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Four Main Technology Innovations

* [nstrument Revolution in Chemistry

e Data Recorders, Telemetry, and Communication
Systems

 Data Processing Software and Water Information
Systems

e Data Dissemination on the Internet

Any use of trade, firm, or product names is for descriptive purposes only
=2 |JSGS 2and does not imply endorsement by the U.S. Government or by the
publisher.



Definitions of a Few Common Terms

* Continuous water-quality (CWQ) monitoring. High-frequency water-
guality monitoring with sensors at the sub-daily scale over a period of
months to years.

* Near Real Time (RT) data. Near RT refers to data transmitted at a slightly
slower rate relative to that of data collection.

 Real Time (RT) data. RT data are transmitted at the same rate relative to
that of data collection.

 Water-quality monitor (WQM). A monitoring platform collecting
continuous water-quality data.
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Why Monitor Water Quality at Sub-Daily
Frequencies?

To address issues of immediate concern

* In aquaculture, drinking water, and wastewater
treatment

 To improve understanding of short- and long-term
processes

* For spill detection, monitoring, and response

Better understand fate of water contaminants
Technavio, 2017
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Before 1950 almost all Water-Quality
Analyses were made in Laboratories

pH Meter Wheatstone Bridge

Wet Chemistry Methods, 1800-1930
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Daily Sampling Evolved to Continuous Monitoring
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Laboratory Instruments were the Basis for
the First Portable Field Meters

A. DR Colorimeter for Nutrients

B. Field Fluorometer (Dyes, FChl,
FDOM)

C. Turbidity Meter

D. Dissolved Oxygen with Water
Temperature Thermistor, ORP
Sensors

E. lon Selective Electrodes



Multi-Parameter Sondes, Acoustic Sediment ADVMs, and Chemical
Analyzers Represent Major Innovations in CWQ monitoring

Opticalie Automated
‘V Submersible
. Wet

Submersible More Sensors for Chemical

4-parameter ADVM f_or Sondes TU, FCHL, Nutrient

sonde Acoustic Optical DO, UV- Analyzer

E Backscatter Y Nitrate (2000-06)
N 0 N N
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Wet-Chemical Sensors, Optical Nitrate Sensors,
and Multi-Parameter Sondes are Some of the
Newer Reliable Sensor Systems

A. Wet-Chemical B. Optical Nitrate Sensor  C. Multiparameter Sonde
Phosphate Sensor

&< USGS
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Innovations in Sensors have led to Longer Intervals between
Service Visits and to Deployments in Remote Locations

Anti-Fouling Mechanisms
* Wipers and brushes
* Pressure pulses

* Antimicrobial components like copper and
tributyl tin

* Limited contact time during immersion

Submersible Sensors

Longer Battery Life

Shoda et al., 2015

Solar Power to Recharge Batteries
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Standardized Methods
elines are a Key to Reliable

SPECIFIC CONDUCTANCE, IN MICROSIEMENS PER CENTIMETER AT 25 DEGREES CELSIUS

Site visit

Spacific conductance

Spacific conductance

Site visit
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Guidelines and Procedures for Water-Quality Monitors

Smoot and Blakey, 1966

Gordon and

Systems for
Monitoring and
Digitally Recording
Water-Quality
Parameters

Katzenbach, 1983
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GUIDELINES FOR
USE OF WATER
QUALITY
MONITORS

Wagner and others, 2006 Government of

ZUSGS Newfoundland
and Labrador, 2013

Guidelines and Standard Procedures for Continuous
Water-Quality Monitors: Station Operation,
Record Computation, and Data Reporting

Protocols Manual for
Real-Time Water Quality
Monitoring in NL

Techniques and Methods 1-D3

Newfoundland
yrador

e Labrax




Guidelines and Procedures Cont’d.

