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AAAAAA

* Introducing EPA’s Water Sensor Toolbox

 Remote Sensing: EPA’s Participation in the Cyanobacteria
Assessment Network

* Case Studies to evaluate the potential for using sensors to
monitor source water quality with regard to nutrients, algae,
and disinfectant byproducts



https://www.epa.gov/water-research/water-sensors-toolbox
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* The demand for more frequent, lower cost monitoring approaches for
water is increasing and will be important as EPA works to respond to
existing and new challenges in managing water quality

* Sensors are playing an increasing important role in the monitoring of
water quality. EPA ORD has several efforts aimed at the development
and use of sensors

* These efforts are all aimed at providing data and tools to support
utilities and water quality managers




EPA’s New Water Sensors Toolbox

https://www.epa.gov/water-research/water-sensors-toolbox
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=i WAt is in the Water Sensors Toolbox?

* Uses and Applications
* Uses for Water Sensors
* Applications of Water Sensors

* Development to Evaluation
* Water Sensor Development
* Interpreting and Evaluating Water Sensor Data

* Supporting Technology and Data Management of Water
Sensors

 Water Sensors Performance Evaluations

WATER SENSORS TOOLBOX
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sz WAt IS iN the Water Sensors Toolbox?

* Development to Evaluation
* Water Sensor Development
* Interpreting and Evaluating Water Sensor Data

* Supporting Technology and Data Management of Water
Sensors

* Water Sensors Performance Evaluations
* How EPA is Using Water Sensors

e Research Publications and Presentations
 Publication Highlights

e Additional Resources

Development to Evaluation

‘ater Sensor Development:

How EPA is Using Water Sq

WATER SENSORS TOOLBOX
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R o Context

* Problem: Limited resources with broad spatial and
temporal scales

* Action: Satellite technologies complement traditional
field measures

* Results: Earlier response and informed decision making

* Impact. Save money and protect humans, animals and
the environment




SEPA Near real-time detection of cyanobacteria
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CyAN produces daily true color images and algorithm
detections of cyanobacteria biomass

science for a changing world
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SEPA Cyanobacteria Metrics
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CyAN developed four metrics to quantify cyanobacteria biomass
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science for a changing world



EPA Visualization and Analysis Software
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CyAN developed four software options to analyze the satellite data




SEPA Impacts of CyAN
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WYOMING DEPARTMENT OF
D E Q ENVIRONMENTAL QUALITY

‘Wyoming D of il Quality | view as a webpage

Harmful Cyanobacterial Bloom (HCB) Recreational Use
Advisories: Big Sandy, Eden, Lower North Crow,
Pathfinder, and Woodruff Narrows Reservoirs

The Wyoming Department of Health has issued recreational
use advisories...

Potential blooms were identified by satellite imagery from
the Cyanobacteria Assessment Network (CyAN) or reported
to the Wyoming Department of Environmental Quality.

Improving human health
outcomes ~$370,000

6011 | Total annual S3 cloudfree observations across all lakes = 341462
E Mean annual cloudfree observations per lake = 184
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Annual Sentinel-3 (OLCI) cloudfree observations per Lake

Annual potential avoided costs
~$5.7 million/year

CyAN tracked impacts through recreational advisories and
guantifying economic value




SEPA Impacts of CyAN
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Friends of Lake Cascade
=/ September 13at 6:53AM - @
Saturday 9/11/21 Lake Water Sampling Results:

Harmful Algae Bloom Health Advisory still in effect.
Secchi Depths (water clarity): 3.5 to 4 feet (slight decreasing trend)

Lake Cascad® Lake Storage Level: 52% capacity (dropping)
Near Surface Water Tempefa[llfe‘ 631064 degrees P Uependlng on time of
Friends of Lake Gl
Cascade

SEPA
@FriendsofLakeCascade 7

Lake Cascade L09/11/21

HOME ABOUT > CITIZEN SCIENCE > PARTNERSHIP > EDUCATION > JOIN >

Home
As the team watches for the first blooms, the question always comes up about whether they can be forecast. The short answer is no, however, About Transparency (g
there is an interesting federal program that might allow us to detect increased cyanobacteria activity before actual blooms occur. The Pure Events
Waters HAB program is monitoring satellite products designed to detect cyanobacteria to see if there are satellite detections before our Photos
volunteers see blooms. So far this summer, there have been virtually no satellite detections of cyanobacteria in Seneca Lake, whereas there have pdecs
been in nearby Finger Lakes. Community Gyanobacteria colisim)
Posts

Cyanobacteria Assessment Network (CyAN)

CyAN is a multi-agency project among the Environmental Protection Agency (EPA), the National Aeronautics and Space Administration (NASA),
the National Oceanic and Atmospheric Administration (NOAA), and the United States Geological Survey (USGS) to develop an early warning
indicator system to detect algal blooms in U.S. freshwater systems.

