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The Challenge

We are a water utility = a lot of what we do involves pumping water

« How much electricity do we use to pump water?
« How much is this electricity costing us?
« How can we get good/timely data about how we use electricity?

« Waiting until we get power bills at the end of each month is not that helpful

 The gold standard is to create an automated reporting tool to give us:
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kKWh per m3 produced
$ of electricity per m3 produced

Ability to compare one facility to another
Ablility to compare one operating strategy vs. another

Timely information for the operations team
Long term reporting to measure performance over time
Something that looks nice
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Prior Work

Smart Water Initiative (2013)

« Grant money was used to install building digital power meters at all water facilities
« Custom daily power reports created by an system integrator

* Reports stopped working in mid-2015 due to programming/data-feed issues

Hydro Bill Analysis Company, online services (available since 2015)

» Service the city uses to analyze power bills

* Web-based tool for downloading and analyzing power bills

« Data is only available at the end of each month, monthly power totals only

Online Power Reports 2.0 (2016-2017)

« SCADA Group was asked to work with system integrator to fix online power reports

« After a year of work by the integrator, the power reports were working again

* Reports only provide daily totals (cost, kWh, m3 pumped), data available “next day”

But could we do better?
Better granularity, more timely data, better reports, ability to self-edit....

New SCADA Dashboards for Power & DMAs
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Skunkworks

A Skunkworks project is

a project developed by a small and
loosely structured group of people
who research and develop a project
primarily for the sake of radical
Innovation.

The term originated with Lockheed's
World War Il Skunk Works project.

Let’s see if we can use Open Source software to build something better!

New SCADA Dashboards for Power & DMAs
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Skunkworks SCADA Team

Goal: Make a better power reporting tool
Kick-off: Met at May 2017 OWWA conference

Graham Nasby
« Water SCADA & Security Specialist

Jason Little
 Open Source Software Developer
 Day job is a SCADA specialist at a nearby utility

Noah Clark
« SCADA co-op student (Jan-Apr 2018)
 Had a previous co-op at an energy management firm

Travis Murray
« SCADA Specialist (Nov'18-Jun'19)

New SCADA Dashboards for Power & DMAs



This 1s what we built

Burkes Well - Total Wat_.

4518 m?

Dean Well - Total Water ...

1427 m?

Downey Well - Total Wa_

4313 m?

Emma Well - Total Wate_.

2619 m*

Helmar Well - Total Wat._.

817 m?

/ Power Overview -

Burkes §/m3 produced

-0.07 $/m3

Dean §/m3 produced

-0.06 $/m3

Downey $/m3 produced

-0.07 $/m3

Emma §/m3 produced

gu 008 $/m3

Helmar St $/m3 produced

Po.14sim3 ]

Park Well - Total Water _

596 m?

Queensdale Well - Total...

836 m*

Water St Well - Total Wa_.

622 m?

Calico Well - Total Wate...

om?

Membro Well - Total Wa...
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Park Wells §/m3 produced

-0.09 $/m3

Queensdale §/m3 produced

Po.13 sim3

Water St Well $/m3 produced

-0.06 $/m3

Calico §/m3 produced

Infinity.00 $inh3

Membro §/m3 produced

Infinity.00 $/m3

Arkell 6 Well - Total Wat..

659 m?

Arkell 8 Well - Total Wat...

om?

Burkes - Electricity §
$311
Dean - Electricity
$85
Downey - Electricity §
$306
Emma - Electricity $
$222
Helmar - Electricity §

Paiskey Well - Total Wat.. $117

Arkell 1 Well - Total War._.

Arkell 7 Well - Total Wat...

7731 m?

Park - Electricity §
$52
Queensdale - Electricity §
$109
WaterSt - Electricity §
$39
Calico - Electricity $
$0.9
Membro - Electricity §

$38

Waoods+Arkell Electricity

0.00019 m?

$2.11K

wr Y B B

Arkell 14 Well - Total W_ Carter Wells - Total Pro_

2947 m? EX

Arkell 15 Well - Total W... Glen Collector - Total Pr_.

0m* 15492.57 m*

Clair Booster §/m3 pumped

D—O.OS $/m3

Robertson Booster §/m3 pumped

0.01 $/m3
-

Clair Booster - Electricity §
$58
Robertson Booster - Electricity §

$42

Refresh every 30s

Woods + Arkell - §/m3 produced

! $0.02

FY1- Billed Water Rate - $/m3
$ 1.72

FY1- Billed Basic Charge - S/day

s 0.26

Clythe Booster §/m3 pumped

-0.07 $/im3

Paisley Booster $/m3 pumped

0.00 $/m3

1
h

Clythe - Electricity §
$249

Paisley Baoster - Electricity §

$4

-




How it works

RN

NEPTUNE
CLUSTER

Digital Power Monitors

Polls Data Every RaspberryPi

Second

Single Board Computer < $35
(Neptune Cluster software)

Logs data every 5min
Logs changes on 1 sec intervals

Pump Motor Stargr; Guelph
NS
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Web-based
Dashboard
& Reporting

i Grafana

CASSANDRA
Distributed
Open

A \
Source ,
Database
(no licensing fees) \ /

STO RAG E DB

TRIDENT

EEE HISTORIZER
Pushes to Pushes to
Historizer Time Series
Server Database
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Power Calculations

 Measuring Electricity Usage is EASY...
« Calculating Power Costs is HARD!
 Ontario has one of the most complicated electricity pricing schemes in the world

« Connection Charges
 Transmission Charges

« Distribution Charges
 Energy Usage

 Peak Charges

« Ontario Hourly Energy Prices
 Time of Day Adjustments

» Global Adjustment

» Global Adjustment Estimates
 End of the Month Balancing
- Etc.