Pellerin et al., 2013 Wilde et al., variously dated

Techniques of Water-Resources Investigations
Optical Techniques for the Determination of Nitrate in

Environmental Waters: Guidelines for Instrument Selection, Book 9

Operation, Deployment, Maintenance, Quality Assurance, Handbooks for Water-Resources Investigations
and Data Reporting

Chapter 5 of

o
Section D, Water Quality
Book 1, Collection of Water Data by Direct Measurement
s - v

National Field Manual
for the Collection of
Water-Quality Data

U.S. Department of the Interior

U.S. Geological Survey

Techniques and Methods 1-D5

Compiled 2010

U.S. Department of the Interior
US. Geological Sarvey







First Water-Quality Monitor- the Delaware
River Estuary, 1955-62

Image from USGS

Smoot and Blakey, 1966
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Stationary Platforms — Pu
Submersible Systems

Satellite telemetry

Data logger

Flow=through tank or
flow=through pipe

Gage house —




Type of Sentinel Stream
itor without Shelter in Indiana

USG5 83353288 EAGLE CREEK AT ZIONSVILLE, IN
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Storm Hardened Platforms in Mississippi Sound
Track Recovery and Restoration of Coastal Habitats
after 2005 Hurricane Season

=~ USGS Mississippi Sound at GquPort Light (301912088583300)
Rebich, 2015



Monitoring Buoys in the San Francisco Bay-Delta are
helping to track and understand the impacts of nutrient
enrichment on water quality and aquatic life

&< USGS

Kraus et al., 2017; Photos by Bryan Downing, USGS



Mobile Platforms - Autonomous Underwater Vehicles and Pontoon
Boats for Integrated Synoptic Surveys

L 160.8 centimeters (63.6 inches) |

I
Propeller : . Uplooking beam
o _~Global positioning system (GPS) Compass
R and wireless antenna Water-quality sensors

Y f ‘ R
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~ 14.7 centimeters
(5.8 inches)

Pressure sensor

\DVUaItimeter

Side-scan sonar \Ballast weights

AN

Independent fins

Propeller Driven Autonomous Underwater Vehicle

a2 USGS Jackson, 2013



Integrated Synoptic Survey in Lake Erie near Cleveland, Oh. Supports
Near RT Forecasts of Beach Water Quality

September 11, 2012
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Autonomous Vehicles Track and Help Forecast
Harmful Algal Blooms in Coastal Waters

%USGS Autonomous Pontoon Boat Autonomous Glider AUV
Bendis, Florida Fish and Wildlife Cons. Glasgow et al., 2004
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45-year History of Innovations in Software and
Hardware for Time-Series Data at the USGS

Centralized
Installation of ADAPS Software on Data Pr.ocessmg
‘ 45 Distributed NWIS systems with
IBM Mainframes l | Cloud Storage
E— NWIS-I NWIS-Il | AQUARIUS
aveviie ADAPS ADAPS TS

1970 | Jiom0 | 10 | oo | Joow0 |

-
<USGS USGS, 1998, 2002; Bartholoma et al, 2003; Aquatic Informatics, 2017



Software Programs or Systems are used by
almost all (97%) of water monitoring
organizations to manage large amounts of time
series data

* Commercial Spreadsheet Programs, 35%
e Custom or Home-Grown Solutions, 34%
e Commercial Systems, 28%

Aquatic Informatics, 2015
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From “on Paper” to “on Demand”

https://wdr.water.usgs.gov/

Reports on Demand
e 2014 onward

COUNTY NAD27 0.00 CONTRIBUTING
DRAINAGE AREA 2500 [

Annual-Summary Table
‘WATER YE

Water Resources Data
Kentucky °
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Hirsch and Fisher, 2014