CyAN puts the power of satellite data in the hands of
local lake associations

science for a changing world
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Algae

Source to Treatment

In Review:
Quantification
through Remote
Sensing

Impacts of CyAN

Toxic Cyanobacteria

in Water

A Guide to Their Public Health Consequences,
Monitoring and Management

edited by
Ingrid Chorus () World Health
Martin Welker ¥V Organization

Chapter 11
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Strategies for Preventing and Managing Harmful
Cyanobacterial Blooms (HCBs)

AVAILABLE NOW!

Monitoring
Section

CyAN demonstration of satellite data has been incorporated

into national and international recommendations
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s Problem
Environmenta | Protection

* The quality of source water is a significant parameter to consider in determining
drinking water treatment and for spill detection

Sensors

* Water sensors provide real-time data to capture short term source water quality
changes that compliment water treatment plant laboratory grab sample analyses

* Sensors can be used to provide real-time data on spills, allowing plant operators to
make decisions on water sources and informing communities

* Sensor and grab sample data provide information to make and adjust treatment
operations to provide safe drinking water to communities




mmen APpPlications of Water Sensor Measurements

* Upstream discharge surveys
* Upstream of intake — spill detection

* Intake or raw water — spill detection, algae, and water quality changes that
impact treatment

* Monitoring in plant treatment processes

* Finished water — disinfection byproducts, turbidity

* Distribution system - Online Water Quality Monitoring in
e Distribution Systems

* Case studies
* Ohio treatment plant Intake in an impoundment reservoir
* North Carolina treatment plant intake on a river
* New sensor techniques and data analysis methods



https://www.epa.gov/sites/default/files/2018-05/documents/owqm-ds_guidance_042018.pdf
https://www.epa.gov/sites/default/files/2018-05/documents/owqm-ds_guidance_042018.pdf

Problem:

- Drinking water (DW) intake structure,
located in southwestern Ohio, constructed
for flood control, recreation and DW

- Elevated levels of algae due to nutrients

Approach:

- Implement water sensors at DW intake, in
conjunction with a wider watershed
project




\f-‘,EPA Approach: Suite of Sensors deployed inside Ohio DW intake structure

Agency

-‘-1.
e Pictured are:

» Systea WIZ Nitrate, Nitrite, Phosphate

YSI EXO2 with CDT, ODO, chlorophyl,
phycocyanin, and NitraLED probes

* s::can
Sea-Bird SUNA V2 Nitrate/Nitrogen
Trios Nico Nitrate/Nitrogen

Deployment

* The WIZ draws from the chamber using
internal pumps

* The EXO2 and s::can are in a chamber
* The SUNA and Nico are using flow cells
* All use the same, 8 meter deep intake
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SEPA  Approach: Algae grab sample analysis and short-term
precipitation in Ohio site

e Handheld Turner
Designs- CyanoFluor
Handheld HAB Indicator

* NexSens Tipping bucket
rain gauge




Uses standard wet chemistry colorimetric techniques

Results in reliable data in appropriate data ranges
NO, as N range 0-250 ug/L
NO, as N range 0-50 mg/L
PO, as P range 2-2000 ug/L




SHL ... Results: Ohio Sensor Data Output

Agency

Sensors displaying relatively

stable parameters prior to :
spring turn over M\

Temperature (top left graph)
increased toward the end of
the week with a subsequent
rain event (bottom right)

Chlorophyll RFU
oDO 9.68 mg/L i

Impact

DW utility indicates that v S s i
this information is useful

in maintaining situational W
awareness of the influent R  wa m T ™ R

water quality




SEL NC Drinking Water Treatment Plant on river

Problem:
- Source water is the Cape Fear River

- Upstream bromide sources leading to brominated disinfection byproducts, elevated
algae levels, and industrial sources near plant intake

Approach:
- Implement sensors near the plant intake




" 1 Approach: Sensors at the NC DW Treatment Plant reservoir
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Data telemetry

il el ot

Rain gauge ana




SEPA Approach: Sensors deployed at NC reservoir
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Multiparameter sensor with built in GPS

River source water survey for evaluating

potential discharges |

Evaluating reservoir algae & dissolved oxygen
spatial concentrations and depth profiles