New SCADA Dashboards for Power & DMAs



Power Calculations

[ Hydro One — General Service -Energy ] [ Hydro One — General Service -Demand

J

s s

Hydro Cost Hydro Cost

Energy Cost Today Energy Cost Today

Accumulating kWh

Accumulating kWh

First Rate (<750kwWh)
*Remaining Rate (=750kWh)
-Debt Retirement Charge
=Service Charge

-Distribution Wolumetric Rate
=Transmission Network Charge
=Transmission Connection Charge
~Loss Factor

-Wholesale Market Rate

-Rural Rate Assistance

-55 Admin Charge

>>Debt Retirement Charge
=wWhelesale Market Rate
>>Rural Rate Assistance

==5ervice Charge
=»55 Admin Charge
=*Loss Factor

Instantaneous Power

I:»:\-Distril:ut'oﬂ Volumetric Rate
=»>Transmission Connection Charge
»>Transmission Connection Charge
»=Transformer Allowance

f MM NI RIS

N y

[ Guelph Hydro — Time of Use ] [ Guelph Hydro — General Service

Hydro Cost Hydro Cost

-~
M Energy Cost Today

Energy Cost Today

Accumulating kWh

Accumulating kwh

>0n Peak Rate ==Debt Retirement Charge

=0Off Peak Rate »>Wholesale Market Rate

>Mid Peak Rate =»GA Rate Rider

>Distribution Volumetric Rate ==»Service Charge

>Transmission Metwork Charge ==55 Admin Charge ]

>Transmission Connection Charge »>Loss Factor ]

>Debt Retirement Charge 1§ y,
Loss Factor

>Wholesale Market Rate r Power Cost Today

Instantaneous Power
I
>>Distribution Volumetric Rate

>>Transmission Connection Charge
>>Transmission Connection Charge
==Transformer Allowance

>Rural Rate Assistance
>monthly Service Charge
>55 Admin Charge

=0EP Charge

Loss Factor Rate

£ MMM MMM
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Makin

Hydro One

<20kW

>50kW

General Service -
Enerqgy (aka Two Tiered)

General Service — Demand

Arkell 08

Arkell DG

Arkell 14

Arkell 07

Arkell 15

Guelph Hydro

<d0kKW

>50kW

Time of Use

General Service

Calico

Burke Well

Carter

Clythe Creek

Clair Booster

Downey

Diean

Emma

Helmar

hembro

Cueensdale

Paisley

Fobertson

Fark

Univensty

Water Street

Woods

10



Hieso
Power Ca |CS B

IESO Website

Web-based
Dashboard
& Reporting

Live Feed of i Grafana
Hourly
Global Adjustment

Hourly Energy Prices ‘

.& CASSANDRA
Distributed

NN

Plant PLC’s %EBE‘#EIRE

(Flow Data)

Open ) \

Source

Database \ /

Calculates Live STORAGE DB
Energy Costs

every 5 mins

Digital Power Monitors

RaspberryPi

Polls Data Every
Second

TRIDENT

BROKER HISTORIZER

Single Board Computer < $35

(Neptune Cluster software) Pushes to Pushes to
Logs data every 5min Historizer Time Series
Logs changes on 1 sec intervals Server Database
Pump Motor Stargr; GueI h
/\\_I?/ 11
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Collecting the Data

74 Grafana - DMA Overview X | ol Grafana - Report - Monthly Pows X ‘ e 172.16.1.122:8080 X g Node-RED Dashboard % [@ Trident Historizer: 172.16.1.120 % ‘ + - X

& C Y @ Notsecure | 172.16.1.122:1880/ui/#/0 x 0

= Neptune Cluster Dashboard

Triton Edge Messengers Titan Brokers Trident Historizers Clustered Storage Nodes
Site  State  Buffer Poll RBE CPU P Uptime  Broker 1: ONLINE  Historizer T: ONLINE  Node T: ONLINE
706 ONLINE 0 523 063 17216.6529 507.89

AOT  ONLINE 0 36 8 0.79 172166539 503.22 response 0.382 ms Tag Count: 6617 response 1.03 ms
A03  ONLINE 0 55 13 089 17216.6549 385.23

A14  ONLINE 0 53 10 066 17216.65.19 41.38 Tag Rate

A15  ONLINE 0 55 2 062 17216659 507.87

ADV  ONLINE 0 7 1 020 17216.6559 507.88

BKS ONLUNEO 40 3 088 172167249 14831

CAB ONLUNEO 49 12 063 172162849 51082 .‘ 131

CBS  ONLINE 0 58 7 074 172167349 349.00 0 Emm 1000

CCB  ONLINE 51 6 072 172165149 11616

CIT ONLUNEO 5 0 022 172167346 3063 Tag Rate History

CWS  ONLINE 0 52 6 057  17216.5349 9934 1?28

DEB  ONLINE 0 50 2 061  17216.2249 70.16 500

DOB ONUNE O 56 13 072 172167149 21007 B AAAALLAAALMAAAAMAL LA

EWS  ONLINE 0 52 1 064 172164349 5623 1514 1544 16:14 1644 1714 1744 18:14

HEB  ONLINE 60 5 087 172164549 350.18

MEB  ONLINE 0 53 13 069 17216.2349 507.74 Insert Rate

PAB  ONLINE 547 061 172164449 127.15

PRE  ONLINE 0 51 2 053  17216.2649 15.17

QUB ONLNEO 49 4 053  17216.2549 51079

ROB  ONLINE 0 52 11 065 172164149 3630 B 15

SCS ONLINE 2 0 009 172165249 507.91 O memss 2D

SPT  ONLINE 0 5 0 024 172162749 41.27

UNB ONLNEO 57 3 072 172162449 1318 Insert Rate History

VET  ONLINE 0 4 0 014 172164249 52.86 ggg

WDB  ONLINE 131 033 17216179 16696 100

WWS  ONLINE 52 2 063 172162149 237.14 58 MMMMMM

1514 1544 16:14 16:44 1714 1744 1814

.
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Pulling Data from Digital Power Monitors

Grafana - Report - Monthly Pow: X | 6 1

22:8080 X | *Q Node-RED Dashboard % | [B) Trident Historizer:17216.1.120 X @ Triton Edge Messenger: 1

