to chlorine disinfection, but not peracetic acid. Chlorine
disinfection typically occurs by oxidation of the cell wall, while
meropenem works by inhibiting cell wall synthesis. Resistance
to meropenem works through extracellular digestion by
metallo-beta-lactamase, which hydrolyzes beta-lactams via
a zinc ion enzyme complex. This mechanism may reduce the
effect of chlorine through zinc complexation with hypochlorite
or increased cellular demand.
Evaluate the Effect of Agricultural Best Management
Practices on Reduction of Fecal Indicator Bacteria in Skunk
Creek, Big Sioux River, SD - Sadia Salam, South Dakota
State University, Brookings, SD (co-authors - R. McDaniel, B.
Bleakley)
At present, microbiological water quality of surface water
is becoming a major concern in United States. According to
United States Environmental Protection Agency (USEPA),
fecal indicator bacteria (FIB) such as E. coli is the prime
responsible for water quality impairment in South Dakota’s
stream. The sources of FIB can be two types stream sources
and stream reservoir. The first one is the pollutants or loads
coming from tributaries to receiving waterbody which
increase the concern for non-point source pollution. Where
the stream storage is resuspension of bacteria associated
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with sediment particles. This resuspension from sedimentbed may appear as a recent fecal input rather as coming
from stream-bed sediment. To improve reduce the FIB to
waterbodies there are several management practices like
vegetative cover, riparian area management (RAM), fencing
livestock, alternative water source etc. This current study
focusses on assessing the effect of two best management
practice named RAM and seasonal area riparian area
management (SRAM0 at Skunk Creek, a tributary to Big
Sioux River in the eastern part of South Dakota. There are
four monitoring sites abbreviated as Sk1, Sk2, sk3 and Sk4.
The Sk1 is top most upstream site and cattle has direct
access to this site where Sk4 is the most downstream site.
Each site is one mile apart from one another. Except site Sk1,
other three sites are under both RAM and SRAmM. Highest
and lowest E. coli level and load observed at Sk1 and Sk4,
respectively. The E. coli level range was observed from 20
CFU/ g to 1000 CFU/ g and the E. coli loads range was
from 17.8×106 CFU m-2 to 2.7×106 CFU m-2. Also, samples
were analyzed for particle size analysis, organic matter as
literatures found a direct relationship with this factor and E.
coli concentration. The particle size analysis showed all four
monitoring sites are dominated by sand particles. Organic
matter analysis results showed a range from 0.4% to 21%. In
addition, antibiotic resistance (ABR) test has performed by
following Kirby Bauer method. Total five antibiotics penicillin
(10 IU), ampicillin (10 µg), erythromycin (2 µg), tetracycline
(30 µg) and sulfisoxazole (0.25 mg) were used to assess
ABR of selected E. coli isolates from site Sk1 and Sk2.
Results from this work are currently being analyzed.

SESSION 37 | Alta
Global Partnerships (SL11)
Collaborative Water Management in Philippine Municipalities
- Theresa Marie Lorenzo, Arizona State University, Tempe, AZ
(co-authors - A. Kinzig, C. David)
The Philippines is a developing country in Southeast Asia
facing multiple future water security challenges. In addition
to being one of the countries in the world that is most
vulnerable to climate change, a high population growth
rate and urbanization contribute to increases in water
demand. Additionally, the country is currently undergoing
transition from an agricultural economy to one where
services and industry play a larger role. Previous research has
described water provision and regulation in the Philippines
as fragmented across different sectors and levels of
government, resulting in the reduced capacity of the whole
system. However, water management collaborations at the
municipal level, the primary level of water provision, have not
been analyzed. This research aims to first characterize the
extent of present collaborative water management efforts in
Philippine municipalities with different economic trajectories
and future climate change challenges and then determine how
these present efforts can be strengthened and how future
water management collaborations can be encouraged. Five
case study municipalities with were selected for this study.
In each municipality, a focus group discussion was organized
with different stakeholders, such as municipal government
officials, water providers, and farmers groups. Each focus
group discussed drivers of different aspects of water security,
coupled with the future of their municipality. Interviews were
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then held with each focus group discussion participant and
other key informants to further focus on existing programs,
present and future desired collaborations, and resources
needed to address water security challenges. Interviews were
also held with officials from both the provincial and national
levels of government to provide context. The outputs of both
the focus group discussion and interviews were analyzed and
compared using theme analysis. In discussing the results of
this analysis, I will focus on the comparison of collaborations
present in municipalities with varying economic trajectories
and future climate change challenges related to water
quantity. I will also determine common types of collaborations
between different sectors, such as industry, municipal
government, and water service providers. The desired future
collaborations of different water stakeholders according to
their experiences will also be discussed.
Wicked Water in the West: How State Water Planning
is Helping to Solve one of the West’s Most Challenging
Problems - Brendan Hedel, Jacobs Engineering, Englewood,
CO (co-author - C. Kurtz)
Water in the American West is “wicked”, a problem defined
as one that is extremely challenging to solve because of
contradictory goals, incomplete information, and changing
requirements. Significant increases in population and
projected reductions in future water availability due to
climate change will contribute to a wider supply and demand
imbalance throughout the West. This is all but certain.
Concurrently, societal norms are increasing the value placed
on the environment, recreational opportunities, and locally
sourced food while parallel emerging political movements
threaten to undo, or overdue, regulations that guide the
sensible use of the region’s water resources. Engineers,
scientists, policy makers, and resource advocates on the
ground act in good faith to preserve the water resources
that have come to be cherished by the American West’s
inhabitants, both native and transplanted. This presentation
will take a critical look at the different approaches
being undertaken by various Western state and regional
governments to solve this “wicked” problem. A comparison
of current state water planning efforts, including the planning
approaches, legislative influence, funding mechanisms, and
technical tools utilized will be discussed. Case studies detailing
current successes and past failures will be examined along
with the most recent implementation challenges, with a focus
on the following current state programs:
• Texas: State planning efforts in Texas began in earnest in
the late 1990s and have evolved into a structured planning
program with regular technical updates.
• Colorado: Following the 2002 drought that significantly
impacted Rocky Mountain region water supplies, Colorado
rapidly implemented statewide water resources planning
that today uses robust state-developed technical modeling
tools to inform both river basin and state-level future
planning decisions. Additionally, a brief overview of other
key Western state water planning programs will be described
to provide comparisons and context around the differences
and similarities from the Texas and Colorado programs, and
to identify key structural and technical takeaways as states
continue to move forward with integrated, holistic, and
technically advanced planning efforts to solve the “wicked”
problem of water in the American West.
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Water Resource Management in East Africa: Problems
and Challenges Improved Water - John Bosco, Southern
University and A&M College (SUBR), Baton Rouge, LA
(co-authors - Y. Twumasi; B. Osimbo; K. Abdollahi; F.
Namwamba; R. Okwemba and T. Legiandenyi)
East Africa’s population is growing, while the available water
per person is decreasing, leading to rise in unit prices of
water. Eventually many people may not afford to buy clean
water while those that could afford it could fail to acquire
it because of its scarcity. Pollution by industrialization and
other anthropogenic activities reduce available clean water.
Available clean water per person is decreased through
leaking water supply systems and wastage by consumers,
respectively. Recycled water could be used to alleviate
issues of scarcity of water. Using recycled water for irrigation
and some domestic uses has the following advantages. It
is a constant, reliable source of water which can reduce the
quantity of water extracted from the environment. Also, in
case the recycled water is not meant to come in contact
with human, treatment requirements may have to be lower
than for water meant to come into contact with humans.
Possible disadvantages of using recycled water for irrigation
are as follows. It could raise concerns such as, the presence
of human/animal pathogens, endocrine disruptors and
pharmaceuticals, etc. Others are, concentrations of sodium
and nutrients. Social attitudes to embracing of products
of irrigation by recycled water is important. Some cultures
perceive consumption of use of such crops as degrading.
Stake holders can learn criteria developed by countries
reusing effluents for irrigation. Recycled water can be safe
for human consumption if given sufficient and thorough
treatment. Water resources are expected to experience
further stress because of climate impacts from global
warming. This study will analyze water use in East Africa,
based on average family structure and size. It will also
analyze industrial use of water, including agriculture and
recreation. Sources of water wastage and corresponding
mitigations, including recycling will be proposed, analyzed
and discussed. The information and data for the study will
be acquired from dependable internet data sources such
as, United States Environmental Protective Agency and
geographic information systems.

SESSION 38 | Snowbird
Chemical Processes
Building Water Research Capacity In Pakistan Through
Collaborative Parallel Investigations - Timothy Gates,
Colorado State University, Fort Collins, CO (co-authorsJ. Chavez, A. Andales, J. Scalia)
A central aim of the US Pakistan Centers for Advanced
Studies in Water (USPCASW), funded by the US Agency
for International Development, is to build the capacity of
higher education in Pakistan to address the country’s water
problems in alignment with the United Nations’ sustainable
development goals. Toward this aim Colorado State
University (CSU), a cooperating institution of the USPCASW,
conducted collaborative research with the Mehran University
of Engineering and Technology (MUET) in Sindh, Pakistan.
Faculty and students at CSU and MUET worked together on
problems related to irrigation return flows and water quality
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via jointly-designed field and laboratory efforts executed in
both Colorado and Sindh. This talk reflects on the successes
and drawbacks of this approach to build institutional capacity
by engaging faculty and students on both sides of the
development process to address problems of mutual concern.
Lessons Learned from Five Years of Research Capacity
Building in Pakistan to Help Develop Local Capacity for
Water Security - Steven Burian, University of Utah
Salt
Lake City, UT (co-authors - S. Ahmad, M. Barber, A. Chaudhry,
C. Daily, T. Gates, P. Shea, J. Ullman, J. VanDerslice, M. Ward, J.
Weidhaas)
Achieving the United Nations Sustainable Development
Goals requires a multi-pronged, convergent approach, with
a key element being the training of a workforce to sustain
the advances in the relevant sectors. The engagement of
higher education in the training of the next generation of
professionals and citizens is essential to meet the challenges
of poverty and climate change and to sustain those advances
past 2030. This presentation describes a capacity building
program funded by the United States Agency for International
Development to partner the University of Utah with Mehran
University of Engineering and Technology, in Pakistan, to
create the U.S.-Pakistan Center for Advanced Studies in
Water (USPCAS-W). The USPCAS-W program includes six
core components of Curriculum Reform, Applied Research,
Exchanges and Training, Governance, Gender Equity, and
Sustainability. The presentation will highlight the challenges
facing sustainable water development, insight gained from
five years of developing collaborative training approaches,
and how building research capacity in Pakistan has delivered
impacts in Utah and Colorado.
