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Welcome!
The Water bLog is the semi-annual 
newsletter of the Utah Center for Water 
Resources Research (UCWRR), housed 
at the Utah Water Research Laboratory.  

The Center supports the development 
of applied research related to water 
resources problems in Utah and 
promotes instructional programs 
that will further the training of water 
resource scientists and engineers.  

Each issue of The Water bLog reports on 
a small selection of current or recently 
completed research projects conducted 
at the center.  More information is 
available online at:

http://uwrl.usu.edu/partnerships/ucwrr/

Message from the Director

As sensor technology improves, so do the possibilities 
for finding better ways to answer pressing water 

resources management questions. UCWRR researchers are 
developing a variety of new methods to collect, analyze, 
and manage data. These tools are fostering data sharing, 
creating open source tools, enhancing collaboration, and 
making possible new models and discoveries as scientists 
interact with the available data.

In this issue, we highlight two projects that are employing innovative data 
collection strategies to address practical water management challenges. The 
first uses technologies developed by the AggieAir group at USU. These include 
small unmanned aerial vehicles and custom payloads that, together with 
advanced software, can identify and map the types of vegetation growing 
beneath the water surface in Fish Lake, Utah, to help state agencies manage 
invasive aquatic plant species. The second project uses high-frequency and 
continuous data sensor networks, along with a mobile water quality monitoring 
platform, to measure spatial differences in water quality in urban conveyance 
systems and better understand the impact of storm water events on hydrology 
and on the quality of downstream waters. 

These projects represent only a fraction of the active research underway at the 
UCWRR aimed at solving water-related natural resources problems throughout 
Utah, the nation, and the world. 

     Mac McKee, Director
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Ian Gowing collecting reference data at Fish Lake, Utah

http://uwrl.usu.edu/partnerships/ucwrr


lake because the yellow perch can out-
compete the Utah chub, on which the 
lake trout normally feed. 

Seeking Solutions

The National Forest Service is 
collaborating with the Utah Division of 
Wildlife Resources (UDWR) to explore 
ways to eradicate milfoil throughout the 
lake. Mediation efforts have included 
cutting weeds and introducing the 
milfoil weevil, an aquatic insect that 
feeds almost exclusively on milfoil. The 
UDWR has also turned to remote sensing 

the traditional vegetation. Eurasian 
watermilfoil typically outcompetes most 
native aquatic vegetation and can spread 
rapidly. Small pieces can break off, take 
root, and grow into new plants. In Fish 
Lake, milfoil grows to the surface of the 
lake and creates dense floating mats. 

Despite its abundance, milfoil has 
very little nutritional value to fish and 
its presence reduces invertebrate 
abundance and diversity. It may also 
provide extra cover for non-native 
yellow perch, which only increases the 
negative effects on sports fisheries in the 

Fish Lake, in the mountains of south-
central Utah, is a highly regarded 

sport fishing destination, boasting large 
lake trout, as well as rainbow trout, 
splake, and non-native yellow perch, 
among others. 

Problem

Historically the lake supported native 
aquatic rooted vegetation around its 
shoreline, but Eurasian watermilfoil, 
a non-native invasive aquatic plant 
introduced to North America in the 
1940s, has since displaced much of 
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Mapping submerged vegetation:
AggieAir UAS flying high over Fish Lake, UT

“AggieAir obtained FAA 
permission to fly at 11,100 feet 
above mean sea level, or 2200 

feet above ground level. This is 
certainly the highest altitude 

AggieAir has ever flown.”

Eurasian watermilfoil in Fish Lake, UT
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PI: Ian Gowing 
Research Engineer,  

Utah Water Research Laboratory,  
Utah State University  

Phone (435) 797-3159 
Email: ian.gowing@usu.edu

can be adapted with many different 
spectral filters.