Q PM3000 SLC Read Logix Read Out info debug dashboar
v subflows ~ Information
F15_L1Current Analytics
. Flow
Analytics T — F15_L2Current Analytics Name
/home/pifab_pm3000. -
~ input pi/ab_p 4 F15_L3Current Analytics Status Enabled
- F15_AvgCurrent Analytics - Flow Description
inject
F15 L1-NVoltage Analytics
catch
F15 L2-NVoltage Analytics
status F15 L3-NVoltage Analytics
- delay 10s
link F15_AvgL-NVoitage Analytics
matt F15_L1-L2Voltage Analytics
hitp F15_L2-L3Vollage Analytics
Fi15_L3-L1Voltage Analytics
websocket -
F15 AvglL-LVoltage Analytics
tcp
F15 Frequency Analytics
udp
F16_L4Current Analytics
W EEED F16_PositiveSequenceCurrent Analytics
(HEEE F16_NegativeSequenceCurrent Analytics
pece F16_%CurrentUnbalance Analytics
o F16_PositiveSequenceVoltage Analytics
= F16_NegativeSequence Voltage Analytics
seral
F16 %VoltageUnbaiance Analytics
v output F16_PhaseRotation Analytics
debug F16_Averagefrequency Analytics
Jink F17_L1RealPower Analytics
F17 L2RealPower Analvtics M
mgtt - b
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Pulling Data from Water Supply Site PLCs

122:8080 X | 2 Node-RED Dashboard X | [B Trident Historizer: 172.16.1.120 X @ Triton Edge Messenger: 172.16.0 X +
T 8

G JA Overview X | 73 Grafana - Report - Monthly Pow: X | €3

72.16.22.49:

@

B Triton Edge M )
SLC Read Logix Read Out info debug dashboarn

~ Information

v subflows
Flow
Name SLC Read

Analytics
Status Enabled

v input
json split -
~ Flow Description

inject timestamp * /homei/pifab_slc.py
catch
PLG1/Weli1_FlowRate Analytics

status
delay 10s
PLC1/POE_FlowRate Analytics

link
matt
PLC1/POE_Pressure Analytics
hitp
PLG1/POE_ChlorineResidual Analytics

websocket
tcp
PLC1/Reservoiri_Level Analytics
udp
Watson loT
mosca
pece

s7

serial
~ output

debug
link

mqtt -
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Buffering Datain t

73 Grafana - DMA Overview X | 7% Grafana - Report - Monthly Pows X | @@ 172.16.1.122:8080

& C Y @ Notsecure | 172.16.22.49:1880/ui/#/0

Current Tag Values
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x ode- ashboart
»2 Node-RED Dashboard

he Raspberry Pi’s

X ‘ Trident Historizer: 172.16.1.120 X > Node-RED Dashboard

Tag Filter m
auto refresh . Tag Filter Results Count: 67
Tag Value Age
- (s)
PLC1/Booster1_Running 1.00 3
PLC1/POE_ChlorineResidual 0.82 3
PLC1/POE_FlowDayTotal 1,083.04 3
PLC1/POE_FlowRate 16.64 3
PLC1/POE_FlowYesterdayTotal 1,418.97 3
PLC1/POE_Pressure 505.83 3
PLC1/Reservoirl_Level 177 3
PLC1/Well1_FlowDayTotal 1,092.94 3
PLC1/Well1_FlowRate 19.06 3
PLC1/Well1_FlowYesterdayTotal 1,395.55 3
PLC1/Well1_Running 1.00 3
PM3000/F15_AvgCurrent 38.78 1
PM3000/F15_AvgL-LVoltage 584.20 1
PM3000/F15_AvgL-NVoltage 0.00 1
PM3000/F15_Frequency 59.96 1
PM3000/F15_L1-L2Voltage 58542 1
PM3000/F15_L1-NVoltage 0.00 1
PM3000/F15_L1Current 33.84 1
PM3000/F15_L2-13Voltage 584.32 1
PM3000/F15_L2-NVoltage 0.00 1
PM3000/F15_L2Current 40.06 1
PM3000/F15_L3-L1Voltage 582.87 1
0.00 1

PM3000/F15_L3-NVoltage

AN SS———
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Direct Query Tool for

72 Grafana - DMA Overview

< C {t A Notsecure

NEPTUNE
CLUSTER

73 Grafana - Report - Monthly Pow: x @ 1

172.16.1.122:

Time Range
Absolute
From* |2019-06-24 12:00:00.000 am or
To 2019-06-25 12:00:00.000 am or
Metrics
[ |
Name® CoGhWater\WDB/SEPAMSE2/L1Current
Limnit
Group By
Aggregators

Tags

* Required Fields.

Graph Show Query Save

Link to Graph

Query Time: 122 ms
Sample Size: 5,149
Data Points: 5,149

400

Relative
Hours

Years

Delete Data

v

v

ago

ago

Time Zone

Default

New SCADA Dashboards for Power & DMAs

Cassandra Database

»€ Node-RED Dashboard x| Trident Historizer: 172161120 x | +

NN S ——
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Direct Query Tool for Cassandra Database

NEPTUNE
CLUSTER

Time Range

Absolute Relative Time Zone
From* 2019-06-24 12:00:00.000 am Hours ¥ | ago

: . Default
To 2019-06-25 12:00:00.000 am Years ¥  ago

Metrics

CoG/Water/ROB/PM3000/F17_L1RealPower *

Name* CoG/\Water/ROB/PM3000/F17_L1RealPower

Limit
Group By ( +
Aggregators

Tags

* Required Fields

Graph Show Query Save Delete Data

—GUep
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Direct Query

1% Grafana - DMA Overview X

< C Y A Notsecure

NEPTUNE
CLUSTER

Time Range

| 7% Grafana - Report - Monthly Powe X @3 1

22:8080

172.16.1.122:8080

Absolute Relative Time Zone
From* |2019-06-24 12:00:00.000 am or Hours v |ago
Default v
To 2019-06-25 12:00:00.000 am or Years v |ago
Metrics
e |
Name* | CoG/Waler’\WDB/SEPAMSE2/L1Current
Limit
Group By
Aggregators
Tags
* Raquired Fields.
Graph Show Query Save Delete Data

Link to Graph

Query Time: 122 ms
Sample Size: 5,149
Data Points: 5,149

Tool: Woods Pump Starts

X

2 Node-RED Dashboard x | [B) Tident Historizer: 172161120 x | +

PUMP START

New SCADA Dashboards for Power & DMAs
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Direct Query Tool: Woods Pump Starts

Y% Grafana - DMA Overview X | 73 Grafana - Report - Monthly Powe X

<« C Y A Notsecure | 172.16.1.122:

NEPTUNE
CLUSTER

Time Range
Absolute Relative
From* |2019-06-24 12:00:00.000 am or Hours ¥ | ago
To 2019-06-25 12:00:00.000 am or Years ¥ ago
Metrics

Name™ CoGMWater\'WDB/SEPAMSE2/L1Current
Limit

Group By
Aggregators

Tags

* Required Fields

Graph Show Query Save Delete Data

Link to Graph

Query Time: 122 ms
Sample Size: 5,149
Data Points: 5,149

#2 MNade-RED Dashboard X | [B Trdent Historizer: 172161120 x | +

In-Rush Current

of Pump Starting

03:01:40 03:01:30
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Grafana web-based Dashboarding Tool

Power Site Details - Wells Selectable

Power Overview

DMA all flow/pressure Long List (5 min data) New dashboard

Power Site Details - Boosters Selectable New folder

Import dashboard

Find dashboards on

DMA - Detail Selectable

pMAAalI flow/pressure Long List (5 min data)

DMA flows/pressures Long List (hour data)
DMA Overview

Power Overview

Power Site Details - All Sites (General)

Power Site Details - Boosters Selectable

Power Site Details - Wells Selectable

New SCADA Dashboards for Power & DMAs



er_Publis

Burkes Well - Total Wat_.

4518 m?

Dean Well - Total Water ...

1427 m?

Downey Well - Total Wa_

4313 m?

Emma Well - Total Wate_.

2619 m*

Helmar Well - Total Wat._.

817 m?

Overview Dashboard

/ Power Overview -

Burkes §/m3 produced

-0.07 $/m3

Dean §/m3 produced

-0.06 $/m3

Downey $/m3 produced

-0.07 $/m3

Emma §/m3 produced

gu 008 $/m3

Helmar St $/m3 produced

Po.14sim3 ]

Park Well - Total Water _

596 m?

Queensdale Well - Total...

836 m*

Water St Well - Total Wa_.

622 m?

Calico Well - Total Wate...

om?

Membro Well - Total Wa...
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Park Wells §/m3 produced

-0.09 $/m3

Queensdale §/m3 produced

Po.13 sim3

Water St Well $/m3 produced

-0.06 $/m3

Calico §/m3 produced

Infinity.00 $inh3

Membro §/m3 produced

Infinity.00 $/m3

Arkell 6 Well - Total Wat..

659 m?

Arkell 8 Well - Total Wat...

om?

Burkes - Electricity §
$311
Dean - Electricity
$85
Downey - Electricity §
$306
Emma - Electricity $
$222
Helmar - Electricity §

Paiskey Well - Total Wat.. $117

Arkell 1 Well - Total War._.

Arkell 7 Well - Total Wat...

7731 m?

Park - Electricity §
$52
Queensdale - Electricity §
$109
WaterSt - Electricity §
$39
Calico - Electricity $
$0.9
Membro - Electricity §

$38

Waoods+Arkell Electricity

0.00019 m?

$2.11K

wr Y B B

Arkell 14 Well - Total W_ Carter Wells - Total Pro_

2947 m? EX

Arkell 15 Well - Total W... Glen Collector - Total Pr_.

0m* 15492.57 m*

Clair Booster §/m3 pumped

D—O.OS $/m3

Robertson Booster §/m3 pumped

0.01 $/m3
-

Clair Booster - Electricity §
$58
Robertson Booster - Electricity §

$42

Refresh every 30s

Woods + Arkell - §/m3 produced

! $0.02

FY1- Billed Water Rate - $/m3
$ 1.72

FY1- Billed Basic Charge - S/day

s 0.26

Clythe Booster §/m3 pumped

-0.07 $/im3

Paisley Booster $/m3 pumped

0.00 $/m3

1
h

Clythe - Electricity §
$249

Paisley Baoster - Electricity §

$4

-




Power Overview Dashboard

(@ vesterday Refresh every 30s

Arkell & Well - Total Wat_ Arkell 1 Well - Total Wat... Arkell 14 Well - Total W_ Carter Wells - Total Pro_ Woods + Arkell - 5/m3 produced

A $0.02

Arkell 8 Well - Total Wat_ Arkell 7 well - Total Wat__ Arkell 15 Well - Total w_ Glen Collector - Total Pr_ FYI1- Billed Water Rate - 5/m3

s 1.72

FY1 - Billed Basic Charge - §/day

s 0.26
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Power Overview Dashboard

Burkes - Electricity § Park - Electricity $§ Clair Booster $/m3 pumped Clythe Booster $/m3 pumped
$311 $52
Dean - Electricity $ Queensdale - Electricity $

$85 $109

A —0.05 $/m3 \ -0.07 $/m3

- -~

Downey - Electricity § WaterSt - Electricity $

$306 $39 Robertson Booster $/m3 pumped Paisley Booster $/m3 pumped
Emma - Electricity $

$222 $0.9
i __0.01$/m3 0.00 $/m3

$117 $38 . -

Woods+Arkell Electricity Clair Booster - Electricity § Clythe - Electricity $
$58 $249

$2.11K Robertson Booster - Electricity $ Paisley Booster - Electricity $

$42 S4
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Power Overview Dashboard

Burkes Well - Total Wat._. Burkes $/m3 produced Park Well - Total Water ...

-0.07 $/m3

-

Dean Well - Total Water ... Dean $/m3 produced Queensdale Well - Total..

-

'0.06 $/m3

Downey Well - Total Wa... Downey $/m3 produced Water St Well - Total Wa.

-0.07 $/m3

-

New SCADA Dashboards for Power & DMAs

Park Wells $/m3 produced

‘0.09 $/m3

-

Queensdale $/m3 produced

'0.13 $/m3

k=3

-~

Water St Well §/m3 produced

.0.06 $/m3

~
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Burkes Well - Total Wat_.

4518 m?

Dean Well - Total Water ...

1427 m?

Downey Well - Total Wa_

4313 m?

Emma Well - Total Wate_.

2619 m*

Helmar Well - Total Wat._.

817 m?

Overview Dashboard

/ Power Overview -

Burkes §/m3 produced

-0.07 $/m3

Dean §/m3 produced

-0.06 $/m3

Downey $/m3 produced

-0.07 $/m3

Emma §/m3 produced

gu 008 $/m3

Helmar St $/m3 produced

Po.14sim3 ]

Park Well - Total Water _

596 m?