Using GRACE to Evaluate Groundwater Storage Variations in
Punjab, Pakistan - Sajjad Ahmad, University of Nevada - Las
Vegas, Las Vegas, NV (co-authors - S. Ahmad, G. Mistry, H.
Stephen, A. Masood, M.Z. Hashmi)
With growing population, climate change and agriculture
dependent economy, Pakistan is facing serious water
management challenges. Integrated management of
surface and groundwater requires good understanding
and accounting of resource availability and use. Without a
well-designed and distributed observation network, which
Pakistan lacks, the changes in the groundwater storage are
very difficult to track. The Gravity Recovery and Climate
Experiment (GRACE) satellite data offer an opportunity to
estimate groundwater anomalies in the absence of observed
data. This study presents an analysis of rate of change and
trends in groundwater storage in Pakistan, with special
focus on Punjab province. It also correlates fluctuations
in groundwater storage with variations in precipitation.
The GRACE satellite data are used to estimate changes in
groundwater storage for the study period of April 2002 – June
2017. Precipitation data from the Precipitation Estimation
from Remotely Sensed Information using Artificial Neural
Networks (PERSIANN) CDR system is used. Soil moisture
and snow water equivalent is derived from the Global Land
Data Assimilation System (GLDAS) Noah. By subtracting
these different water subcomponents from the GRACE data
products, variations in groundwater storage are estimated.
Model is validate by using groundwater observations in
selected areas in Punjab province. The results reveal that
groundwater storage in Pakistan is declining at a high rate.
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Over a period of 183 months, Punjab province has observed
the highest loss in total volume of groundwater storage
(28.2 km3 ), followed by Balochistan (19.57 km3 ), Khyber
Pakhtunkhwa (9.84 km3 ), and lastly, Sindh (5.46 km3 ). The
results also show the impact of precipitation on groundwater
storage and soil moisture. Results indicate that GRACE data
can be used to assess groundwater depletion in areas where
sufficient groundwater monitoring network is not available.
Results also potentially provide policy makers information
needed to better manage groundwater resources.

WEDNESDAY NOVEMBER 6
1:30 pm - 3:00 pm
Concurrent Sessions - 39, 40, 41, 42, 43
SESSION 39 | Deer Valley
SPECIAL SESSION: Snow Water Mapping
Presenters: Paul Miller, Colorado Basin River Forecast Center,
National Oceanic and Atmospheric Administration, Salt Lake
City, UT
Rebecca Smith - Bureau of Reclamation, U.S. Department of
the Interior, Boulder, CO
Seth Shanahan - Southern Nevada Water Authority, Las
Vegas, NV
The primary water supply for the Western U.S. originates
as cool season precipitation falling as snow. Although
snow cover is well observed across these landscapes,
this information is generally less useful for streamflow
forecasting than observations of snow water equivalents
(SWE). Several SWE mapping methods have emerged
over the past decade that may help improve the skill of
streamflow forecasts but a broader understanding of these
methods and how they differ is needed. The purpose of this
Special Session is to bring together streamflow forecasters,
providers of SWE information, and forecast users to
compare and contrast various SWE mapping methods
and their utility for improving streamflow forecasts in the
Colorado River Basin.
Presentation 1 - The National Snow Analysis: Past, Present,
and Future
Presenter: Gregory Fall, Office of Water Prediction, National
Oceanic and Atmospheric Administration, Chanhassen, MN
The National Weather Service (NWS) Office of Water
Prediction (OWP)—Chanhassen, MN (formerly the National
Operational Hydrologic Remote Sensing Center, or NOHRSC)
operates the National Snow Analysis (NSA), which, via the
Snow Data Assimilation System (SNODAS) system, combines
a snowpack mass and energy balance model with routine
assimilation of surface and airborne observations of snow
depth and snow water equivalent over the Coterminous
United States and southern Canada. The NSA has produced
operational snow analysis at 1 km spatial resolution and 1-hour
temporal resolution for 15 seasons since operations began
in October 2004. Data from SNODAS and the NSA is used
by a wide variety of clients and stakeholders for situational
awareness, resource management, and disaster prediction
and preparation.
Since 2016, OWP has operated the National Water Model
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(NWM), which includes a land surface snowpack model not
unlike that used by the SNODAS system. Development of
an operational snow assimilation capability for the NWM
has begun, and in time the capabilities of SNODAS and the
NWM will become merged, providing a continually improving
resource for snow information and water prediction.
Our presentation for this session will summarize 15 years
of SNODAS operations and will describe the ways in which
operational snow analysis and prediction in the NWS will
improve in the near future via the incorporation of new
information sources and the implementation of more
advanced assimilation techniques.
Presentation 2 - Integrating Satellite Data, Distributed
Models, and SNOTEL Observations to Improve Real-time
SWE Estimation in the Colorado River Basin
Presenter: Noah Molotch, Center for Water Earth Science &
Technology (CWEST), Institute of Arctic and Alpine Research,
University of Colorado at Boulder, Boulder, CO
(co-authors – L. Lestak, K. Yang, K. Musselman)
Changes in climate necessitate improved snowpack
information to better represent anomalous distributions of
snow water equivalent (SWE) and improve water resource
management. We estimate the spatial distribution of SWE
for the Upper Colorado River basin in quasi-real-time using
a regression techniques whereby in-situ operationally
measured point SNOTEL SWE (dependent variable) are
interpolated in space using physiographic information and
historical SWE patterns from a remote sensing-based SWE
reconstruction model (independent variables). We compare
the baseline regression approach to our new regression
in the context of spatial snow surveys and operational
snow measuring stations. When compared to independent
distributed snow surveys, snow course measurements,
airborne snow measurements, and when evaluated against
full natural flow, the approach shows considerable promise
and often has lower errors and higher correlations with
streamflow than other real-time SWE products that do not
rely on expensive airborne measurements. Spatial differences
with other operational SWE products indicate that the
historical SWE patterns from the SWE reconstruction adds
information to the interpolation beyond the physiographic
conditions represented by the SNOTEL network. Given that
previous works using SWE reconstructions were limited to
retrospective analyses by necessity, the work presented
here represents an important contribution in that it extends
SWE reconstructions to real-time applications and illustrates
that doing so significantly improves the accuracy of SWE
estimates.
Presentation 3 - The Airborne Snow Observatory: Current
State-of-the-Art for Instantaneous SWE Mapping in the
Mountains
Presenters: K.J. Bormann - Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, CA
J.S. Deems - National Snow and Ice Data Center, Boulder, CO
E.M. Carey - Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, CA
T.H. Painter - Joint Institute for Regional Earth System Science
and Engineering, University of California, Los Angeles, Los
Angeles, CA
Despite their importance in controlling volume and timing of
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runoff in mountain terrain, SWE and snowpack albedo have
been largely unquantified in the US and not at all in most
of the globe. However, across the last decade, the Airborne
Snow Observatory program has begun to fill these voids in
the Sierra Nevada, Rocky Mountains, and Swiss Alps. ASO
uses a scanning lidar and an imaging spectrometer for
aerial surveys over snow covered mountains which, when
combined with baseline snow-free surveys, provide accurate
high-resolution snow depth retrievals and information on
snowpack reflectivity. As the spatial variability of snow water
equivalent (SWE) is dominated by the snow depth variation,
we combine these basin-scale snow depth measurements
with snow densities guided by models and in-situ data to
generate distributed SWE data products.
The resulting SWE maps (at 50 m resolution) provide the
spatial distribution of water resources in the mountain
snowpack at spatial scales relevant to physically-driven
processes. The basin-integrated SWE volumes have been
shown to correlate exceptionally well with AMJJ runoff
volumes in snow-dominated watersheds in California,
to provide forecasts of expected minimum seasonal
runoff volumes with lead times of up to 4 months. The
spatially-distributed SWE maps are being assimilated into
spatially distributed or lumped snow models for accurate
instantaneous SWE representation, provide excellent
evaluation data for alternative SWE estimation techniques
including satellite-based and statistical products, and
continue to provide SWE information late into the snowmelt
season when automatic sensor locations have melted out.
The ASO SWE products can also provide estimates of
snowfall when flights bracket snow storm activity.
Currently, the ASO products are being used actively by
the California Department of Water Resources, California
Cooperative Snow Surveys participants, Colorado Water
Conservation Board, and Denver Water in an operational
setting, are being used to evaluate the National Water Model
and are being examined by the Colorado Basin River Forecast
Center for constraint of the Snow-17 model.
Presentation 4 - SnowView: A Satellite Data and Model
Driven Decision Support Tool for Monitoring Snowpack,
Precipitation, and Streamflow
Patrick Broxton - School of Natural Resources and the
Environment, University of Arizona, Tucson, AZ
Willem van Leeuwen - School of Natural Resources and the
Environment, University of Arizona, Tucson, AZ
Joel Biederman - Agricultural Research Service, U.S.
Department of Agriculture, Tucson, AZ
Snowmelt from mountain forests is critically important for
water resources and hydropower generation because most
surface water resources in semiarid regions such as the
western US come from streams and rivers that originate from
such environments. Therefore, water managers require high
quality real-time spatially distributed estimates of snow in
these areas to support their operations. Here, we present a
novel web-enabled snow modeling and visualization system
called SnowView. SnowView combines a robust, nearreal time snow analysis system and a web based decision
support tool to contextualize this data with other snowpack,
precipitation, and streamflow data, as well to provide easy
comparison between data for different years. The snow
analysis, which includes daily estimates of Snow Water
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Equivalent (SWE) and snow depth since 1982, is based on a
robust method of interpolation of SWE and snow depth data
from NRCS SNOTEL and NWS COOP stations along with
machine learning of snowpack response to physiographic
attributes that is trained with snow-lidar datasets from across
the western US. The system provides snow monitoring data
for the Salt River Project (SRP), a provider of water and
hydropower to millions of people in central Arizona, and
also includes data for other watersheds across the US. We
are currently working to refine and improve snow data in
SnowView by incorporating satellite-based data into the snow
analysis and to use these data to generate rapidly updating
seasonal streamflow forecasts for SRP.

