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DELIVERING HIGH RELIABILITY WATER QUALITY FORECASTS FOR THE
WATER INDUSTRY

COMBINE o
satellite data with proprietary data and N &,
hydro-ecological models AN A |
GENERATE i

operational forecasts of water quantity
and quallty chan@es such as turbidity
and algae blooms

INTEGRATE

forecasts into industry specific
downstream services



DELIVERING HIGH RELIABILITY WATER QUALITY FORECASTS FOR THE ’\
WATER INDUSTRY ( ,

Earth Observations.

Satellite imagery: Sentinel 2A/B and Landsat
7/8, PRISMA)

Attributes: Turbidity, chlorophyll-a, surface
water temperature,.

Data Assimilation.

Automatic real-time assimilation of EO
to improve forecasting skill, (Ensemble
Kalman Filter, 4dVAR, Weighted Average).

- = . oW
|

| Operational Forecast production.
PrimeWater service line integrates operationally
multiple scientific components & produces short term
forecasts (up to 10 days) of hydrological and
| ecological parameters of the reservoir,

Hydrological Modelling.
Attributes: River discharges in upstream
catchments, Diffuse loads (e.g. sediments,
nitrogen, phosphorus).

| |
A multi-model chain (f}/ T

for hydro-ecological
forecasting | Hydrodynamic Modelling.

Attributes: Velocity field and circulation
pattern of the reservoir.

...from Satellites Imagery to high
reliability water forecasts

Water Quality Modelling. | Machine Learning Models. |
Attributes: Algae growth, nutrients, sediments Machine Learning algorithms (random Forests, Gaussian Process
and dissolved oxygen. Regression, Quantile regression forests) are used for Water Quality

predictions, assessment of prediction uncertainty and systematic
errors correction in forecasting systems,

Data used: Satellite imagery, in situ monitoring data, meteorological
and hydrological forecasts

...for generating real time, short to medium range water quantity and quality forecasts for reservoirs.



DELIVERING HIGH RELIABILITY WATER QUALITY FORECASTS FOR THE
WATER INDUSTRY

Deterministic Probabilistic “PrimeWater Virtual Lab”

CREDIBILITY
Weather forecasts and the forecasting time dimension International, collaborative,
cross-cutting research

forecasts forecasts
Hydrological Global Continenta Local scale

forecasting del
oaels

Data-Driven Models /
7

Intelligent Services R
Val ue M (@) d 6| water quality (RF/GPR - Regression/
Classificatio

forecasting

From Science to Operational
Services for the Industry

WATER QUALITY
INTELLIGENCE SUITE

Earth-

observation- H - —

based water In-situ Multi-spectral yper-spectra
Satellite Sensors Satellite Sensors

quality
monitoring

USERS EXPECTATIONS

-User-Driven Service Co-Development
Co-design Co-creation Co-
evaluation
-Understanding behavioral patterns of
the water sector towards innovation



WATER QUALITY INTELLIGENCE SUITE

...in a glance

WQIS facilitates Water Industry to identify ~ °
Hydro-ecological Risks at an early stage and...

T i o
Key features X R —— T
E - — — - e
: Bring.integyeur@ecision-making - ¢
jmsfdata from any sensor, anytime, = <o
: anywhere —
. ’
: T — 5
: Filling.in Water Quality.information L
: gaps intime and space with=ss, g
: satellite-based measurements———. S
. _——
: AN
:_Get Hydro-ecological forecasts :
 Just ke wether forecasts. 1 . ...Pro-act instead ot Re-act

: Get advantage of the time lead
: with downstream services for

: preventive:management of WQ
: threats




WATER QUALITY INTELLIGENCE SUITE

End

ﬁ_:ﬂl'j users

web browser coeo"

Graphical User Interface

s elleb mapping Library @Rmﬁ
G b E *HTML °Javaicr‘ip't *CSS Front-End
Back-End

£ ECMWF Medium-Range Weather Forecasts WEB SERVER

meteoblue Meteoblue weather forecasting
weather & dosetoyou  gapyice .