The high-resolution (11 cm) multispectral 
imagery was captured over Fish Lake 
on September 28, 2016 in RGB, yellow, 
near infrared, and red edge. Two flights 
were launched at times that would 
minimize sunglint and/or excessive wind, 
both of which can negatively affect 
interpretation of features below the 
water surface. 

The team also collected boat and wading 
samples along the shoreline to serve as 
reference identification data. eCognition 
9.0 software was then used to distinguish 
pixel values in the imagery and generate 
the vegetation maps. 

Results

The classified vegetation maps created 
for this project form a crucial baseline, 
which can now be compared with future 
flights when AggieAir takes to the skies 
again over Fish Lake in subsequent years. 
The changes detected between the 
old and the new imagery will help the 
UDWR to assess the effectiveness of their 
Eurasian watermilfoil mitigation efforts.

beneath the water surface to create 
high-resolution aquatic vegetation maps 
of the western shoreline of Fish Lake 
where milfoil has become particularly 
problematic. AggieAir obtained FAA 
permission to fly at 11,100 feet above 
mean sea level or 2200 feet above 
ground level (AGL). This is certainly the 
highest altitude AggieAir has ever flown. 

Imagery and Processing

The AggieAir payload consisted of three 
cameras:

 6 an ICI 9640 thermal camera,

 6 a 12-megapixel (MP) scientific grade 
Lumenera visual (RGB) camera, and

 6 a 12-megapixel (MP) scientific grade 
Lumenera monochrome camera that 

to map and monitor the spread of the 
aquatic weed in Fish Lake and evaluate 
the effectiveness of their mitigation 
measures. 

Even so, sub-aquatic vegetation is 
more difficult to map than emergent 
vegetation. Light is absorbed as it passes 
through the water column, which leaves 
significantly less reflected light to identify 
the different aquatic vegetation types.

The WorldView-2 satellite was 
originally selected by the UDWR to 
map sub-aquatic vegetation because 
of the number and type of spectral 
bands available, but recent sensor 
improvements and miniaturization have 
made small unmanned aerial systems 
(UAS) a more attractive option. 

AggieAir Remote Sensing UAS

That’s where AggieAir enters the picture. 
The AggieAir group at the Utah Water 
Research Laboratory has developed 
small UAS platforms and payloads 
well-suited for this remote sensing 
challenge. The AggieAir remote sensing 
technology was designed specifically to 
collect environmental data for scientific 
applications and natural resources 
management problems. It can be 
deployed quickly and repeatedly at high 
or low altitudes and can obtain much 
higher resolution images than satellites 
at a lower cost than manned aircraft.  

The UDWR is working with UCWRR 
researcher Ian Gowing to deploy AggieAir 
with a specific payload that can see 
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WorldView-2 satellite 2.0 m  
resolution imagery

AggieAir 0.11 m  
resolution imagery

The imagery collected using a combination of cameras and filters was used to create 
a orthorectified four-band mosaic of the western shoreline in corrected reflectance 

values and a classified digital map showing the various aquatic vegetation types 
including Eruasian watermilfoil (white).
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High-Frequency Data Tools:
challenging assumptions and process 

representations in hydrologic modeling

In the snowmelt dominated 
watersheds of the western US such 

as Cache Valley, Utah, high-frequency 
or continuous monitoring can result 
in better estimates and forecasts, a 
better understanding of key processes, 
more accurate hydrologic and water 
quality models, and ultimately better 
management decisions.  

Identifying spatial and temporal 
changes in water quality can be a 
challenge with commonly employed 
grab sampling because such sampling 
provides only periodic information at 
specific representative sites within an 
area of interest. While grab samples 
give occasional snapshots of what 
is occurring in the area, continuous 
monitoring results have shown, for 
instance, that major pollutant loading 
occurs during very brief periods during 
the year. Examples of this phenomenon 
would be in river systems during 

spring snowmelt and in urban water 
conveyance systems (canals) during 
storm water events. This underscores 
the need for high frequency, 
continuous data collection.