Queensdale Well - Total...

836 m*

Water St Well - Total Wa_.

622 m?

Calico Well - Total Wate...

om?

Membro Well - Total Wa...
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Park Wells §/m3 produced

-0.09 $/m3

Queensdale §/m3 produced

Po.13 sim3

Water St Well $/m3 produced

-0.06 $/m3

Calico §/m3 produced

Infinity.00 $inh3

Membro §/m3 produced

Infinity.00 $/m3

Arkell 6 Well - Total Wat..

659 m?

Arkell 8 Well - Total Wat...

om?

Burkes - Electricity §
$311
Dean - Electricity
$85
Downey - Electricity §
$306
Emma - Electricity $
$222
Helmar - Electricity §

Paiskey Well - Total Wat.. $117

Arkell 1 Well - Total War._.

Arkell 7 Well - Total Wat...

7731 m?

Park - Electricity §
$52
Queensdale - Electricity §
$109
WaterSt - Electricity §
$39
Calico - Electricity $
$0.9
Membro - Electricity §

$38

Waoods+Arkell Electricity

0.00019 m?

$2.11K

wr Y B B

Arkell 14 Well - Total W_ Carter Wells - Total Pro_

2947 m? EX

Arkell 15 Well - Total W... Glen Collector - Total Pr_.

0m* 15492.57 m*

Clair Booster §/m3 pumped

D—O.OS $/m3

Robertson Booster §/m3 pumped

0.01 $/m3
-

Clair Booster - Electricity §
$58
Robertson Booster - Electricity §

$42

Refresh every 30s

Woods + Arkell - §/m3 produced

! $0.02

FY1- Billed Water Rate - $/m3
$ 1.72

FY1- Billed Basic Charge - S/day

s 0.26

Clythe Booster §/m3 pumped

-0.07 $/im3

Paisley Booster $/m3 pumped

0.00 $/m3

1
h

Clythe - Electricity §
$249

Paisley Baoster - Electricity §

$4

-




Site Detail - Helmar Well (1hour)

/ Pawer Site Details - Wells Selectable - YO R - S T - | =] Refresheveryaos Q@ &
SITE HEB~
Total Production $/m3 produced kWh/m3 produced Total kWh Total Electricity Cost § § for building Total Booster Flow
225.99 m* 0.12 y/m3 0.01791um3 $-0.07
Total Well Flow $/m3 for well kwh/ms3 for well §for well
44.79 m® $0.05 0.0064 1wvma 82.5 kWh $4 $2.41 34m’
Total Booster Flow $/m3 for booster kwhim3 for booster $ for booster
225.99 m* $0.0543 0.0079 iwivms $1.85
Energy Cost (Smin Intervals)
550K
SanK —_— —— ¥ — — v
$30K
$20K
$10K
£l
1634 1636 1638 16:40 16:42 1644 16:46 1648 1650 1652 16:54 16:56 1658 1700 1702 1704 1706 1708 1710 1712 1714 1716 1718 1720 hr-3 1724 1726 1728 1730 1732
HEB/ 17.] |_energycost 17 i
Well & Booster Flow Rates (L/s)
13
12
o 1
5
10
9
1634 1636 1638 16:40 1642 16044 1646 1648 1630 1652 1634 1636 1638 1700 17402 1704 1706 1708 1710 mz 1714 1716 1718 1720 7z 1724 1726 1728 1730 1732
= CoG/Water/HEB/PLC1/POE_F - LC1/Well,
kwh
4135kWh
4130 kWh
A125kWh
4120 kWh
A115kWh
1634 16:36 1638 1640 1642 1644 16:46 16:48 1650 1652 1654 1656 1658 1700 17402 1704 1706 1708 1710 1712 1714 1716 1718 1720 hre-3 724 1726 1728 17:30 1732
— CoG/ HER/ 17.] th
Peak Demand
4165K
A160K
4155K
41.50K
1634 1636 1638 1640 1642 1644 1646 1648 1650 1652 1654 16:56 16:58 1700 1702 1704 1706 1708 1710 1712 1714 prall 1718 1720 172 172 1726 1728 1730 1732
= CoG/ HEB/! 171 o

Boaster Pump Run Status
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Site Detail- Robertson Booster (2 days)

Power Site Details - Boosters Selectable » 7 < SR = SR I - =

= (= Refresh every 30s Q =
SITE  ROB ™
Total Production §/m3 produced kWh/m3 produced Total kWh Total Electricity Cost § § for building Total Booster Flow
9197.83 m* 0.01 srma 0.0017 kwms $87.07
Total Booster Flow $/m3 for boester kWh/m3 for booster $ for booster

9197.83 m® $0 Ot 633 kWh $87 $0 8577 m?

Energy Cost (Smin Intervals)
20K

§15K )

10K

55K

&/3018:00 6302000 &/3022:00 71 o000 7N 2o 710400 711 06:00 71 000 71 1000 7n1200 71400 7N 1600 711800 712000 nzon 7r200:00 7720200 7720400 7/206:00 7r208:00 7721000 721200 721400 721600

Boaster Flow Rates (L/s)

Us

a5
6/301800 6/30 2000 /307200 771 00:00 71 1200 710400 71 0600 710800 70 1000 7N 1200 71 1400 771600 711800 7N 2000 7n zz00 7/2 00:00 7720200 72 0400 7/206:00 7120800 721000 721200 721400 721600
= Cof/Water/ROB/PLC1/POE_FlowRatefmean

kWh
16.0kWh

150kWh
140KkWh
120kWh
120kWk

6/3018:00 6/30 20:00 6/302200 771 00:00 71 0200 7710400 7/106:00 7/1 0800 71 10:00 7711200 711400 711600 711800 712000 7N 2200 72 00:00 721200 7/2 0400 7/206:00 /20800 772 10:00 72 12:00 7721400 7721600

43000/F17.] of

Peak Demand
170K

160K
150K
140K
120K

120K
/30 18:00 6/3020:00 /302200 7/100:00 71 0200 7/ 0400 771 06:00 71 0800 711000 711200 71 1400 701 1600 71 1800 7/1 20:00 71 2200 7120000 /20200 7/20400 7720600 7120800 7121000 7121200 7/21400 /21600
— Cokf 43000/F17 1 cf