@rﬂ EOMAP’s Modular Inversion
P & Processing System (MIP)
_ External Meteorological Services [ API Layer ]
) 0 —
0 Web Mapping

@ CSIRO's EO processing workflow
SMHI's Hydrological
e SMHI 0 oo Web Framework
Service

Simulation System (HYSS)

v g Applications

1
S\
*Earth Observations 3 @ GeoServer
ﬁijﬂ *Hydrological Forecasting m

NASA’'s EO processing workflow

Earth Observations HydrologlcaI-Forecastlng
Services

API Layer

Automated

*Water Quality Forecasting e
*WGS
*WFS

Scientific workflows . !
E{j ENAS in-situ systems RIJ Services H *Early Warning System
*Water Blending Tool

E?M%"IS EMVIS Water

| {3 APllayer )
s Automation Shell (wASH)

Operationalizing the science
% CSIRO in-situ systems
Water Quality Forecasting Storage l_ayer -
Services [T
_-_

()
w..E,A . USEPA in-situ systems

ﬁ Melbourne MW in-situ systems
Water

In-situ monitoring Systems
Database Server File system
PostgreSQL & PostGIS —
|

Data Curation PestGIS| [0 =

*|dentification of inaccurate records
*Handling of duplicates and missing values
*Automated data cleaning processes




’( , WATER QUALITY INTELLIGENCE SUITE
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Infiltration

Watershed Digital Twin

From Science to Operational Services
for the Industry

Data Assimilation
-Improve forecasting skill.

Machine Learning Models.
-Water Quality predictions,
-Assessment of prediction uncertainty
-Systematic errors correction in
forecasting systems,

a, hutrients, sediments

treatment plants, aquaculture, energy
' and dissolved oxygen

o - - - - """ —"—7—= e
/ N /
D
II E;Yn;g;?r:g 2ps|?[le||<r:na:|ons \I [ In-lake hydrodynamics ~ River flow forecasting Hydrologic forecasting ~ Weather forecasts
| y o Y | | Forecasts of the water Forecasts of water depth  Forecasts of river Forecasts of wind,
| Proactive in-lake management of I | temperature, lake mixing and velocity discharges, water rainfull and other
I water-related hazards (eg. algal ' and circulation patterns temperature, sediment atmospheric
' blooms) | | ) | .
| Dtooms I : In-lake water quality and nutrient loads into variables
: Optimization of water operations (e.g. : | Forecasts of chlorophyll- downstream lakes
| | |
/

N \production)



WATER QUALITY INTELLIGENCE SUITE

Hindsight

Bring into your decision-
making data from any
sensor, anytime,
anywhere

Filling in Water Quality
information gaps in
time and space with
satellite-based
measurements

Insight

Get Hydro-ecological
forecasts just like
weather forecasts

Foresight

Get advantage of the
time lead with
downstream services for
preventive management
of WQ threats



WATER QUALITY INTELLIGENCE SUITE

Connect

Capitalize on intersections of data

= EOs

Services

— Forecasting Systems — Data Repositories

Bridging the data
silos

Connect your proprietary data with
near real-time, satellite-based water
quality data and other remote
sensing data and simplify
environmental reporting and hydro-

ecological hazards risk assessment.

EO processing

Workflows for

water quality
products

Meteorological

forecasting
services

Hydrological

Hydrodynamic

forecasting

services at
catchment
level

quality

and water

forecasting at
reservoir level

External

repositories and
data stores

EOMAP’s Modular
Inversion & Processing
System (MIP)

conuan

NASA’'s EO
processing workflow

e

CSIRO's EO
processing workflow

Medium-Range
Weather Forecasts

* Deterministic weather
forecasts

* Probabilistic
ensemble forecasts

SSECMWF

Meteoblue global
weather
forecasting services
GFS, GFS ensemble,
NEMS, meteoblue

meteoblue’

weather = close to you

SMHI's Hydrological EMVIS Water Laboratory analyses Copernicus C3S climate
Simulation System Automation Shell and monitoring data store
(HYSS) (WASH) campaigns
* Short-term forecasts * Process based Floating buoys and ‘ 1 AT ervice
(10days) hydrodynamic and Sensors
s Seasonal forecasts (6 WQ forecasts
weeks) * Data-driven WQ @Eé
m“l forecasts :

1

API Layer

Storage Layer

Application Layer

§

Back-End

é

Water
Information
System

[y

Dynamic Multi-
reservoir Water
Blending

o

Water Treatment
Plant
Optimization

Front-End



WATER QUALITY INTELLIGENCE SUITE

Exploit the opportunities of satellite imagery

Monitor Water Quality Data from Space

Earth Observatior x @
Satellite e
Parameter b o
Date

11 Dec. 2021 o]
= o ‘

Earth Observations Graph \
Earth Observations Graph »

Making intelligent 29 e
decisions

Filling in Water Quality
information gaps in time and
space and increase your
efficiency, save costs and lower
operations risks

Sentinel-2A/B and Landsat 8 imagery
processed by EOMAP Modular Inversion
and Processing System (MIP)




Delivering operational medium range
hydrological forecasts

WATER QUALITY INTELLIGENCE SUITE ’( ,

@ Hydrological Forecasts as a Service

@ PrimeWater
Hydrology X o Forecasted Quantities for 9000549
Histori 2 - statistics
. b 1 m ber a

Model © e

E-HYPE (Probabilistic)

Catchment O
9000549

Transform weather

forecasts into river
flows in your
watershed

Forecast river discharges, water
temperature, sediment and nutrient
loads for up to 10d ahead.

