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Large public wastewater utility
serving Denver and surrounding

suburbs (2M population) c 5 ’ MetrO

Average daily flow is 130 mgd - ;) AR
Secondary treatment with biological |y JiB Bt —=— o/l |

Secondary freament it biokgical || SO 2 ()  Wastewater
Large on-site laboratory \ : b {00 ReClamathn

More than 400 empoloyees N 44 . .
Pl serves as historical and analytical N = S DlSt”Ct
data archiving service e
Pl system components
* Pl Archive servers: over 30K tags
+ Pl Software: AF, Ar)a_lysisD ) N : : ,
Dok, Mancar T ogasaink, How PI Vision fits into Metro’s world
Pl AF developed as an analytical
repository

» Operational data, lab data, financial
data
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Presentation Layer

al) D) ) ) )

Microsaft Power BI Tableau PI Vision

Consumers
siawnsuo)

Information Governance

Asset Management Regulatory : Human Capital Operations Collaboration

Master Data / Blending Layer

Data Sources
and
Organization

Data Stewards
spiemayg eyeq

Pl & Labworks PIMS & Labworks

Disparate Dnta Sources

999999999

Infor/EAM  Connection BrainShark Sutron Labworks
Charges

SISISISISISISISIS

Oracle EBS FAR IMS Weigh Portable Flow PIMS DayForce  SharePoint Shop
Drawings

Data Owners
SIBUMQ BjeQg

Data Governance

» Metro Data Store concept

* How do we evolve from a system of disparate data
silos throughout the plant?

« Common repository of data for all users to access

* Don’'t need to know how to access different systems
anymore

» Master data layer extracted from different sources

— )\ METRO WASTEWATER
ES' PIWorld san Francisco 2020 / ARCLAMBTH ENETIOGT )




Knowledge Gap Disparate Systems Expertise Buy-In

It's hard to ask for Many data Who has the right skill How to convince
changes when sources that set to determine the incorporate new
you don’t know weren’t best use of data and visualizations into
what’s possible. integrated. to develop solutions? our process?
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creased cha imited data availability

Weekly Target Data Gathering
 Legacy system text-based reporting (cut and

paSte ) Tt Dec 1-Dec 8 December 2, 2019
Per ot
Limit da

Baseline Action

TS5, mgil | NSFEQ

DAILY - Monitor NSFEQ ODS Report: daily & week-to-date averages

* Process books

 Excel calculations

* Print and post
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Collaboration:
Technology and
Innovation

IT

Operations

&
NERD ALERT
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e 1 — Permit Tracking
ral water quality parameters

Legacy system text based
reporting (cut and paste)

Cut/Paste
Excel calculations
Print and post
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Tar9ets | pec 1- Dec 8 December 2, 2019
Permit Permit | p.a Do Not .
Area Parameter SData Limit Limit ,:Ia:, Target |Exceed 7Aday H‘Elmh PA ol_ Baseline Action
ource | a4 day 7 day — DNE vg |to Date ermit
TSS. mgll | NSFEQ 30 45 16.5 30 148 | 152 |50.7% DAILY - Monitor NSFEQ ODS Report: daily & week-to-date averages
CBOD. mgiL | NSFEQ | 17 25 10 17 48 | 48 |28.2x
NPDES E coli NSFEQ | 126 252 50 80 |60.2| 60.2 |47.8%
TSS,
CBOD, Ammonia, 0.86 16.9% 30D: <89% of Target - Month to Date
E.coli, mgiL ) e
NH;, | Ammonia o.5a | 10.2% December 2019: Combined NH3 Effluent Limit: 30D: 5.10
NOs | TR ) - : Daily Max 9.20
™ mgllL mgll.. 'Y X mg"-
Nitrate + 4.60 | 46.9 Max Daily 7d & Max Daily MTD December 2019: Combined NO5 Effluent Limit: Daily Max 9.8
nitrite, mgil maﬂ_
TIN 5.20
NSEC NH3,
mgliL 0.70
[~ NSECNA3 |
Daily Max, 1.28
Q’z"’ mafl
SSEC NH3, 0.46
mgilL 1
[~ SSECNH3 |
Daily Max. 0.62
mafl.
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Add a new variable |

Name Expression Cutput Attribute
endTime TimeStamp(TagVal('Ecoli Daily','*")) Map
startTime7d bod(endTime)- (Weekday(endTime)-1)*86400 Map
dataArray7d RecordedValues('Ecoli Daily',startTime7d,endTime) Map
product7d Exp(Total(MapData(dataArray7d,Log($val)))) Map
// 1In(a) + 1In(b) +... = In(a*b*...)
geomean7d // e*(1n(a*b*...) = a*b*... i 7 =T
if (ArrayLength(dataArray7d) = @) then NoOutput() else product7d*(1/ArrayLength(dataArray7d))
startTime3od Bom(endTime) Map
dataArray3ed RecordedValues('Ecoli Daily',startTime3@d,endTime) Map
product3ed Exp(Total(MapData(dataArray3ed,Log($val)))) Map
geomean3@d if (ArraylLength(dataArray3ed) = @) then NoOutput() else product3@d*(1/Arraylength(dataArray3ed)) i -T
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Optimization Improvement Example 1 — Permit Tracking