SESSION 40 | Brighton
Water Reuse & Benefits
Detection and Analysis of Pharmaceuticals and Personal
Care Products in Reclaimed Water Used for Urban Irrigation
in Northern Utah - Kwame Duodu, Utah Water Research Lab,
Logan, UT (co-author - L. Ahmadi)
Reuse of treated wastewater for urban and agricultural
irrigation is practiced in many parts of the world, especially in
arid and semi-arid regions. Use of reclaimed water comes with
benefits and also some challenges that needs to be addressed
and investigated. Previous researchers have reported the
observation of some pharmaceuticals and personal care
products (PPCP) in wastewater effluent. The effects of these
PPCPs in the environment and the risks associated with them
for humans exposed to them are not fully investigated. In
this USDA-NIFA funded study, 12 pharmaceutical compounds
in wastewater influent and effluent; reclaimed water used
for irrigation; plants and fruits and vegetables grown with
reclaimed water; and soil samples from the application areas
were investigated. This research was conducted in Northern
Utah, where reclaimed water is used for urban irrigation of
people’s lawns. This study investigates and evaluates three
wastewater treatment plants with significantly different
treatment technologies. Also, during various irrigation events
in two consecutive years, irrigation water, plant and vegetables
(cucumber, beet, potato, squash, and onion) grown with
reclaimed water and their soils were analyzed. Twelve PPCP
compounds quantified in this study included Acetaminophen,
Caffeine, DEET, Sulfamethoxazole, B-Estradiol, Estrone,
Progesterone, Gemfibrozil, Carbamazepine, Triclosan,
Fluoxetine and Tris-(2-chloroethyl) Phosphate. Water samples
collected were analyzed using a Triple Quad LC/MS System,
after a solid phase extraction process. A similar approach was
chosen for plant, fruit and soil samples after using the ASE
(Accelerated Solvent Extraction) method. The results of this
study including the removal efficiencies of PPCPs by various
treatment methods; as well as PPCP levels in irrigation water,
soil and vegetables grown with this water; are presented. Also,
potential risks associated with reuse practices is discussed.
Evolution of Reclaimed Water in Tucson, Arizona and the
New Santa Cruz Heritage Project - John Kmiec, Tucson
Water, Tucson, AZ
Conservation agriculture systems (CAS) provide ecosystem
services that mitigate critical environmental concerns
including global climate change, eutrophication, and aquifer
depletion. Effective CAS enhance ecosystem services by
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strategically combining multiple best management practices.
While the NRCS provides cost-share assistance, other types of
supportive government funding are limited. Alternative CAS
funding solutions are being developed and implemented as
environmental markets. Water quality trading programs
typically provide a single marketplace for total maximum daily
load overages to be remedied. Other developing
environmental markets provide benefits for water
conservation, carbon sequestration, and biodiversity. There is
potential for new and emerging environmental markets to
enhance CAS use through initial, continued, and additional
implementation by both experienced CAS producers and
other agriculture producers. Current barriers to environmental
market programs providing CAS producers with additional
economic incentives include expenses incurred through
verification methods, low value payments, and limited
environmental market availability in many areas of the country,
including Texas. We will use conversational surveys,
collaboration with other researchers on similar subjects, and
participatory model building workshops to gather
perspectives of agricultural producers and technical support
personnel regarding CAS adoption and the potential for
environmental markets to encourage further adoption.
Collected responses will be examined through economic
analyses and an inductive system dynamic model. Initial
producer surveys reveal several topics of psychological
importance, which have not been previously reported.
Important topics include producer willingness to go against
the norm, advantages to having absentee vs. present
landowners, and cut-throat competitors who attempt to take
advantage CAS improvements on rented land. This research
will help bridge price, targeting, preparation, and expectation
gaps between society that depends on ecosystem services
and conservation agriculture producers. Bridging these gaps
will enhance the ability of agriculture support personnel to
further CAS and environmental market implementation.
Expected impacts include environmental stewardship and
transferability.
Implementing Groundwater Replenishment in LA - Madeline
Kelsch, Wastewater Management, City of Los Angeles, Van
Nuys, CA (co-authors - Y. Tsunehara, P.E., M. Kelsch)
The City of Los Angeles (LA) has launched its Groundwater
Replenishment (GWR) Project to spread recycled water in the
San Fernando Valley (Valley). Up to 30,000 acre-feet per year
(AFY) will become part of LA’s groundwater supply through
this indirect potable reuse project. The project is being
implemented in phases, and the Initial Phase will come online
in 2019. Groundwater replenishment in the Valley has a long
history, with recycled water infrastructure for spreading
constructed in the 90s. Public opposition against indirect
potable reuse kept the project from going into operation.
Today, drought and changing public opinion has moved LA
back in position to move forward with GWR. Existing Valley
infrastructure includes the Donald C. Water Reclamation Plant
(DCTWRP), the recycled water pipeline built in the 90s, and
multiple spreading grounds. DCTWRP can produce up to 80
million gallons per day (mgd); it currently produces around 32
mgd, which is used for irrigation, industrial cooling, plant
service water, and nearby recreational lakes. The distribution
system is sized to convey far more than 30,000 AFY, and the
existing spreading grounds have abundant capacity outside of
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major storm events. While prolonged drought has encouraged
implementing GWR, increased conservation has led to
decreased wastewater. For future phases, LA is exploring
options to increase supply by constructing an equalization
tank to capture diurnal flows; an East-West Valley Interceptor
Sewer to tap wastewater flows from the Valley’s east side to
DCTWRP in the west; and recirculating the lakes’ water.
Advanced treatment is necessary to spread larger volumes of
recycled water under California regulations. LA is evaluating
multiple treatment options to increase water recovery, and
minimize cost and carbon footprint. Reverse osmosis rejects
15-20% of influent as brine; an alternative process with ozone
and biofiltration would eliminate this waste. As part of the
Initial Phase, ozone treatment is being demonstrated in
preparation for this alternative proposal. As the future phases
are developed, the Initial Phase will come online, increasing
water supply and demonstrating ozone. GWR will help LA
meet the goal of its New Green Deal to source 70% of water
locally by 2035.
Regional Hydrological Methods for Estimation of Maximum
Flood Discharges in Ungauged Dry Streambeds, Gobi Region,
Mongolia - Myagmarsuren Bat-Erdene, Department of
Geography, School of Arts and Science, National University of
Mongolia, Ulaanbaatar, Mongolia (co-authors - D. Oyunbaatar,
S. Erdenesukh)
Estimating maximum flood discharges with high precision is
one of the most sophisticated problems in hydrological
engineering. Flood flow conditions continuously change as
weather conditions, ground surface, space, and time change.
Study on the possibility of estimating the maximum flow of
rainfalls in less than 200 km2 in the Gobi region with a
simplification of river basin implications, as well as the
possibility of estimating the magnitude of rain floods in the
watershed of the Gobi region, as well as the “Shiz-Manning”,
“Fertility Rainfall” method, VVGolubetsov’s (V=1.14*h 0.67*J 0.17)
methods were used.
The V.V.Golubtsov formula to calculate flow velocity is
modified for the Gobi region as V=1.14*h 0.67*J 0.17 and flow
velocity over pebbles is calculated with this empirical formula
to compare flow velocity calculated by horizontal cross
section. The correlation coefficient R between these velocities
is R=0.90, and standard error= 0.06 m/s, showing that is
possible to calculate flow velocity over pebbles.
Correlation between maximum flood discharge and actual
results were very high (0.98), showing that it is practical to use
V.V.Golubtsov formula in the calculation of flood velocities over
dry streambeds in Gobi region.

SESSION 41 | Sundance
Low Impact Development for Water Quality
Designing Low Impact Development Treatment Systems
for Agricultural Environments - Steven Trinkaus, Trinkaus
Engineering, LLC Southbury, CT
Low Impact Development (LID) strategies are commonly used
for residential, commercial and industrial land to address water
quality and runoff volume issues. It is widely acknowledged
that these types of land use with high impervious areas
contribute to water quality degradation in our streams and
rivers. However, one type of land use which also contributes
to water quality degradation is exempt of federal stormwater
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management requirements under the NPDES. This type of
land use is agricultural. Many farms in the United States and
in other countries are located where stream and wetland
corridors are found within the agricultural fields or adjacent to
them. Many of these stream corridors have a wooded buffer
along both sides of them, but the wooded buffer is devoid
of a vegetative ground cover, so it provides no filtering of
runoff. It is well documented that runoff from agricultural
fields are substantial contributors of nutrients loads, primarily
phosphorous to the aquatic systems. This presentation will
discuss the how agricultural land use practices contribute
to water quality degradation in the receiving waters. It will
also be shown how LID treatment systems such as wet/
dry swales as well as enhanced vegetated filter strips can
be implemented in an agricultural environment to more
effectively address runoff from fields and improve the water
quality in the receiving aquatic resources. The most effective
LID system is the use of enhanced filter strips, located along
the downhill side of planted fields. These filter strips are
densely planted area located outside the natural wooded
buffer commonly found along riparian corridors. At the
current time, agricultural land use, whether it is the growing
of crops or the keeping of livestock are exempt from federal
stormwater requirements under the NPDES requirements
promulgated by the Environmental Protection Agency (EPA),
except for the storage of manure which is regulated by
federal laws. It is obvious that non-point source runoff from
agricultural fields are having significant adverse water quality
impacts on the major river systems in the central part of the
United States as well as being the primary cause of the dead
zone located in the Gulf of Mexico.
The Korean GI/LID Research Center – Pusan National
University - Steven Trinkaus, Trinkaus Engineering, LLC,
Southbury, CT
The concept of Low Impact Development (LID) was pioneered
in United States in the mid-1990s. In 2016, the world’s first
research facility dedicated to Green Infrastructure (GI) and
Low Impact Development (LID) opened on the Yangsan
Campus of Pusan National University. The purpose of the
facility is to evaluate GI/LID concepts developed in the
United States and other places to see how well the systems
function in the South Korean Climate. The short and longterm functionality of LID systems are dependent upon several
environmental conditions which vary across the world. These
conditions include the type of soil (sand, silt or clay), and
depths to groundwater and bedrock. Rainfall patterns also
affect the functionality of these systems. The GI/LID center
has been designed to address these transitional issues by
testing US LID concepts under controlled and un-controlled
rainfall events. The GI/LID center is a complete hydrologic and
hydraulic lab, designed and constructed to investigate LID
systems ability to function in the South Korean environment.