Booster Pump Run Status
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Site Detail- Robertson Booster (30 days)

SITE  ROB~

Total Production
170221.57 m®
Total Booster Flow

170221.57 m®

$60K

$40K

63 64 65

shed / Power Site Details - Boosters Selectable ~

$/ms3 produced
0.01 s/ms

$/m3 for booster

$0

/6 67 &8 &9 610

kWh/m3 produced
0.0011 owms
KkWh/m3 for booster

Oxwivms

&m 6n2 613 &4

Us

= Co/Water/ROB/PLC1/POE_FlowRate/mean

60 kW
ET
40kWh
30kWh
20 kWh

10kWh
o3 o/4 /5

/6 &7 &8 &9 610

S0K
20K
30K
20K

10K
63 64 &5

/6 &7 &8 69 /10

New SCADA Dashboards for Power & DMAs

a1 &2 on3 614

611 612 613 &a

o &2 &3 614

Total kWh Total Electricity Cost §

9.57 MWh $1.348K

Energy Cost (Smin intervals)

ons 616 on7 ens 619 6/20 621 622

Booster Flow Rates (L/s)

6ns 616 a7 o8 619 620 &21 22
kwh
615 616 17 &ns 619 6/20 621 22
Peak Demand
615 16 6n7 ens &19 620 o721 22

Booster Pump Run Status

23

&3

624

625

625

625

25

$ for building
$1.35K

§ for booster

$0

626

627

28

628

628

629

6/29

Refresh every 30s

Total Booster Flow

132301 m?®
630 n
630 n
620 n
630 n

n

/o3

n




NSy

Let’s use Neptune to manage our DMA
Flowmeter Data... '

RN

NEPTUNE
CLUSTER
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DMA Flowmeter
Communications Architecture Data Client

CELLULAR NETWORK ClearSCADA ClearSCADA
MODEM FIREWALL Server Historian
Data Client

CELLULAR DN PB'WI.TS .
NETWORK — Communications
(IP-Based)

DMA Flowmeters
— (50 transmitters)

CITY OF
Making a Difference

New SCADA Dashboards for Power & DMAs



B
District Metered

Areas

e Segments Water Distribution
into DMA Areas with
1-3 connections on borders

e Put flowmeters on the
DMA’s border connections

e What this give us:

— Water in/out of DMAs
— Compare to Customer Meters

— Compare to Wells &

Pumping Station meters
— Calibrate Water Models

New SCADA Dashboards for Power & DMAs

./_/ . : “
/ 30
L 9 " 10
7 241 0 21
(\\ 24
p; 22
/[ 8
__/
y

City of Guelph Water Services
DMA Moter Locations

[] Peasos-istakod
[] ez kst
[ e =



District Flow Meters

e Magnetic Flowmeter

e |ntegrated Remote Transmitter
— Transmitter
— Data Logger
— Cellular Modem & Antenna
— Built-in DNP3-WITS Protocol
— |P 68 Submersion Rated
— Long Life Battery

e Flow Tube
— |P68 Submersion Rated

New SCADA Dashboards for Power & DMAs



NSy

Flowmeter Chambers

e Each DMA is enabled by closing valves, so only 2-3 entry points
e Put Flowmeter chamber on each of DMA’s entry points
— Chamber contains the Flowmeter “flow tube”
— Pressure sensor (also monitored by flowmeter electronics)
— Upstream and downstream isolation valves

PERSON ACCESS — — ACCESS LADDER
OPENING ABOVE | /  PEROPSD 406.010 7 TO BOLLEVARD BOX, TYP
PRE-CAST —. T 7
CONRETE T a \ / A L
CHAMBER N , S WO NS
N SR | ———— 300 ¥ 300 SUMP X 125 DEEP

~— SPARE PVC CONDUIT FOR
FUTURE ELECTRICAL USAGE

.

EXISTING = Ml e CABLE CONDUIT
e | 100 (MIN} =5
M.J. GATE ST AN (MIN}Y = | REFER TO NOTE 4
VALVE g R X p== S
_\ 2 . FLANGE ¢
- A TYP p— c D)

nl | | |
=
" i | 600 (MIN) | [ 600 (MIN) |
| \\ ﬁ "~ INSTALL M.J.
" ol

N L exisTING PIPE I"\:*:_EC'JFIUER GATE VALVE
CUT TO SUIT \_ CONCRETE

-\ FLOW METER : A
- .\NSTRLL}\TIDN S BASE
N FLOW METER CABLING

SECURE TO WALL AND PIPE

RESTRAINED HYMAX —
COUPLING, TYP ol

T\\:ﬂi‘ (MIN)
|
|

PER MANUFACTURER'S
RECOMMEMNDAT|ONS

2400
(RAIMY
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Flowmeter Transmitters

e Flowmeters installed into boulevard boxes

e Antenna pedestals to mount cellular antennas on

New SCADA Dashboards for Power & DMAs
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Dashboard
& Reporting

i Grafana

Applying Neptune to DMAs  webbase ((

Existing SCADA Infrastructure

CASSANDRA
Distributed .

Open

Source

Database | 7
(no licensing fees) \ ,_ /

STORAGE DB

Hourly TRIDENT
Data Sync
Script o*q

BROKER HISTORIZER

- - - Pushes to P_ushes to
RN G G Historizer Time Series
. 28809 . 54889 . 54889 Server Database
w 37
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Neptune Hourly Data Sync Scri

Grafana - DMA Overview

B Tndent Historizer

x Grafana - Report - Monthly Po

72.16.1.120:1880/ad

x

@

6.1

X | *Q Node-RED Dashboard

x

B Trident Historizer: 172,161,120 X +

Q
v input
inject
caich
status
link
mgtt
hitp
websocket
tcp
udp

v output

debug

link

mgtt

hitp response

websacket

tep

udp

v function

function

template

New SCADA Dashboards for Power & DMAs

ClearSCADA ETL

Runs Every Hour

timestamp L

Midnight backfiil

http request

get all the tags to pull data for

change: 2 rules

change: 4 rules

change: 3 rules

catch (1)