CWQ Data Displayed 24/7/365 in Near RT

October 24, 2018 21:30ET

Explanation
v v Vv \V4 v v v v’
<] 1-4.% 5-99 10199 20-299 30.35 »3% |No Data

https://waterwatch.usgs.gov/wqwatch/



Data is Accessed and Retri
from the Internet is Evolving

ata by Search Engine or Web Site Retrieval of Data by Device
B

desktop 7,652,875

A google
(direct)
waterdata.usgs.gov

bing

yahoo

usgs.gov mobile 4,751,764

L]
com.google.android. =

I

I

[

0

googlequicksearchbox
waterwatch.usgs.gov

water.usgs.gov tablet 1,720,330

maps.waterdata.usgs.gov

1,000,000 2,000,000 3,000,000 4,000,000
Sessions Sessions

USGS Data Analytics from NWIS Web 2018
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Advantages and Limitations of CWQ Monitoring

Advantages Limitations

Changes in water quality at the sub-
daily scale are detected by continuous
water-quality data

Large data sets require software
system(s) for review, quality control,
storage, and retrieval

WQMs can be deployed in a wide range
of aquatic environments

Risk of damage or loss during
hurricanes, floods, ice, and vandalism

Can inform decisions for protection of
life, property, health, and operational
decision making

Meeting data user expectations for
uninterrupted flows of reliable and
timely data are challenges

WQMs can provide high-resolution data
with high precision and low bias

Field servicing needed to address
biofouling, interferences, malfunctions,
calibration drift

S



dvantages and Limitations, Con

Advantages

Timely data for science-based
decision support

Limitations

More standardized methods are
needed for regulatory decision
making

Low cost on a per measurement
basis

Substantial costs for initial set-up and
ongoing maintenance

New types of CWQ, sensors are
continually being developed

Fewer types of measurements
available compared to laboratory
methods







New Sensors are Increasing the Types of Water
Properties and Characteristics that can be Reliably
Measured at High Temporal Frequency

e Seven-parameter sondes, smart sensors, new optical
sensors, and automated chemical analyzers are
becoming well established technologies

e WQMs need guidelines for operation and quality
control procedures to ensure data quality

2 USGS



WQMs are Used in a Wide Range of Water
Environments

e WAQMs are deployed in stationary or mobile platforms or in
integrated observatories

e Miniaturization, new anti-fouling mechanisms, extended
battery life, submersible sensors, and solar power cells have
allowed for remote deployments of WQMs in the smallest
streams to the deep ocean

 Autonomous operation of WQMs has increased from a few
days to as much as several months or longer thereby
= USGS reducing the cost of WQM operation



Software and Hardware Innovations have Enhanced CWQ
Monitoring Possibly More than Other Factors

« Data loggers have advanced from strip chart recorders to
electronic digital storage devices with satellite or cellular
telemetry

* Data transmission and communication systems have advanced
from teletype, wire radio, and land lines to satellite telemetry,
cellular, and Wi-Fi networks

* Due to advances in communication systems, WQMs can be

linked together to form sensor networks
a USGS



Data Processing Software and Water Information
Systems are Essential for Data Use and Reuse

* A process to review data quality, reliability, and completeness
in a timely manner is essential for ensuring high-quality data

* Most organizations are using commercial spreadsheets, home-
grown or consultant developed software, or commercial
systems for data management

* Innovations over time in water information systems have been
important for storage, retrieval, and reuse of data

2 USGS



Data Availability on the Internet is Resulting in Improved
Scientific Understanding of Changes at the Sub-Daily Scale
Leading to Better Informed Decision Making

* The timeliness of data delivery has improved from annual to
near RT and RT

 Web applications provide options for:
 Data retrieval by laptop, tablet, or smart phone
e Geospatial customization of data retrievals

e Data services for flexible retrieval formats and efficient

data analysis
a USGS



The number of WQMs has been steadily increasing

This trend is expected to continue into the 2020s

(Aquatic Informatics, 2015; Technavio, 2017; USGS, variously dated)
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Presentation based on book chapter

Innovations in Monitoring with Water
Quality Sensors: Applications for Floods,
Hurricanes and Harmful Algal Blooms

In: Evaluating Water Quality to Prevent
Future Disasters

2 USGS
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