In the interior of the facility is a full hydraulics lab, where swale
designs can be evaluated under controlled conditions. There
are also facilities to perform column studies of soil media,
permeable pavement sections using a rainfall simulator. The
water used in the rainfall simulator consists of stormwater
collected from nearby impervious areas, so that pollutant
load reductions in the column studies can also be evaluated.
Many LID systems such as porous asphalt, porous concrete,
various types of paver systems, bioretention, building &
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curbside planters, rain barrels, green roof as well as a swale/
open water quality feature. All these systems are fully
monitored, and data is recorded at one-minute intervals. The
sensors for monitoring are placed at the bottom of each layer
of a permeable pavement system as an example, so changes
in infiltration and water quality can be observed in each
section as well as the system. The monitoring include rainfall,
infiltration versus runoff, and pollutant loads at each sample
depth. Based upon the monitoring results, the designs of the
GI/LID concepts can be modified to address runoff volumes
and water quality issues for current and future rainfall patterns
in South Korea.
A Study on the Introduction of Low Impact Development for
Widespread Applications in South Korea - Steven Trinkaus,
Trinkaus Engineering, LLC, Southbury, CT
Low Impact Development (LID) requires an evaluation of
the natural hydrologic system on and near a site with the
focus being that the post-development conditions mimic the
natural hydrologic conditions. LID focuses on small, frequent
rainfall events, generally being 2.5 cm/24 hours instead
of large, infrequent rainfall events as current stormwater
management commonly does. However, as LID is being
implemented around the world, many places are experiencing
concerns with the design, installation and maintenance of LID
systems. In the United States, we have experienced many
failures of various types of LID systems. Design, installation
issues and lack of maintenance are the primary reasons they
fail. South Korea is taking a unique approach to addressing
these issues. Land & Housing Institute (LHI) is researching
various aspects of LID and how they can be applied on
projects built by Land & Housing Corporation for existing
and proposed cities. LHI has implemented LID concepts,
such as rainwater harvesting, swales and infiltration systems
for several projects. Dr. Choi, a Senior Research Fellow at LHI
is leading an effort with other researchers at LHI to address
these issues. They have development a document entitled
“A Study on Introduction Plan of Low Impact Development
Techniques in Multi-Functional Administrative City (MAC) (I)”
for a project Sejong city was published in 2019. This report
is to be used as a template for all cities in South Korea to
facilitate the implementation of LID. The report discusses the
importance maintaining the natural hydrologic conditions for
post-development conditions. The report creates a template
approach to apply LID concepts to new development in South
Korea. The report discusses different LID approaches for
different types of development, from single family residential
to multifamily to commercial development. Design guidelines,
construction details & maintenance provisions are provided
for the various types of LID in the report. This approach will
further the implementation of LID in South Korea.
Watershed-wide BMP Prioritization with a Flexible, BottomUp Modeling Framework - Thomas Epps, Tetra Tech, San
Diego, CA (co-authors - B. Wardynski, C. Helmle, T. Moon)
Watershed-wide applications of structural best management
practices (BMPs) have been approached with an emphasis
on optimization in more recent planning efforts to ensure the
best BMPs will be implemented at the least cost to address
regulations. Often, BMP modeling is combined with cost
functions and the use of genetic algorithms to mathematically
select an optimal set of BMPs that will meet defined objectives
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(namely, sufficient pollutant or runoff reduction). The results
of this type of approach are dependent on cost functions that
do not often reflect the full costs of BMP design, construction,
project management, and ongoing maintenance to watershed
managers. Not all of these costs are easily quantified nor
do they scale well with relevant design parameters related
to BMPs. Additionally, because of the non-linearity of these
optimization problems, there exists a high degree of potential
equifinality in system optimization solutions. Depending
on the watershed scale, the number of potential BMPs to
evaluate, and the different design parameters evaluated,
computational needs for watershed-wide optimization can
exceed available computing resources. Because of this, an
alternative modeling framework has been established to make
watershed-wide BMP prioritization more flexible, achievable,
and updatable. This framework relies on a bottom-up
approach, multi-criteria project ranking, and iterative
evaluation of nesting effects to compile a prioritized list of
BMPs until compliance targets are met for a given watershed.
This study demonstrates this modeling framework and how
it can be utilized to customize BMP plans to meet certain
desired criteria by using different ranking methodologies.
Results utilizing this framework with different project ranking
methods are compared to those using the Environmental
Protection Agency’s System for Urban Stormwater Treatment
and Analysis IntegratioN (EPA SUSTAIN) at the outfall scale
for the Compton Creek watershed in Los Angeles, CA. Results
at the outfall scale from SUSTAIN are then aggregated and
compared to watershed-wide application of the modeling
framework to assess differences in project selection and
planning level costs between the results.

SESSION 42 | Alta
Simulations for Forecasts & Design
Examine Flow-Duration-Frequency (Fdf) Curve With BiExponential Functions For Water Resource Planning And
Management - Zhenxing Zhang, Illinois State Water Survey
Champaign, IL (co-authors - W Zhao, X. Guan)
For water resources planning and management such as
minimum flow regulation, drought management, and water
supply planning, continuous duration of low flow or drought
episodes and associated frequencies are often needed.
However, the commonly used flow-duration curve (FDC)
does not provide this key information for a pre-specified
streamflow. The present study propose a methodology
to develop streamflow–duration–frequency (FDF) curves
that are aimed to estimate durations and frequencies of low
flow episodes, using low flow threshold method. Deriving
from a Poisson arrival process, we propose an exponential
distribution to explore low flow episodes. Ten long-term
continuous USGS streamflow gages in Illinois with various
features are selected to test the method. Both exponential
functions and bi-exponential functions are fitted for the
observed low flow episodes. The parameters, including the
total number of events and mean duration of all events,
are estimated with an intelligent optimization method. The
comparative results of both the root mean square error and
the correlation coefficient between the bi-exponential and
exponential functions suggest the fitting accuracy of the bioexponential function is significantly better for each discharge
level of each gage. The results demonstrate that FDF curves
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may be simulated accurately by the bi-exponential function.
The proposed methodology is able to provide a valuable tool
for water resources managers to identify streamflow droughts
and accurately characterize low flow episodes.
Applications of Fine Scale Hydrological Simulations in
Predicting Crop Yields - Iman Haqiqi, Purdue University
West Lafayett, IN (co-authors - D. Grogan, T. Hertel, W.
Schlenker)
During the 2001-2015 period, more than 70% of crop
indemnities in the United States (US) were paid for drought/
flood related perils (USDA-RMA). Yet, the significance of yearon-year variation of soil moisture and water in yield response
to climate has not been well quantified. This study employs
simulated daily soil moisture to estimate the yields of maize,
soybeans, and wheat. We apply this approach to investigate
the impact of each combination of heat-moisture interval
on crop yields. This study demonstrates the advantages of
using soil moisture metrics over current proxy variables in
capturing climate-driven variations in agricultural outcomes.
The hypothesis is that “soil moisture index and its daily
interaction with heat perform better in predicting crop yields
in the US compared to the commonly used proxy variables
such as mean precipitation”. Specifically, we investigate: 1)
the marginal impacts of mean soil moisture content on crop
yields; 2) the marginal impact of soil moisture extremes on
crop yields, and 3) the marginal impact of heat-soil moisture
combinations on crop yields. Although current studies were
exceptionally successful in capturing the impacts of heat on
crop yields, there has been limited success using soil moisture.
Despite existing theoretical frameworks and controlled
experiments, current empirical studies have not been able
to pinpoint a statistically significant relationship between
soil moisture and crop yields at the national level. --Methods
and Data This work extends Schlenker and Roberts (2009)
model by considering various metrics of soil moisture stress as
simulated by Water Balance Model. This study measures the
significance of various soil moisture indicators in predicting
yields including: mean daily soil moisture content, withinseason variation of soil moisture, mean below-normal daily soil
moisture, and the number of soil moisture extreme incidents.
The models are estimated in a panel fixed-effect, clustering
US counties by state. An important contribution is the
introduction of a daily cumulative yield production function
considering the interaction of heat and soil moisture. We also
suggest a revision of the concepts of beneficial heat (below
critical temperature threshold) and harmful heat (above
critical temperature threshold) by integrating soil moisture
levels into definitions. Regarding data, this study introduces a
unique dataset of simulated soil moisture which is consistent
with our temperature dataset at 2.5 x 2.5 arc minute grid cells.
The temperature and precipitation are taken from PRISM
(Parameter-elevation Regressions on Independent Slopes
Model). We pair a fine-scale daily dataset of precipitation and
with new time series on predicted daily root-zone soil moisture
from WBM (Water Balance Model) driven by the PRISM
data set, then we estimate determinants of the county-level
yield of maize, soybeans, and wheat as reported by USDANASS. --Findings: First, seasonal mean soil moisture performs
well in statistically predicting crop yields and improves the
regressions. Second, the marginal impact of heat on yield
depends on the soil moisture level. Third, we also find that too
much soil moisture has a negative impact on yield. Finally, this
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study suggests a careful revision of the concepts of beneficial
degree days and harmful degree days.
Production of Seasonal-Scale Streamflow Forecasts by
Coupling the Water Security Indicator Model and the
Streamflow Prediction Tool - Elissa Yeates, USACE ERDC
CHL, Vicksburg, MS (co-authors - M. Geheran, M. Wahl, D.
Baston)
Streamflow forecasting using atmospheric forecasts and
hydrologic routing through land surface models has been a
greatly expanded capability over the past several decades of
hydrologic research. These forecasts anticipate the timing and
magnitude of streamflow peaks, enabling early warning and
preparation for floods. Additionally, these capabilities produce
synthetic historical hydrographs for ungauged streams,
allowing hydrologic analysis in areas that are sparse of
measured data. The forecast windows using these methods
are typically limited to two weeks by the available forecast
atmospheric driving data. Recent advances in atmospheric
modeling have enabled the production of longer forecast
windows, which are less precise but can give a useful sense of
general hydrologic activity in the forecast timeframe. The
purpose of this research is the production and evaluation of a
seasonal streamflow forecast using a Muskingum routing
method streamflow model and atmospheric input from a
medium-term atmospheric and precipitation model. The
Streamflow Prediction Tool (SPT, USACE) provides hydrologic
forecasts globally by routing runoff forecasts from the
European Centre for Medium-Range Weather Forecasts
(ECMWF) using the Routing Application for Parallel
computatIon of Discharge model (RAPID). The Water Security
Indicator Model (WSIM) developed by ISciences, LLC currently
produces half-degree-resolution global maps each month
identifying regions forecast to experience anomalous
hydrologic activity within the upcoming nine-month period.