Auto Backfill

auto time entry

query historical data for specific tag and time range (refurns max 40000 records)

delay 500ms parse date

set msg.payload

change: 2 rules

Data at Midnight for two weeks (Runs @ 12:30am so hourly is done by 12:15am, no collisions)

change’ 2 rules

msg

Information

38



{a 88 DMA_Publish

DMA Dashboard

DMA01.01
50 750psi
] .
s T0psi
S w -
A0 50psi
6728 n
= Fiow = Pressure
DMA.04.01
o 1000 psi
10
500
J | Opsi
40 S00psi
&8 n
= Flow = Pressurs
DMA03.01
20 T0psi
100 m | g;_ : psi
s pei
R4 W WY e25psi
00 B00psi
628 mn
= Fiow = Pressure
DMA12.01
101.0psi
200 w; fl, tooopsi
"HM}\*L %.0psi
100
0
W p"
— Fiaw — Presaure
DMA16.01
130 S00psi
100 Ba0psi
M o
B0psi
= Flow = Pressurs
DMA22.01
150 1000 psi
750psi
s 0.0psi
3 250psi
Opsi
L] n
= Fiow = Pressure
DMA.28.01
s0 T0psi
25 650psi
e 0 e < '
3 s M. 600psi
50 550psi
] "
— Fiaw — Presaure

Lis

Lis

s

s

us

Ls

Lis

/ DMA Overview «

DMA.01.02
20 1000 psi
100 00psi
0 opsi
00 S00ps
[ n
= Flow = Pressure
DMA 04.02
50 %00psi
25 J N esopsi
0 B0psi
25 750psi
6/ mn
= Flow = Pressure
DMA.09.02
100 750psi
(o T ——
o foill W 700psi
50
00 50psi
628 n
= Flow = Pressure
DMA.12.02
100 . T60psi
740,
AR
-mu 720psi
700psi
6728 n
— Flow — Pressure
DMA.16.02
200 B0psi
100 | J, 780 psi
0 WMy 760
100 740psi
628 n
= Flow = Pressure
DMA22.02
25pi
W (W?\ i
r *I a75pai
-w n 450psi
= Flow = Pressure
DMA.28.02
25 B00psi
0 N‘
25 S50psi
=0
a5 0psi
— Flow — Pressure

DMA.01.03
[} 75.0 psi
10 )
700
. zoww =
20 o
40 60.0psi
628 m
= Flow = Pressure
DMA.05.01
20 T00psi
1 M
e 0 650 psi
I a0 ]
20 60.0 psi
628 m
= Flow = Pressure
DMA.10.01
50 —r 730 psi
" iyt o 0
3 s 650psi
100 60.0 psi
628 m
= Flow = Pressure
DMA.13.01
T10psi
76.0psi
® 750 psi
= TA0ps
Ta0psi
= Flow = Pressure
DMA17.01
m 0 T00psi
SRR -
60.0 psi
ma S50psi
= Flow = Pressure
DMA.23.01
e 600 psi
50 4 bt e AL 550psi
B g U] .
3 spl L S0.0psi
100 450 pai
628 m
= Flow = Pressure
DMA.29.01
10 65.0 psi
ohfAd L 600psi
o ‘b?, "‘f
3 10 550 psi
20 50.0psi
6/28 m
= Flow = Pressure
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DMA.03.01
100 700ps
50 ]
o f”'&#'ﬂ L ‘M 650psi
3 0 T T 625ps
50 600psi
628 mn
= Flow = Pressure
DMA.05.02
a0 750psi
20 T00ps
T ] L v WY gsops
] 60ps
&28 n
= Fiow = Pressure
DMA.10.02
20 525ps
o 475ps
1) T 450psi
40 25ps
6/ n
== Flow = Pressure
DMA13.02
200 620psi
1
oo whidld) M N | 6rops
o 600ps
3 " S0ps
100 s0psi
628 mn
— Flow = Pressure
DMA17.02
75 650psi
50
®» 25 60.0
3 '1 : ’ {
25 S50ps
6/28 n
= Fiow = Pressure
DMA23.02
100 650ps
50 (=T
it =i
oyer W W s25ps
50 1 550psi
628 mn
= Flow = Pressure
DMA30.01
650ps
0 J W JAR/ *
® 60.0
= mu & =
= 330ps
628 m
— Flow = Pressure

DMA.03 19.02
150 10ps
o) USps
o i \\ Opsi
3 a0 |y “ ‘lr';WMﬂ sps
0 10psi
= Fow = Pressure
DMA07.01
200 850psi
i g | . 25ps
¥ ; 800ps
ory TI5ps
200 750psi
&8 n
= Fiow = Pressure
DMA.10.02
100 630ps
50 625psi
PRR 1 60.0ps
3 ol 575psi
100 550ps
28 n
= Flow = Preasure
DMA14.01
75 750ps
50 ralps)
730psi
3l T20ps
0 Ti0ps
6728 n
— Fiow = Pressure
DMA18.01
200 750psi
150 F00ps
L] T "
3 wo UK WY 650psi
50 600psi
m
= Fiow = Pressure
DMA24.01

DMA3 13.03
100 700psi
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e
5 oWV 600psi
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602 m
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. T g 750psi
3 PACTET™  700ps
50 650psi
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= Flow = Pressurs
DMA.11.01
| . G20ps
1
b A j m / 600 psi
E
1 WM 58.0psi
500 56.0 psi
6i28
== Flow == Pressure
DMA.14.02
5, 1000ps
100 J y ! | osops
!W, 'ﬁ s60ps
o40psi
— Flow — Pressure
DMA18.02
20 650psi
40 60.0 psi
3 40 : : ; 530psi
20 S00psi
6728 n
= Flow = Pressurs
DMA.26.01
150 750psi
100 . ull L 700psi
50 Ww 650psi
0 60.0psi
== Flow == Pressure