The benefits associated with 
continuous monitoring and associated 
cyberinfrastructure tools are 
numerous, including the ability to: 

 6 capture a much broader range of 
hydrologic conditions.  

 6 customize data collection 
frequency and create a much 
larger number of observations than 
could be analyzed in a laboratory.

 6 identify and characterize short-
term hydrologic events that are 
difficult to sample. 

 6 Reduce the cost per observation.

Continuous data collection

Over the past several years, Dr. Jeff 
Horsburgh and his team of students 
and researchers have built and 
maintained high-frequency data 
collection systems in Cache Valley 
watersheds. These systems help 
them evaluate current and emerging 
hydrology and water quality and serve 
as a research test bed within which 
team members can explore the role of 
cyber-infrastructure in supporting day-
to-day data collection, management, 
and sharing to support next-generation 
environmental models. 

High-frequency measurements also 
allow these researchers to better 
estimate pollutant loading and 
timing and quantify storm water 
inputs in urban water systems. For 
example, canal managers occasionally 
need to reduce diversion flows into 
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urban aquatic ecosystems. DOM plays 
critical roles in aquatic ecosystems, 
but it also can lead to adverse water 
quality conditions, including episodes 
of hypoxia in receiving streams and 
potentially longer term effects on 
downstream water bodies like Cutler 
Reservoir.

This project focused on results from 
custom DOM sensors, but the platform 
itself is generic, and can be used with 
any water quality sensors that can be 
integrated via a Campbell Scientific 
datalogger, lending itself to collection 
of higher resolution data over broader 
spatial areas. 

The mobile platform also has the 
potential to provide short-term 
monitoring solutions to otherwise 
unmonitored aquatic ecosystems.

These  and other in situ and mobile 
monitoring tools are providing the 
rich datasets needed to more closely 
examine processes such as the flow 
and water quality impacts of storm 
water runoff and the performance 
of the models and methods these 
researchers are developing to better 
quantify those impacts.

have developed a mobile monitoring 
platform that is helping researchers 
investigate the ways storm water 
affects the hydrology and water quality 
of receiving bodies like urban streams 
and agricultural canals. 

The mobile monitoring platform can 
be used to measure water quality 
variables along the length of a water 
conveyance, instead of relying on fixed 
sensor measurement locations. This 
platform has enhanced their efforts 
to investigate the impacts to flow and 
water quality from both storm events 
and system management. 

A recent application used continuous 
monitoring, as well as the new mobile 
sensing platform to better understand 
how dissolved organic matter (DOM) 
is received and processed within 

canals within city boundaries to 
accommodate storm water inflows. 
These flows consist primarily of runoff 
from streets, gutters, and parking lots.

The result is that, during storm 
events, a high percentage of flow in 
the canal consists of storm water, 
meaning degraded water quality for 
downstream canal water users and 
receiving waters. High-frequency 
data collected within the storm water 
conveyance system and the canals 
enable a better understanding of both 
the amount of storm water contributed 
and the water quality impacts.

Horsburgh’s team is also using the high-
frequency data to improve urban storm 
water models. Many current urban 
storm water models lack mechanisms 
to accurately represent the types of 
water management activities observed 
in mixed urban/agricultural systems, 
but accounting for them is critical to 
understanding and predicting system 
hydrology and water quality. 

Visit the iUTAH GAMUT network 
continuous monitoring projects 
website for more information about 
these efforts and to access continuous 
datasets for the Logan River, Red Butte 
Creek, and Provo River watersheds.