This work uses the land surface model component of WSIM to
produce daily runoff forecasts up to three months. These
forecasts then serve as input to the RAPID SPT model to
produce streamflow forecasts. To evaluate the skill of the
coupled model in producing medium-term streamflow
forecasts, resultant one, two, and three-month ahead forecasts
are compared with stream gauge (observed) data in the
United States across a three-year historical period of interest.
The validation process seeks to answer the questions: Do
seasonal forecasts capture general streamflow trends
compared to average flows? Do they capture relative timing of
flow peaks? How does seasonal forecasting skill vary
geographically? This type of general information could inform
decision making around water management issues including
drought and flood preparation, water resource allocation, and
optimization of channel maintenance.
Benefits of Stream Simulation Culvert Design in Arid
Environments - Darren Hinton, NHC, Elk Ridge, UT
Environmental pressures and litigation in the northwest and
other parts of the United States have resulted in changes to
design methods for stream or river crossings to address the
needs of anadromous fish and other environmentally sensitive
species. Some of these changes have required larger culverts
and bridges to better address fish passage and water quality
issues. The design methodology that has evolved is referred to
as stream simulation. Understandably, there is a higher cost to
facility owners and the public associated with this more
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detailed approach. However, benefits in the form of reduced
maintenance costs, flooding damage, and liability have also
been realized. Other parts of the United States, such as in the
arid southwest, do not have the variety or density of
environmentally sensitive species, or at least are not cognizant
that these concerns exist. In such locations, there is a hesitancy
to adopt the stream simulation design methodology for
stream crossings due to 1) a belief that such methodology is
not necessary, 2) concerns regarding the associated cost, or 3)
simply not knowing that another approach is viable. This
presentation specifically discusses the different culvert design
methodologies and describes how this more comprehensive
design process is superior to other methods even in arid
environments in terms of hydraulics, geomorphology, and
economics.

SESSION 43 | Snowbird
Targeting Policy Across Spatial Scales
State Water Policy Database - Amelia Nuding, Western
Resource Advocates, Boulder, CO
Western Resources Advocates has developed a free,
online, State Water Policy Database. This database
highlights several notable and exemplary state water
policies and programs from around the country related
to three issue areas: Urban Water conservation – The
reduction of water use or loss in municipal settings through
technology requirements, planning, permitting, reporting,
and goal setting. Water reuse – The promotion of recycled
water – non-potable and potable – through regulations,
planning, permitting, reporting, and goal setting. Land Use
& Water Integration – The integration of water planning,
reuse, conservation, and other considerations into the
land use planning process. The goal of this database is
to provide examples of state policies that support the
development of these three sustainable water topics at the
local and state levels. This is not intended to be a complete
list of every policy in every state. Policies have been
selected by Western Resource Advocates in consultation
with industry experts, to showcase policies that advance
the objective of the water topic beyond the status quo. This
database is continuously being developed and updated,
and will serve as a resource to a variety of organizations in
the years to come.
“Reving Up Our Engines” In Alaska! - State Water Law V.
Federal Reserved Water Rights After Sturgeon V. Frost Harold Shepherd, Water Policy Consulting, LLC, Fritz Creek,
AK
The U.S. Supreme Court recently ruled in favor of John
Sturgeon who sued the National Park Service (NPS) in
2007, after rangers on the Yukon-Charley Rivers National
Preserve of Alaska told him he could not use a hovercraft
for hunting moose on the Nation River near the Canadian
border. While the Park claimed it had jurisdiction to manage
navigable waters inside park boundaries, the state which
allows hovercrafts, joined in the law suit and maintained that
it had the right to manage waters within the state including
those of such rivers. The Court concluded that, for the
purposes of the Alaska National Interest Lands Conservation
Act (ANILCA), the Nation River does not qualify as “public
land” and, therefore, that the park service does not have
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authority to regulate Sturgeon’s activities on that part of the
river found within the preserve. According to the Court “[t]
hat means Sturgeon can again rev up his hovercraft in search
of moose.” Despite worries from tribal interests, that the
Sturgeon litigation would reverse decades of legal precedents
for federal subsistence fishing rights in Alaska, another
case referred to as “Katie John” which protected ANILCA’s
subsistence priority related to federal reserved water rights,
was supposedly, kept intact by a single footnote buried in the
middle of the 46-page ruling which stated that the Katie John
is “not at issue in this case, and we therefore do not disturb
the Ninth Circuit’s holdings that the Park Service may regulate
subsistence fishing on navigable waters.” This presentation
will focus on whether he Supreme Court decision correctly
interprets ANILCA limits the NPS jurisdiction over state and
native lands; will impact other rivers in the state which could
be interpreted as navigable waters and therefore, under the
state, rather than the federal jurisdiction; will impact federal
reserved water rights in Alaska and what will be the impact of
the decision the federal governments trust duty to provide a
subsistence priority regarding Alaska Native water interests.
Protecting Wetlands to Protect People – A Policy Proposal
- Joanna Endter-Wada, Utah State University, Logan, UT (coauthors - K. Kettenring, A. Sutton-Grier)
Extreme weather events are becoming the “norm” with
droughts, megafires, and major flooding precipitating more
frequent disasters. The ecological, human, and economic
impacts of many catastrophic weather events can be linked,
directly or indirectly, to loss of wetlands. Yet, the protective
services of wetlands—for preventing and mitigating weatherrelated disasters—are greatly undervalued by people,
societies, and governments all over the world. We have failed
to sufficiently protect wetlands to protect ourselves as well
as the wildlife that depend on them. It is time to take bold,
effective, landscape-scale policy action to strategically link
wetland protective services to other societal objectives related
to land, water, environmental and human community and
infrastructure management. In this presentation, we discuss
how wetlands provide protective services from weatherrelated disasters, with a focus on desert wetlands and their
role in drought management. We provide examples of how we
can better incorporate wetlands into U.S. disaster risk planning
and detail a policy proposal for a large-scale national wetlands
commission to better protect and manage wetlands in various
landscape and watershed settings. We offer suggestions of
the types of inter-governmental coordination such a national
wetland commission could help facilitate in the U.S. Our case
study is based on our knowledge of U.S. governance and
policy structures, but the ideas we present are relevant to
wetlands in all regions of the world.
The State of Water Quality Strategies in the Mississippi River
Basin: Is Cooperative Federalism Working? - Silvia Secchi,
University of Iowa, Iowa City, IA
There is consensus that the Clean Water Act (CWA) has
generally been effective in addressing point source pollution
in the US. There is also consensus that non-point source
(NPS) pollution, particularly from agriculture, remains a
problem. The potential for the CWA framework to affect
change is unclear, due to the limited power of the US
federal government in addressing NPS, the contentiousness
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surrounding it, and lack of funding. States are critical in
improving water quality in the U.S. In the Mississippi River
Basin, State-level Nutrient Reduction Strategies (NRS) are
the vehicle chosen by the Environmental Protection Agency
to improve water quality. We develop an assessment of the
twelve Mississippi River states’ strategies, focusing on publicly
available documents. We consider three issues: whether there
is science-based support for a choice, with a focus on NPS;
if and how updates on progress are available; and whether
there is alignment of funding and abatement priorities. We
find that the NRS suffer from lack of targeting and scientific
basis for the watershed prioritization, they omit consideration
of Confined Animal Feeding Operations, lack of understanding
of the spatio-temporal patterns of benefits, and are burdened
with poor implementation, and insufficient additional
resources. Further, the development of Numeric Nutrient
Criteria is stalled, and several states have not reported on their
progress. Broadly speaking, the lackluster progress of the
NRS is a significant indicator of the lack of ex post program
evaluation in environmental policy, which is de facto left to
the courts. Our analysis shows that federalism has become
a problematic framework for improving water quality in the
MARB because most of the funding for subsidies to reduce
NPS pollution comes from federal voluntary programs (such
as the conservation title of the farm Bill), but the authority
to address NPS pollution is left to state and local authorities,
which have little funding for monitoring and, according to
legal scholars, have little willingness to act. This analysis
provides a case study relevant to the management of water
pollution in agriculturally dominated watersheds worldwide,
and can inform broader discussions on the effectiveness of
decentralized approaches to water quality management.
A National Water Plan: A Need for a Strategic Approach to
Sustainability - David Wegner, Woolpert Engineering
Tucson, AZ
The Nation’s water policy has evolved as a conglomeration
of English Common Law, Spanish heritage, an attitude of use
it or lose it, and the concept of beneficial use. The resulting
water infrastructure that largely defines who gets water
and how much, was largely designed and constructed from
the 1940’s through the 1970’s and reflects an attitude that
we can control the movement and distribution. There was
little to no national approach to water except that vested
within who controlled the budget and the broad legislative
direction of Congress the federal water agencies. Today
the Nation’s water policy and control is comprised of an
intricate web of federal, state, tribal, water districts and
local water managers. Implementing legislatively directed
water policies is vested within 26 federal agencies, fifty
states, 4 territories, multiple tribes, thousands of municipal
organizations, and hundreds of water districts. All are
facing challenges of a changing water dynamic – from too
much due to floods and rising sea levels, to not enough
due to droughts, rising demand and diminishing supplies.
In the 1960’a Congress supported the development of a
National Water Commission to help guide federal water
policy. The efforts resulted in the initial formation of
river basin commissions, organizational support and
coordinated planning. This National approach was abruptly
terminated in 1984 when funding was removed by the
federal government. The desire and false hope were that
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the states would take on the responsibility. The result has
been increased fragmentation, different levels of effort, and
a lack of a national dialogue regarding water policy. It is
the author’s belief that a National Water Commission should
be reinvigorated with the mission to provide support and
a forum for bringing together agencies and stakeholders,
science and data, and a recognition of the issues facing
the sustainable management and protection of our water
resources requires leadership and a strategic approach to
sustainable water management.
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SESSION 44 | Deer Valley
Future Climate Effects on Water Systems
Impacts On Future Climate Change Scenarios On Regional
Water Availability In An Arid Region - Zhuping Sheng, Texas
A&M AgriLife Research, El Paso, TX (co-authors - S. Ahn, R.