W T B
DMA.D3 19.04
06 65.0 psi
04 60.0psi
s 02
= 350psi
a2 S00psi
6128 n
= Flow = Pressure
DMA.08.01
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00 \f\ h 800psi
3 20 gAY VY’ T50psi
300 T00psi
= Flow = Pressure
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00 67.5ps
o Jubthinh byt 65005
s | e2sps
3 a0 F’#ﬂw‘““ 00psi
400 S75psi
52 n
= Flow = Pressure
DMA15.01
150 90.0 psi
100 8.0psi
.
T 6.0psi
0 240psi
] n
= Flow = Pressure
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200 700 psi
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I u 60.0 psi
200 $50psi
628
= Flow = Pressure
DMA.26.02
60 - 1000 psi
a0h - } 930ps
3 oz20) 900psi
0 850ps
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= Flow = Pressure
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1000psi
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DMA Dashboard - showing last 7 days

@ B8 DMA_Published / DMA Overview «

DMA.01.01

50
[] . 100 "
-100

&

DMA.01.02 DMA.01.03

T50psi ;0 1000psi

0.0 pei

L

= Flow
DMA
o
10
20
7 a0
40
628
= Flow
DMA
20
100
3 0
g
628
= Flow
DMA
T
mn
3 o
]
Ll
= Flow
DMA
150
100
R
]
6/28
= Flow
DMA
150
100
50
]
a0
/28

9

™AL A

DMA.01.01
75.0 psi
o 70.0 psi
=
65.0 psi
6/28 m
== Flow == Pressure
DMA.04.01
0 100.0 psi
-1.0 R4 TATT UT® o
50.0 psi
T - Opei
40 -50.0 psi
6/28 m
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5 2 i
DMA Overview «

5

100
a0
0

L/s

DMA.03.01

A

DMA.03 19.02

T00ps 150

] 100
650ps s
msps 1 30 WWMIA
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mn

10psi 100
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Opsi s 0
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+

[T+ G e & = OLasi7days Q
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10
700
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DMA Dashboard - showing last 30 days

o

172.1

@ B8 DMA_Published / DMA Overview -

.
o ; ag M i .
0 ReWE H DMA Overview
5 JW o
- &6 m
= Flae = Preseure DMA.01.01 DMA.01.02
DMA.04.01 100 100.0 psi 200
N O (MIMCALRHIIR < . wo B
- " | pst C)
3w N S 00 | S o
616 n
= Flaw = Pressure -20.0 0 pst -100
. 6/16 n 6/16
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5 um CHL
e DMA.04.01 DMA.04.02
- Flaw == Pressure
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DMA Dashboard - or last 2 days

6 'l DMA_Published / DMA Overview -«
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10.0

s S e

<100 !
7/ 00:00 7/2 00:00 7/1 00:00 72

== Flow == Flow
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L )
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— Flow
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DMA Dashboard

— Detail View
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DMA Dashboard - Individyal Flowmeter
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DMA Dashboard - Setting up Email Alerts
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DMA Dashboard
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Burkes Well - Total Wat_.

4518 m?

Dean Well - Total Water ...

1427 m?

Downey Well - Total Wa_

4313 m?

Emma Well - Total Wate_.

2619 m*

Helmar Well - Total Wat._.

817 m?

Overview Dashboard

/ Power Overview -

Burkes §/m3 produced

-0.07 $/m3

Dean §/m3 produced

-0.06 $/m3

Downey $/m3 produced

-0.07 $/m3

Emma §/m3 produced

gu 008 $/m3

Helmar St $/m3 produced

Po.14sim3 ]

Park Well - Total Water _

596 m?

Queensdale Well - Total...

836 m*

Water St Well - Total Wa_.

622 m?

Calico Well - Total Wate...

om?

Membro Well - Total Wa...
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Park Wells §/m3 produced

-0.09 $/m3

Queensdale §/m3 produced

Po.13 sim3

Water St Well $/m3 produced

-0.06 $/m3

Calico §/m3 produced

Infinity.00 $inh3

Membro §/m3 produced

Infinity.00 $/m3

Arkell 6 Well - Total Wat..
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Arkell 8 Well - Total Wat...

om?

Burkes - Electricity §
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Dean - Electricity
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Downey - Electricity §
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Emma - Electricity $
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Helmar - Electricity §

Paiskey Well - Total Wat.. $117

Arkell 1 Well - Total War._.
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Park - Electricity §
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Queensdale - Electricity §
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WaterSt - Electricity §
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Calico - Electricity $
$0.9
Membro - Electricity §
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Waoods+Arkell Electricity

0.00019 m?

$2.11K
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Arkell 14 Well - Total W_ Carter Wells - Total Pro_

2947 m? EX

Arkell 15 Well - Total W... Glen Collector - Total Pr_.

0m* 15492.57 m*

Clair Booster §/m3 pumped

D—O.OS $/m3

Robertson Booster §/m3 pumped

0.01 $/m3
-

Clair Booster - Electricity §
$58
Robertson Booster - Electricity §

$42

Refresh every 30s

Woods + Arkell - §/m3 produced

! $0.02

FY1- Billed Water Rate - $/m3
$ 1.72

FY1- Billed Basic Charge - S/day

s 0.26

Clythe Booster §/m3 pumped

-0.07 $/im3

Paisley Booster $/m3 pumped

0.00 $/m3

1
h

Clythe - Electricity §
$249

Paisley Baoster - Electricity §

$4

-




NS ey

Power Usage Dashboards Next Steps

» Has been gathering data for past 12 months
» Final testing and adjustments in progress
« Some tweaking still left to do
» Automatic PDF email reports feature still under development (initial testing done)
 Install work for network connections to existing Pump Motor Starters is in progress
* Next Steps
* Mount display in Woods hallway as a realtime energy dashboard
« Making Data-query web-interface accessible to Water Services staff (via desktop)
« Making Grafana web-interface available to make dashboards for Water Serv. staff

DMA Flow & Pressure Dashboards

All DMA flowmeter flow/pressure hardware issues resolved as of Jun 28, 2019

« Each flowmeter pushes data to server very approx. 6 hrs, longer if poor weather/signal
» Five meters need site visits every 2 weeks to push data (upgrades in 2020 should fix)
» Final testing and adjustments in progress

« Some tweaking of dashboards & reporting tool still left to do

« Selecting criteria to test out email alert feature (e.g. high flow rates) and testing
* Next Steps

« Mount display in Woods hallway near Distribution Ops as a realtime dashboard

« Making Data-query and Grafana web-interface available to Water Services staff
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