Must meet permitted discharge limits of several water quality parameters

Legacy Process Development

* Legacy system * Technology and innovation worked closely
text-based with operations to determine what data is
reportin SCUt most useful and in what format
and paste | « Creation ?f realt-_tim_e visuali_za;tiq?_s to

. b convey information in more intuitive
Cut/Paste format

* Excel - Required use of lab data and online
calculations instrumentation data

» Analyses developed in Pl System Explorer

* Print and post « Visualization developed in PI Vision
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Previous Month

NH3 MostRecent Daily 1.10

1 r 3 4 5 L] T 8
Daily Permit Limit

Month-To-Date Daily Max 117

5 6 7 8
Daily Permit Limit
Month-To-Date Average 0.86

4 5 6 7 2

Monthly Permit Limit
Last Updated 2/22/2020 8:00:00 AM

6 8

Daily Permit Limit

| Daily

Year-To-Date Median

Permit Limit 15
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RWHTF Permit Tracking

=————3 Approaching/Exceeding
= Near Exceeding

I Moderate Concern
1 System OK

Values should be lower than the red lines

E-Coli 20

I oo

0 05 1 15 2 rd £

[ 10 o 05 1 15 2 25

mgh

10
mg/l

2023 Permit Limit 1 mg/L Values should be lower than the red lines

cBOD

7-D 6
TSS Values should be lower than the red lines Week-To-Date

0 25 5 715
mgA T-D 139
Week-To-Date
0 5

. 00
10 15 20 25 30 35 40 45
Month-To-Date |~ 7 o = & 0 5 & 17

Month-To-Date u 30-D I 979
% Removal

Month-To-Date % &8 %0 85 o

10 125 15 175 20 225 25

5 10 15 20 25 30
Values should be higher than the red lines
30-D

96.4
% Removal

Month-To-Date 5 875 20 025 Values should be higher than the red lines

Values should be between the red lines

pH 6.9

Daily
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* Pl Process
Book

e Screen
Shot

- wApple PiJI-P159
1808.0
> WA pple PiLI-P162

1356.7

" - WApplePilJI-BO72

533.03
< wApple PiJI-BO73

64.419
- A pple PiJl_S406
449.78

5 5/201 38 7:50:40 AM 7.00 days
- NVWATO Main 1 MAPLETON 1754 KW SEL
> NWATO Main 2 DERBY 1653 KV SEL
-+ EBB-1 DERBY 1653
< EBB-1 MAPLETON 1757
m SWATO 107A Main1 Mapleton 1751 Total KWW
0 SWATO 110A Main2 Derby 1654 Total KW
- Plant

PO WA pple PiLI_S407
637.47

8996.2

A vApplePiLJY_E1908B

Plant Power Use

Plant Power Production and Use

1400

- JY-GS390
4144.0
Kvw

* Y _E190A
4932.6
KVvWH

- JY_E190B

3 22088.6

Kww

e/25/2018 7:51:33 AmM
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Current Month

Lostvonts Hite Energy and Power Overview Flciicty Goss Pags

Two Months Ago

Total Power Usage (Kilowatts)

Total Power
5,972 kW

15 min Avg Cogen Power
4,569 kW

Power From Cogen

L | 46 %
2/1/2020 12:00:00 AM 28d 2/29/2020 12:00:00 AM
Peak Power - Distribution
;T'.‘k! ri;w st
Demand

5.632kwW

4 P S S S T e S S S S T S S S S St S S S S S W W WY |
2/1/2020 12:00:00 AM 28d 2/29/2020 12:00:00 AM
The Distribution Demand service charge is applied to the monthly maximum power peak; minimize this monthly peak to keep operational costs down.

Demand (kW) = XcelPower (KW) = CogenPower (KW) - StandbyNomination (kW)

Peak Power - Generation and Transmission

10,000 Peak Gen and Trans Demand
8.000 9,272 kW

Gen Trans Demand

0 kW

7,000
5,000
5,000
4000
3,000
2,000
g 4
280

2/172020 12.00:00 AM 272972020 12.00.00 AM
The Generation and Transmission Demand is the monthly maximum power peak we create weekdays between 2:00pm and 6:00pm.
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How does the electricity bill work?
What is Energy?