Bailey, C. Jung, S. Park, A. Granados)
The integrated and comprehensive modeling capabilities
become increasingly important to assess impacts of climate
change on hydrology systems in semi-arid agricultural areas.
In this study, we used a SWAT-MODFLOW linkage framework
to simulate watershed hydrological processes with SWAT
model and its connections with groundwater movement with
the MODFLOW model. We developed monthly time step
SWAT for El Paso-Juarez watershed and MODFLOW model
for Hueco Bolson Aquifer located in the Rio Grande basin
along the US and Mexico border. The SWAT model utilized
the automatic irrigation method to incorporate irrigation
of different crops considering 6 diversions from the Rio
Grande and irrigation network as irrigation water sources. The
MODFLOW model were used to simulate the flow of the river,
canals, and drains respectively, to connect with SWAT. The
model was calibrated and validated for the historic period of
1969-2013. Then the model was used to simulate impacts of
different climate change scenarios on the water availability up
to 2040, especially with continued depletion of groundwater
in an aquifer that has been stressed due to historical pumping.
Different strategies including improved irrigation technology
and changes in crop patterns were evaluated to safeguard
future water supplies in the region. The results will not only
provide an insight into interconnection between surface water
and groundwater availability under changing climate, but also
offer guidelines for strategic planning and management of
water resources for coexisting urban and agricultural sectors.
Building a Resilient Municipal Water Supply for Climate
Change - Bill Szafranski, Lynker Technologies, Boulder, CO
(co-authors - K. Hutton, L. Rozaklis, R. Wolvington)
Many water providers complete long-term planning studies
to analyze their water supply and understand how it can
withstand future population growth and changes in demand.
However, as we begin to see the effects of climate change on
our environment, robust planning of water supply requires a
thorough system analysis, including projected climate change
impacts on supply and demand. Climate change data are
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complex, with hundreds of model projections and multiple
potentially relevant variables spanning over a hundred years.
Determining how the changes to supply and demand affect
a water supply system requires a system model and an
ensemble of model runs to reflect the uncertainty of a climatechanged future. All of this requires extensive pre-processing
of climate model data and an informed approach to utilizing
those data. Here we examine a resilient approach to water
supply planning that incorporates future projected climate
change impacts using a case study of the City of Boulder in
Colorado. We step through methods for examining climate
change impacts on supply and demand and then use CRAM, a
water allocation model, to analyze the City’s system response
to projected future conditions.
Future Great Salt Lake Water Levels With Historical Climate
Variability - Krishna Khatri, Utah Division of Water Resources
Salt Lake City, UT (co-authors - C. Miller, C. Hasenyager)
The Great Salt Lake is the largest saline terminal lake in the
western hemisphere and the eighth-largest in the world. The
lake contributes about $1.30 billion to the local economy,
supports a very diverse and unique ecosystem of wetlands, a
huge population of migratory birds, and other terrestrial and
aquatic wildlife. However, several recent studies show the
Great Salt Lake, similar to the other main saline lakes around
the world, is rapidly shrinking in size due to human and natural
impacts. Therefore, studies on how each of those drivers may
have direct and indirect impacts on the lake levels was
necessary to understand the causes of the declining water
levels and formulate policy responses to sustain the functions
of the lake. The objective of this study was to analyze the
impact of climate change and climate variability on the Great
Salt Lake levels. Three sets of the future climate change
scenarios (RCPs: 4.5, 6.0, and 8.5) were statistically
downscaled for years 2060s from CMIP5 data source and the
Integrated Water Resources Management Model (GSLIM) was
used to analyze the impact of climate change. GSLIM, the
latest version of the Great Salt Lake model, is housed within
the state agencies at the Utah Department of Natural
Resources and enables evaluation of the lake and salinity levels
accounting integrated effects of watersheds, wetlands and the
lake. The main climate parameters considered for the analysis
include temperature, precipitation, and evapotranspiration.
The historical extreme climate scenarios (i.e., wet and dry
period) observed in different critical years, when the Great Salt
Lake levels were the lowest and highest (i.e., mainly 1960’s and,
1980’s), were evaluated to model the impact of climate
variability. This presentation will cover: (1) major features of the
newly developed GSLIM, (2) downscaled climate change in the
watersheds, (3) change in lake water levels due to multiple
climate change scenarios from 2020 through 2060, and (3)
the rate of decline and regain of lake levels in the future if we
experience historical climate variability of 1960s and 1980s.
Stress test of Salt Lake City Water System to Identify Climate
Change Adaptation Strategies - Ryan Johnson, University of
Utah, Salt Lake City, UT (co-authors - S. Burian; C. Strong; P.
Brooks; L. Briefer; T. Kirkham; J. Stewart)
Water managers are responsible for safe and reliable public
water service (e.g., supply and distribution). However, it is not
a simple task due to various challenges such as population
growth, water quality protection, climate changes, and aging
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infrastructure which all lead to inefficient water service. As
concern in those challenges grows, characterizing the
problems and developing solutions for the problems become
paramount importance for effective water service. Salt Lake
City (SLC), Utah, is also facing those challenges, especially the
growing population and changing the climate. This study
conducted a stress test of the SLC region to identify the most
severe climate scenario and make an adaptation
recommendation to the projected extreme climate scenarios
and population growth. Water system modeling is
demonstrated by GoldSim which is a Monte-Carlo simulation
software for dynamically modeling complex systems. The
GoldSim model for SLC region is previously developed by [1]
but is updated accordingly to achieve the goal of the study
follow the EPA Climate Ready Water Utilities guidance. The
climate scenarios are generated by projecting percent change
in precipitation and temperature for the SLC region, and also
the probabilities of each percent change are estimated.
Changes in precipitation and temperature are represented as
reduction and earlier time of the peak of streamflows
presented in the model. For a given climate scenarios, several
supply solutions (e.g., new surface water supply source,
developing an aquifer storage and recovery program, drilling
new groundwater wells, and water reuse), demand solutions
(e.g., conservation), and infrastructure improvements (e.g.,
rehabilitation of pipeline, smart metering on demand) are
tested to prioritize the adaptation strategy for climate
scenarios. The impact of climate scenarios and solutions are
compared using severity which quantifies the magnitude of
failure (e.g., insufficient supply to meet required demand) of
the system. All of the stress test results are depicted in
reference surface having percent changes of temperature and
precipitation in each axis while the values on the surface
represent the simulated severity with the probability of both
changes estimated by a multivariate probability density
function. Resulting reference surface not only visually
compares each adaptation solution but also provide expected
severity to support a recommendation for adapting climate
projection. Reference [1] Goharian, E., Burian, S. J., Lillywhite,
J., & Hile, R. (2016). Vulnerability assessment to support
integrated water resources management of metropolitan
water supply systems. Journal of Water Resources Planning
and Management, 143(3), 04016080.

SESSION 45 | Brighton
Water Reuse in Agriculture
Integration Of Hydrologic Modeling And Remote Sensing
Data To Evaluate Sustainable Irrigation Water Management
- Manashi Paul, University of Maryland, College Park, College
Park, MD (co-author - M. Negahban-Azar)
Intensified climate variability, depleting groundwater and
escalating water demand creates severe stress on high
quality water sources used for agricultural irrigation. The
water scarcity exacts a necessity to evaluate the pressurized
irrigation system and explore the non-traditional water sources
to save freshwater and sustain food production. Before the
implementation of agricultural management practices, it is
necessary to evaluate the ecological and economical effects
on the watershed scale using agro-hydrological model. The
objective of this study was to provide a complete assessment
of the agriculture water budget using a hydrological model
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Soil and Water Assessment Tool (SWAT) with the application
of remotely sensed leaf area index (LAI) for a large complex
watershed. An agricultural dominant (37.4%) San Joaquin
watershed in the Center Valley of California was selected
where major croplands are almond (10.35%), vineyard (8.2%),
alfalfa (4.2%), winter wheat (2.6%), tomatoes (2.4%) and
cotton (2.3%). Deficit irrigation (DI), conveyance improvement
(CI), precise irrigation (PI), reclaimed water (RW), and
their combinations were evaluated as different scenarios.
The potential non-traditional water source scenario was
developed through reclaimed treated water from existing
wastewater treatment plant (WWTP) as a valuable alternative
for emergency agricultural water (e.g., drought season) and
to reduce irrigation water extraction. For each scenario, crop
water use and environmental flow (ex. surface runoff and
groundwater) were estimated for the cash crop like almond
and grape. The outcomes of this study will provide information
for agricultural water management and facilitate future studies
focusing on developing a decision-making tool.
Agricultural Water Reuse in United States: Regulations and
Guidelines - Farshid Shoushtarian, University of Maryland
Hyattsville, MD (co-author - M. Negahban-Azar)
Water reuse has been adopted by the U.S. states to mitigate
the consequences of water crisis in the country, especially
in the agriculture sector as the largest water consumer in
the country. Although recycled water can reliably increase
the supply of water as an alternative water supply, it needs
precise measurements in order to protect human and
environmental health. So far, there is no unified standard in
the U.S. for agricultural water reuse, states are responsible
for issuing their own regulations and guidelines. In order to
regulate safe agricultural water reuse practices, the U.S. states
and international organizations have started to issue their
regulations and guidelines since the spread of water-borne
diseases in the 19th century. California (1918), Iowa (1966),
and Alabama (1975) were the three first states that issued
agricultural water reuse regulations and guidelines in the U.S.
Also, WHO (1973, 1989, and 2006), FAO (1987 and 1999), and
EPA (1980, 1992, 2004, and 2012) established their agricultural
water reuse guidelines to help spread safe agricultural water
reuse. These regulations and guidelines were established
using high-cost/low-risk and low-cost/high-risk approaches,
resulting in diverse range of regulations and guidelines. As a
result, when those regulations and guidelines are compared,
one can see many differences and gaps. The main objective
of this study was to evaluate the established agricultural water
reuse regulations and guidelines in the U.S. A comprehensive
database including types of the crops to be watered with
recycled water, necessary treatments, and their quality
monitoring parameters was compiled in this study. Moreover,
this study provided a detailed comparison between the
established agricultural water reuse regulations and guidelines,
and identified their discrepancies and gaps.