A mobile sensing platform

Graduate student Bryce Mihalevich 
and undergraduate student Phil Suiter 

Continuous urban monitoring station

A mobile water quality monitoring platform enables us to examine spatial patterns 
in water quality that we cannot observe with grab sampling or fixed sensors

 

PI: Jeff Horsburgh 
Assistant Professor,  

Utah Water Research Laboratory,  
Utah State University  

Phone (435) 797-2946 
Email: jeff.horsburgh@usu.edu

http://data.iutahepscor.org/mdf/Data/Gamut_Network/
mailto:randy.martin@usu.edu


Jeffery  Horsburgh
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Ian Gowing 

Featured Researchers:

is Director of the Institute for Natural Systems Engineering 
(INSE) and Manager of the AggieAir Service Center at the 
Utah Water Research Laboratory. He is a field data acquisition 
specialist in habitat and riparian mapping, with additional 
expertise in data preparation and use of the Physical Habitat 
Simulation (PHABSIM) System for hydraulic and habitat 
modeling, and GPS and survey data collection for 1-D and 2-D 
hydrodynamic modeling. For AggieAir projects, Ian assesses 
client needs and imagery requirements for new proposals. He 
also serves as a Ground Control Station operator, where he 
plans and directs AggieAir missions and coordinates AggieAir 
flights and post flight data documentation with clients.

is an Assistant Professor in Civil and Environmental Engineering 
and at the Utah Water Research Laboratory at Utah State 
University, with a teaching emphasis in Hydroinformatics 
and Geographic Information Systems. His research focuses 
on watershed hydrology, surface water quality and human 
dimensions of water use, with projects spanning observation 
systems and sensor networks, data models, development of 
cyberinfrastructure supporting environmental observations, 
using Geographic Information Systems for data analysis and 
dissemination, and modeling techniques for surface water 
hydrology and water quality. See Jeff’s faculty highlight.
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Future Issues 

“Cultivating algae 
to transform dairy 
wastewater into fuel”  

(Dairy waste cannot be 
applied to land because of 
its high nutrient content, but 
researchers are finding ways 
to turn it into methane fuel)

“Estimating water loss 
from arid land regions” 

(Researchers have developed 
a hybrid method to estimating 
total water loss using 
complementary methods)

Contact:

Utah Water Research Laboratory
Utah State University
Logan, UT 84322-8200 
(435) 797-3157

Director:  
Mac McKee
 
Associate Directors:
William J. Doucette &  
Blake P. Tullis

Publication Editor:  
Carri Richards

 
uwrl.usu.edu/research/ucwrr/

Recent Faculty and Student 
Awards

Dr. Blake Tullis received the 2016 
ASDSO Terry L. Hampton Medal, which 
recognizes individuals who have made 
outstanding contributions to dam safety.

Mahyar Aboutalebi is the 2017 AWRA 
Utah Section J. Paul Riley Student Paper 
Competition scholarship recipient. 

Stetson Bassett was awarded the 
Graduate Science and Engineering 
Scholarship from the AWWA 
Intermountain Section.

UWRL Director, Dr. Mac McKee, was 
named 2017 Faculty Researcher of the 
Year for the College of Engineering.

Dr. Randy Martin was recently 
appointed to serve a four year term 
on the Utah Air Quality Board.  

Oroville Dam 1:50 scale physical 
model helps with repair plans

The California Department of Water 
Resources (DWR) commissioned 
UCWRR engineers at the Utah Water 
Research Laboratory (UWRL), Utah State 
University, to construct a physical model 
of the failed Oroville Dam spillway and 
the replacement spillway design. This 
project is being used as a tool to assist 
the hydraulic design team assembled 
by the DWR in their efforts to ensure 
that the new spillway at the Oroville site 
performs safely and has the capacity to 
pass the required flood releases. Physical 
models are considered state-of-the-art 
and provide valuable information to 
engineers to aid in developing the best 
designs possible.

For more on this story, see:

uwrl.usu.edu/news/oroville-dam

In the News:
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Model image of Oroville Dam’s damaged emergency spillway with water flowing

http://uwrl.usu.edu
uwrl.usu.edu/partnerships/ucwrr
https://uwrl.usu.edu/news/oroville-dam 