.x
. ‘.
B o ..." e i ‘e -o-.-‘-o-...._._._._._._.hh./:.

11-Sep

nStrestMap contributors, and the GIS User Community

Hydrological forecasts provided by SMHI
HYPE Model



Predict

Get Hydro-ecological
forecasts just like
weather forecasts

Forecast key attributes for water quality
in lakes and reservoirs to promote
safety and drive efficiency. Identify risks
SO you can mitigate exposure to water
related hazards at an early stage.

WATER QUALITY INTELLIGENCE SUITE

Delivering high reliability water quality forecasts
for the water industry

Water Quality Forecasts as a Service

@ PrimeWater

Forecasting

Process-Based Water Quality
|
|
\

uuuuuuu > } 2 S : . . Water

ML Water Q ual |ty Predictive — i abstraction area
Models . :

Process-Based hydrodynamic and WQ
forecasts & Data — Driven WQ forecasts
are provided by EMVIS Water Automation

Shell (WASH)




Repurposing forecasts into specific, tailor-made
industry services

@ HAB Aware Dynamic Multl-!‘eservow Wa?er
Blending as a Service

WATER QUALITY INTELLIGENCE SUITE ’\ {‘,

Area of Interest

Proactive Management
of HAB impacts

Get advantage of the time lead in
predicting the response of highly complex

and dynamic systems .
Forecast-based Water Treatment In-lake preventive management
Plants Performance optimization of hydro-ecological threats
WTP inlet Fre-orkation outie Turbidity vs Cost of Chemicals Aeration Chemical assisted
e u ' algae control
SESSRSS o Mixing/ Biologically Derived
Flocculation outlet Filtration outlet Daily Coagulant Dose De_ Strat|ﬁcat|on Con trol
LRSS . LLI'I'I'I'I'I'L UV Lighting Algae
Control




IDENTIFY YOUR NEEDS IN OUR SHOW CASES

WQIS is deployed in freshwater and coastal waters across Europe,
United States and Australia

@ CSIRO

Lake Hume - Australia

Area: 200 km?

Depth: 40 m

Catchment: 15300 km?2

* Used for flood mitigation, hydro-power,
irrigation, water supply
Hydrodynamic modelling and early warning

&

Advanced services (& useea
Harsha Lake - Ohio

for the Water Sector Aroa: 10 las?

. e Depth: 35 m .
Demonstrating the capabilities of Catchment: 2600 km? system based on remote sensing from
; d dri licati +  Used for drinking water, recreation Area: 1.6 km? previous project
cross-cuttlng, ata-driven app Ications - Extensively monitored Depth: 30 m
Volume: 27 hm?3 4 ,
Mulargia Reservoir - Italy Used for potable water, agriculture . e
Area: 12 km? < Melbourne
Depth: 90 m Aposelemis WTP X Water MwW
Catchment: 178 km?2 Capacity: 110.600 m3/d Melb Water West
: . + Used for potable water, industry, agriculture  * Provides drinking water to Heraklion, elbourne Water Western
DISCOVGI' our Op eratlonal Sh ow . Series of interconnected reservoirs Hersonissos and Agios Nikolaos Treatment Plant
Cases at: + In-situ monitoring stations and sampling Lagoon-based WWTP
campaings « SYCHEM * Provides Class A and Class C water
https://www.primewater.eu/operatio RO Dosalination Plant * Lagoon depth ranges from 3 to 5m
ABBANOA..... Abb esalination Flan
nal-platform/ anoa Capacity: 7.000 m3/day
Simbirizzi WTP, Cagliari - Italy Provides potable and demineralized

Max flow: 1.5 m3/s water for MOTOR OIL HELLAS —

Served pop.: 320.000 PE Corinth Refineries.
Capacity: 155.000 m3/d

Provides drinking water for the town of Cagliari

and metropolitan area, and 20 villages in the

greater area


https://www.primewater.eu/operational-platform/
https://www.primewater.eu/operational-platform/

Y PrimeWater

Thank you for attending!
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