Estimating Domestic Well Locations And Populations Served
In The Contiguous U.S. For Years 2000 And 2010 - Tyler
Johnson, US Geological Survey, San Diego, CA (co-authors K. Belitz, M. Lombard)
Domestic wells provide drinking water supply for
approximately 40 million people in the United States. Knowing
the location of these wells, and the populations they serve,
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is important for identifying heavily used aquifers, locations
susceptible to contamination, and populations potentially
impacted by poor-quality groundwater. The 1990 census was
the last nationally consistent survey of a home’s source of
water, and has not been surveyed since. This paper presents a
method for projecting the population dependent on domestic
wells for years after 1990, using information from the 1990
census along with population data from subsequent censuses.
The method is based on the “domestic ratio” at the census
block-group level, defined here as the number of households
dependent on domestic wells divided by the total population.
Analysis of 1990 data (>220,000 block-groups) indicates that
the domestic ratio is a function of the household density. As
household density increases, the domestic ratio decreases,
once a household density threshold is met. The 1990 data
were used to develop a relationship between household
density and the domestic ratio. The fitted model, along with
household density data from 2000 and 2010, was used to
estimate domestic ratios for each decadal year. In turn, the
number of households dependent on domestic wells was
estimated at the block-group level for 2000 and 2010. Highresolution census-block population data were used to refine
the spatial distribution of domestic-well usage and to convert
the data into population numbers. The results are presented in
two downloadable raster datasets for each decadal year. It is
estimated that the total population using domestic-well water
in the contiguous U.S. increased 1.5% from 1990 to 2000 to a
total of 37.25 million people and increased slightly from 2000
to 2010 to 37.29 million people.
Sustainable Water Reuse in Agriculture: Data Management
and Decision Support Systems - Masoud Azar, University
of Maryland, College Park, MD (co-authors - M. Paul, A.
Shirmohammadi, H. Montas)
Water shortage, growing population and climate change
have resulted in exploration of alternative water sources
for agricultural irrigation. The objective of this research is
to develop a geopspatial database and a decision support
tool to identify the hotspots that are more suitable for use
of reclaimed water for irrigation. multiple data-driven and
knowledge-based decision criteria were included in the study.
The suitability maps for reclaimed water sue were generated
for three cases of proximity to WWTPs, their discharge
volume and their treatment method respectively. Results from
the study led to better understanding of sustainable water
reuse for crop irrigation at regional level.it provides a good
evidence of GIS decision support tool to include multiple
quantitative and qualitative decision criteria and subcriteria,
and how the spatial distribution of suitable areas for reclaimed
water reuse are linked with agricultural areas.

SESSION 46 | Sundance
Managing for Water Quality
Water Quality Simulations upon Utah Lake under Climate
Change Projectionst - Juhn-Yuan Su, IUniversity of Utah
Salt Lake City, UT
Climate change serves as one fundamental characteristic that
yields significant effects upon the environmental performance
of a system. Such characteristics associated with climate
change instigate concerns over the historical and projected
performance of a system of a whole, such as assessing the
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effects upon sea level rise, determining any potential increases
in atmospheric nutrient loadings, etc. On the other hand, such
assessments over the effects of climate change upon the
system performance require significant understanding of the
system itself, analyzing the environmental (e.g., atmospheric
processes, hydrology, nutrient loadings, etc.) and societal
characteristics. Meanwhile, such analyses of the environmental
and societal characteristics of the system are further
combined with evaluations of historical and futuristic climate
change projections toward yielding an overall, comprehensive
assessment of the system performance. For this exercise,
water quality simulations have been conducted over Utah
Lake, a shallow-lake system in Utah County, UT subject to
significant harmful algal blooms (HABs). In this exercise, such
simulations are applied through the Water Quality Assessment
Simulation Program (WASP), evaluating the performance
of nutrients (e.g., nitrogen species, phosphorus species,
CBOD, DO, etc.) and microorganisms (e.g., phytoplankton)
of Utah Lake over a historical period from October 1, 2000
to September 30, 2009. At the same time, climate change
characteristics for such water quality simulations are described
by the representative concentration pathways (RCPs), with
emphasis upon radiative forcing of 4.5, 6.0, and 8.5 watts per
square meter. For this exercise, the dynamically-downscaled
climate data for RCP 6.0 provided by Dr. Court Strong from
the University of Utah’s Department of Atmospheric Sciences
followed by the Multiadaptive Constructed Analogs (MACA)
statistically-downscaled climate data for RCP 4.5 and 8.5
developed by Dr. John Abatzoglou from the University of
Idaho have been applied for simulating climate change
characteristics upon the Utah Lake water quality performance.
Such historical simulations will be followed by a futuristic time
period (October 1, 2035 to September 30, 2044) under land
use and population growth projections for providing an overall
assessment of the water quality performance of Utah Lake due
to climate change.
Blue-Green Slimy Stuff - Coming to a Western Waterway
Soon! - Kimery Wiltshire, Carpe Diem West, Sausalito, CA (coauthors - K. Morgenstern, J. Grounds)
Toxic algae outbreaks in water systems are a well known
phenomena in the Midwest and Eastern United States. Now
though we’re seeing a rapid increase in these outbreaks
in the American West. Like other parts of the country, the
outbreaks are increasing in scope and severity due to a rapidly
warming climate. Unlike the Midwest and East, the outbreaks
in the West aren’t, for the most part, being exacerbated by
agricultural runoff - instead, evidence is pointing to sediment
runoff from unhealthy and/or burned forests upstream and by
reservoir operation protocols. In this session we’ll look at: How Salt Lake City Public utilities and related state and local
agencies are dealing with the outbreaks in some of their key
waterways. - The challenges the City of Salem (Oregon) faced
last year in dealing with weeks of not being to deliver culinary
water (one of their biggest challenges might surprise you!);
and the state health authority’s new regulations to protect
public health - A new study conducted by the University of
Oregon for the Eugene Water & Electric Board on wildfire
impacts on a key upstream reservoir.
Passive-Aggressive Treatment of Arsenic in Mine Water using
Iron Hydroxide Sorption - Drummond Earley, EA Engineering
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Science and Technology, Ogden, UT (co-authors - J.
Hillenbrand, L. Becker, S. Styger, J. Snyder)
Natural and artificial iron hydroxide sorption media can be
used to passively and aggressively treat arsenic in mine
discharge water in flows ranging from less than 1 gallon per
minute (gpm) to more than 10,000 gpm. This paper reviews
the potential of iron hydroxide sorption spanning the range of
application from passive treatment of mine water from
abandoned tailings sites that are greater 100 years old to
aggressive treatment of mega-scale dewatering flows at
active mine sites. Geochemical reactive transport modeling is
used as a tool to design or augment iron coagulation
treatment systems as arsenic sorption is a function of iron
oxidation and precipitation kinetics, pH, water composition
and temperature which vary from site to site. In some
conditions, shallow and vegetated channels function as
biofiltration swales to provide better aeration and iron
hydroxide catalysis and colloid filtering capacity than
traditional treatment facilities. In addition, sludge
management can be facilitated by constructing multiple
channel reaches that can be tiered, with alternating flow
directions, and gated with alternative potential connections to
control residence time and divert flows for maintenance and
sludge removal. Two case studies are presented to illustrate
passive and aggressive treatment systems for arsenic,
respectively. A passive system has been examined for site in
California to treat arsenic in contact water from 100-year-old
plus tailings that have been stabilized by dam retrofitting
using existing iron in drainage water. Here, passive treatment
results in attainment of discharge water quality objectives for
arsenic. At other active mine sites in Nevada aggressive
addition of iron coagulants in channels are treating thousands
of gallons per minute of naturally occurring arsenic in
groundwater that is being pumped from deep wells to
dewater open pit mines. However, the water is naturally
geothermally heated and flocculated iron hydroxide releases
arsenic by exothermic desorption as the water cools along the
treatment channels resulting in arsenic concentration
rebound in discharge water. Hence the dosage of iron must
be increased at the head of the channel to meet discharge
limits at the end of the channel to compensate for the
rebound effect.
PFAS Litigation and Public/Private Water and Wastewater
Utilities - John Coon, Law Offices of John R Coon, JD, PhD
Brunswick, ME (co-author - T. Roe Frazer II)
The number of American communities impacted by
contamination from highly toxic per- and polyfluorinated
compounds (PFAS) continues to grow at an alarming rate.
While the extent of PFAS contamination is not fully known,
investigations thus far, such as sampling and monitoring
required under EPA’s Unregulated Contaminant Monitoring
Rule (UCMR3), indicate the problem is widespread. Recent
data gathered by the Environmental Working Group (EWG)
indicate that at least 610 locations in 43 states are known
to be affected and drinking water systems serving some
19 million people have been impacted. EWG estimates
derived from unpublished data suggest that 1,500 drinking
water systems impacting some 110 million Americans may
be contaminated by PFAS constituents. Private and public
treatment works responsible for supplying potable drinking
water consistent with federal and state requirements are
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increasingly confronted with the expense of treating PFAScontaining water in supply wells and surface waters. Emerging
issues related to the spreading of PFAS-containing sludge
on farmland and public lands are of increasing significance.
One predictable result of the scale of PFAS contamination is
litigation. Nationwide, pending cases reflect a confusing array
of multi-district litigation, class actions, and individual claims
brought in state and federal courts representing a variety of
perspectives and interests as litigants position themselves
to recover for harms and economic injury caused by the
introduction of fluoroalkyl substances into the environment.
We propose to survey the landscape of national pending and
contemplated litigation from a variety of perspectives. One
perspective with which we familiar is that of a trial attorney
representing numerous private and publically traded water
and wastewater utilities throughout the United States and
who has been named to the Executive Committee of the
national multi-district litigation (“MDL”) In Re: Aqueous FilmForming Foams Products Liability Litigation. We will also
examine related issues from the perspective of an attorney/
consultant familiar with the issues confronting farmers and
utilities as the result of the spreading of toxic PFAS-containing
sludge. Finally we propose to discuss the legal theories
underpinning the interests and positions of parties to pending
litigation, including PFAS manufacturers, water and sewer
treatment utilities, consumers, and landowners.