Algae fluorometer
for grab sample
analysis

- Chlorophyll

- Phycocyanin
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Sensors are
providing live
streaming data to
plant operators
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Approach: Sensors for NC finished water

spectro::lyser V3; UV-Vis detector (190-750 nm)

Turbidity (NTU or FTU) parameter
Total Organic Carbon (TOC & DOC) parameter

Single wavelength UV254 / UVT10 parameter S v vy i
Nitrate (NO5-N or NO;) parameter

_ Image from s::can
Chloramine parameter

Wavelength absorbance data recorded every 2.5 nm

Impact

Provides information for plant operators for understanding finished water quality and
for making treatment decisions




“EPA  Sensor Kayak Novel Sensor Deployment

Problem:
- Fugitive sources may be difficult to locate on moving rivers

Approach:
- Researchers have developed a towable array of sensors to identify sources

- An instrumented vessel is beinF outfitted with a spectro::lyzer V3 UV-Vis
detector, a Turner Systems Cyclops (submersible fluorescence/turbidity sensor)
and space for an Aquatroll multiparameter sonde (to be configured later).

- All sensors are commercially available off the shelf equipment
- Vessel will be towed by a manned boat

Results and Anticipated Impact:
- Sensors will be used to direct sampling for compliance and other uses




“EPA\ .. Computational Topology: A New Data Analysis Tool

Problem: Sensors generate a large amount of information, and tools are needed to
analyze and visualize the data

Approach:

* Computational topology is a method of looking at data using topographic analysis to
gain deeper insight into sensor data

* Visualize data as a sum of fast, short, medium, or long time series depending on the
window length; longer window lengths allow for quantifying trends and sensor issues
such as fouling

Result: Visualization and quantification of sensor signals associated with water quality
changes. Information that reveals hidden structure in the data useful for identifying
significant time periods and events such as spills

Impact: Provides sensor information that is useful for understanding water quality
BEZM changes and for DW treatment plant operations.



an-o  Baltimore River Example for use in a New Data Analysis
Te c h n i q u e Jones Falls Data Filtered with 10 hr Epanechikov kernel
4 ‘ —
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Precipitation Nitrate « ei ae -
lag the precipitation events

2222222222222222222222222222222222222222




“EPA\ __  Baltimore River Nitrogen Loading (conc * discharge)
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Computational Topology Plots of Unfiltered Nitrate Discharge
Peak Location Persistence Diagram
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SEPA Ohio Reservoir Nitrate

Agency
o Peak Location Persistence Diagram
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EPA Ohio Reservoir Phosphate
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Computational Topology Plots
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wx,... EXample DW treatment plant data collected in West
Virginia for spill detection — Conductivity
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Current Projects

aborations with West Virginia Department of Environmental

Protection, Pennsylvania Department of Environmental Protection,

dNC

7 drinking water treatment plants that collect water sensor

measurements for spill detection and monitoring water quality trends

* Partnering with DW plants in North Carolina and Ohio with a focus on

sen
disi

sors and data analysis methods for algae, nutrients, bromide, and
nfection byproducts

* Opportunity: Interested in developing additional partnerships




B Lessons Learned
* We learn much more from working with drinking water
professionals, than they do from us

 Communications with local drinking water professionals is
extremely important

* In plant measurements require consideration of space, water flow,
turbidity/cleaning, power requirements, communication (e.g., WiFi,
cellular) and safety

* Quality assurance and calibration issues need to be addressed at
the outset and throughout the deployment




SEPA Contacts

Environmental Protection
Agency

Gary Norris

EPA ORD Center for Environmental Measurement and Modeling
Norris.Gary@epa.gov

919-541-1519

Water Sensor Toolbox Feedback

Please let us know if we missed anything or got
something wrong, or if there is something else
you’d like to see in EPA’s Water Sensors Toolbox

Alan Lindquist
EPA ORD Center for Environmental Solutions and Emergency

Response

Lindquist.Alan@epa.gov Email questions and suggestions to:

513-569-7192 Autrey.Brad@epa.gov
Grimm.Ann@epa.gov

Blake Schaeffer (CyAN) Varughese.Eunice@epa.gov

EPA ORD Center for Environmental Measurement and Monitoring
Schaeffer.Blake@epa.gov
919-541-5571

Disclaimer: The views expressed in this presentation are those of the authors and do not necessarily represent the views or
policies of the US Environmental Protection Agency. Mention of trade names, products, or services does not convey and should
not be interpreted as conveying official EPA approval, endorsement or recommendation.
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