SESSION 47 | Alta
Case Studies in Planning & Management
Impact of Precipitation on Water Resources – A Case Study
from Oklahoma - Jad Ziolkowska, University of Oklahoma,
DGES, Norman, OK (co-author - R. Reyes)
In the most recent decade, precipitation in Oklahoma has
been highly variable temporally and geospatially, thus
impacting soil moisture, surface water and groundwater
resources. Precipitation directly impacts the extent and
duration of drought as well as short-term and long-term
effects on soil moisture, surface water, and groundwater
aquifers, thus determining water availability for municipal
supply, industrial processing, and especially agricultural
production. Accordingly, changes in the rainfall levels create
uncertainty for farmers affecting their production outputs
and net returns, while for water managers and industries the
uncertainty pertains to securing reliable and uninterrupted
water supply to consumers. By means of statistical and
geospatial models we evaluate geospatial and temporal
rainfall variability and its direct impacts on soil moisture
conditions and groundwater levels in all Oklahoma climate
regions since 2003. The analysis is based on the data from
the USGS, the Drought Mitigation Center, NOAA, National
Weather Service Quantitative Precipitation Estimates
(QPE), and the Oklahoma Mesonet. We also investigate
the immediate impacts of changing weather variability on
socio-economic development in the state. The benefits of this
research are both practical (regarding drought estimations
for decision-making) and methodological (providing robust
data cross-application to improve viability of precipitation
estimates and precipitation predictions). The results can be
helpful to better understand and predict drought conditions
as well as surface water and groundwater availability for
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different sectors and uses, especially for the agricultural
production in the state.
Idaho Drone League (iDrone) and Water Resource
Research Applications - Jae Ryu, University of Idaho
Boise, ID
The unmanned aerial system (UAS) is one of the new driving
forces for economic development over the next decades.
The UAS technology is not military-centric business any
more in the sense that its broad applications are prevalent
in many civil operations, including emergency response,
hazard monitoring, delivery service, and public safety. Thanks
to technology improvement on smartphone and various
sensor devices, the UAS market in 2019 will increase rapidly.
Thus, the number of civil operation UAS’s will soon be larger
than that of military operations. As of 2013, the global UAS
market associated with research development on climate
and water science, land and ocean management, aerial video
photography, emergency response, and transportation was
about $66 billion USD while it is estimated to increase to
$114 billion USD in year 2022. But, domestic technology in
the United States is not yet ready to be competitive due to
slow core technology development, limited expertise, and
incomplete infrastructure. Additionally, federal regulation
and policy on UAS applications are still evolving to allow the
public to fly UAS safely and legally. Through this session,
therefore, presenters share various UAS applications from
academia, industry, government entities, and private sectors
will share their experience, technology, skillsets to promote
UAS ecosystem especially for water resources research and
education. Potential presenters are expected to illustrate their
latest research and education program using the fast-moving
technologies, including but not limited to UAS technologies,
sensor fusion algorithm, artificial intelligence (AI), and
machine learning to visualize massive UAS images.
Genotype Response To Irrigation Using An Unmanned
Aircraft System Based High Throughput Phenotyping
System - Juan Landivar, Texas A&M AgriLife Research
Corpus Christi, TX (co-authors - J. Jung, M. Maeda, N. Dube, J.
McGinty, A. Chang, A. Ashapure, S. Oh
A UAS-based high throughput phenotyping system for cotton
developed by Texas A&M AgriLife and Texas A&M University,
Corpus Christi was used to evaluate the response of 30 cotton
genotypes to irrigation. The system included an automated
data processing workflow for a series of UAS data collected
over the growing season to extract various phenotypic
features such as plant population, plant height, canopy cover,
canopy volume, bloom count, open boll count, vegetation
indices, and canopy surface temperature. In addition, a growth
analysis was performed by fitting non-linear models to the
UAS-derived phenotypic features to represent temporal
variation of the cotton genotypes. This growth analysis
provided the following information for each experimental unit:
(1) growth rate related parameters such as maximum growth
rate, timing of the maximum growth rate, duration and timing
of the half maximum growth rate, increasing slope of growth
rate in early season, and decreasing slope of growth rate in
late season; and (2) efficiency related parameters such as
the maximum normalized difference vegetation index (NDVI)
or Excessive Greenness Index (EG), timing of the maximum
NDVI and EG, increasing slope of NDVI and EG in early season,
and decreasing slope of NDVI and EG in late season. In this
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presentation, the response of these parameters to water
regimes, in terms of cottonseed yield will be discussed.

SESSION 48 | Snowbird
Case Studies in Planning and Management II
Systems Practical Viability of Precipitation Harvesting in
the Colorado River Basin - Ryan Gilliom, Colorado School
of Mines, Golden, CO (co-authors - A. Kroepsch, J. McCray,
T. Hogue) With increasing demand and decreasing water
security across the globe, water providers are considering
a wide range of alternative supplies. In considering each
option, decision-makers must consider both technical and
legal viability; one such option is precipitation harvesting.
While climate change brings uncertainty to precipitation
harvesting globally, it is especially tenuous in arid and semiarid regions. There are also questions of whether harvesting
will increase supply security enough to justify the cost of
needed infrastructure. In addition to precipitation availability,
there can be legal barriers to harvesting; not only regulation
of non-potable collection, distribution, and use, but the
legality of diverting, storing, and using the precipitation. Legal
barriers to water innovations are a well-known issue in the
Colorado River Basin (CRB), where most states govern water
rights with some version of Prior Appropriation, a system
based on “first in time, first in right” seniority claims. In some
states, precipitation harvesting is prohibited or limited by
this seniority system; in others, precipitation harvesting may
be allowed or even incentivized. This work investigates the
viability of precipitation harvesting as a tool for water supply
security with respect to precipitation supply, allowable usage
and demand for such uses, and water rights governance in
the CRB. We examine the legal limitations on precipitation
harvesting in CRB states and assess how these limitations
intersect with estimates of precipitation supply and the
storage volume necessary for precipitation harvesting to
contribute meaningfully to water security. Outcomes provide
a precipitation harvesting viability assessment specific to
the CRB’s climate and water laws, identifying critical factors
for decision-making around precipitation harvesting and
areas that require further exploration. Results from this work
exemplify the policy and regulatory factors in all water supply
quests, particularly those in arid places where laws have
developed around defense of a scarce resource.
Greater than the Sum of its Parts: Engaging the Public
as Project Partners to Overcome Site Constraints - Maya
Swope, Riley Purgatory Bluff Creek Watershed District
Chanhassen, MN (co-author - C. Bleser)
Large-scale best-management practices that treat runoff from
large areas are often high-benefit and cost-effective measures
for protecting and improving water resources. But what about
when site constraints are such that there is no space for these
practices? In this case, a distributed approach of engaging
homeowners in small-scale projects can yield the dual benefits
of protecting clean water and growing public stewardship of
water resources. The Riley-Purgatory-Bluff Creek Watershed
District’s 2018 Watershed Management Plan identified the
need for a water quality protection project in the Duck Lake
watershed. A small, primarily residential watershed, Duck Lake
offered few locations for large practices. When the original
site location fell through, the District looked to Duck Lake
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watershed residents. The Duck Lake Community Partnership
seeks to engage the residents of the Duck Lake watershed in
implementing a suite of best practices including: rain gardens,
trees, downspout planters, and rain gardens. To date, 25% of
homes within the watershed have signed up to participate
in the project. Not only is will these collective actions help
to collect, filter, and infiltrate stormwater, but they are also
helping to grow a community of stewardship within the Duck
Lake watershed. This presentation will give an overview of
the project and highlight the challenges and opportunities
inherent in this type of distributed, community project. It will
also describe some of the lessons-learned, and how they
might be applied to future projects.
Best Management Practices Helped Delistings of Impaired
Segments of Willis River, Virginia - Ram Gupta, Virginia
Department of Environmental Quality
ram.gupta@deq.virginia.gov
The Willis River watershed, part of the James River Basin, is
located in Cumberland and Buckingham Counties, Virginia.
Multiple segments of Willis River were listed as impaired due
to either not attaining the State’s water quality standards
for fecal coliform or the General Standard for aquatic life
designated use. A Total Maximum Daily Load (TMDL)
study identified sources of pollution - livestock, failing
septic systems, pet and wildlife for fecal coliform and the
total dissolved solids for aquatic life. Through joint efforts
of Virginia’s Department of Environmental Quality (DEQ)
and Department of Conservation and Recreation (DCR),
Peter Francisco Soil and Water Conservation District and
other stakeholders, watershed residents installed various
agricultural and residential best management practices. These
practices, primarily funded by federal and state agencies,
were installed as part of TMDL implementation projects
completed from 2005 until 2014. Various outreach activities,
including watershed tours, field days, and presentations
at civic bodies, postcard mailings, and radio and television
advertisements were conducted to enhance environmental
awareness and promote installation of conservation measures
in the watershed. DEQ monitoring staff collected water
quality samples at various monitoring stations and analyzed
for bacteria and benthic assessments of the Willis River. As
a result, bacteria and sediment loadings to Willis River were
reduced, leading to decrease in bacteria violation rates
and increase in benthic communities scores. Subsequently,
DEQ removed three segments (34.71-miles total) in 2006
and 2008 for bacteria impairments and two segments
(20.03-miles total) for benthic impairments in 2014 from the
state’s 305(b)/303(d) Water Quality Assessment Integrated
Report. These delistings led to the development of two EPA
approved Success Stories – on bacteria in 2010 and benthic
in 2018. The project demonstrated the importance of joint
efforts by federal and state agencies and landowners and
local stakeholders towards attaining water quality goals of
the Willis River, Virginia.
Urban Flood Resilience Across the Pacific: Case Studies
from Seoul, Tokyo, and Portland - Heejun Chang, Portland
State University, Portland, OR (co-authors – Y. Mikado, D. Bae)
changh@pdx.edu
Flood is a major hazard in many urban areas, resulting in
social and environmental concerns and damages. While many
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municipalities have coped with floods with structural and
non-structural measures, the resilience of the urban systems
to flood hazards are unique to each city. We investigated
how changes in population, floodplain development and
management, and other sociodemographic conditions
affect flood damage and resilience in three major cities
– Seoul, Tokyo, and Portland in the Pacific Rim region.
Using the old maps produced in the early 20th century, we
delineated the spatial extent of disappearing streams and
the degree of channelization in respective cities. Increasing
flood damages are associated with rapid urbanization,
which typically accompanied by channelization in urban
streams. Additionally, recent paradigm shifts in floodplain
management somewhat reduced flood damage in all
cities. However, increasing precipitation intensity may be
challenging current flood management practices. This study
underscores the importance of understanding the historicalgeographical conditions, and how humans either increased or
decreased flood resilience through socio-eco-technological
interventions. Findings of the study have implications for
resilient flood management in urban areas that are currently
facing the dual challenges of land densification and climate
change-induced heavy precipitation.
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