. i 2
Energy Use (Kilowatt-Hours) Yihot is Damanct,
_——__ Daily Energy
© 167,918 kWh
| 87,419 kWh
—F == OnPeK "5o42 shom
! 80,513 kwi
! OffPeak “gon
2112020 '12.96:00 AM - * * ’ * ’ : * * ’ - * .2’29.'202;1 12 IQO Ol;:ﬁM
Gap: Demand to Peak Peak Demand Tracking
3,688 kw Distribution Gen. and Trans
Ok to start? Time of Peak 2/19/2020 6:45:01 PM 2/10/2020 2:15:01 PM
North West Blower | IGORAN Days Since Peak 9d 184
Current Peak 9,321 kw e 9,272 kW 5%
North East Slover [l SO0RWN November Peak 8057 kw 8,621 kw
South Blower _ This is a % of last month's peak. Keep it negative to save money!
primary efuent Pump | EEEIAI What's the difference between the two Power Peaks?
Centrifuge _ Gen and Trans: Very Expensive, up to 4x Distribution
Distribution Price: 3.77 $/kwW
|
Graeaeans gol Transmission Price: 12.64 $/kW
To save $, avoid starting machinery on weekdays between 2-6pm when possibiel
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Power by Process Area

North South Solids Processing

Energy Home

HVAC

NSEC POWER SSEC POWER
3,387 kW 2,659 kW : .
Total Solids Processing Power Total HVAC Power
North KWh/MG South KWh/MG 918 kw 505 kw
55 62
NSEC % of Plant Load SSEC % of Plant Load SOLIDS PROC % of Plant Load HVAC % of Plant Load
45 % 36 % 12 % 7%
North KWHMG Blowers Centrifuges
55 kw

South KWh/MG SOUTH BLOWER POWER
i : . 62 kW

1,290 kw
11/28/2019 8:17:39 AM 92d 2/28/2020 8:17:39 AM

NORTH BLOWER POWER

AT s e | B
45 %

Total Centrifuge Power
439 kW

L 20 I SSEC % of Plant Load Total Blower Power
. o 1 36 %
i : T iz gl 36 % 3,393 kw
11/28/2019 8:17:39 AM 92d 2/28/2020 8:17:39 AM
[8 7 oSt ~ METRO WASTEWATER
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average for Title ¥ Air Permit compliance

‘I METRO WASTEWATER \
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Temperatwre. F | “Y0% | 93 | 95 |<am>101| 1000 | 1000 | 101 Digester 12 in Acid Phase
SRT CMPLX, days | “p'* 15 <16 1o | 120 | sox ODS SRT 7D Average: 8D: 16 & MTD 16 | CUrrent LabFECAL for MTD: f‘fg’;’g with a high value of 620,000
Dig TS Feed, TPD | AND'G
Dig S Feed, TPD | AY®
VS destruction, % ANPTG
VS destruction, ANDIG —
tpd P4 12/26/2018: Digester 8 Non Op
Dig Effluent, TPD | % ®
Comtrate B, =N, |Reson 2/26/2018: Digester 5 Non Op
Units it ANDIG
nits ifs P4
Gas production,
s ADGAS
e JY-G390 Electrical production to offset Xcel costs
production, kw
H2S. ppm ADGAS H2S ppm must stay under 1680 as a 3-hr moving |Ensure that only 3 Digester Flares are enabled, 4th flare must be

keyed OFF - for Title V Air Permit compliance

#PIWorld ©2020 OSlsoft, LLC 16




i Dazzling Cleaning X (@) PlVision - Digester System Metr X = - 5] X

506/Digester-Final?starttime=-2502000s&endtime =*&asset=%5C%5CAPPLEPI_AF%5CMWRD_Prod OPlant%5C11-Digesters

odes QH (48) Yammer : View.. Search Engines CDMS Eng Resources Mags Personal Exce Modeling Summer Experiment Fuel Cell @ Creating a modal w... PE

O PI Vision © newnispay | [1] | weTROUGOHman-Tores | @

@ Digesier System Metrics «AdHoc Display  [3 v

red s online bl “ ~

0.9d 24.8d

dlIF dallU
0 500{000 1‘00&4000 1.5Dl|)‘DGU Z.DDIIJ.DDO 250(‘1000 :
T-sample Geomean Limit 2,000,000 MPNig TS o e o o o e Average Acid Tank Temp Average Methane Tank Temp
i} . . 86.7 °F °F
0 30 40 50 60 70
VSR Target 38 % o o o @ 0 @ Name Value Units Trend Average

H@ Most-Recent Daily

6900-COGEN|Methane 588 % | T L[| 58531

Biogas T T T T T T 6900-COGEN|CarbonDioxide 06 % @ L 40802
200 400 600 800 1000 1200 1,500 :

Acid Tank 6900-COGENINitrogen o5 % |_ [ L 0.66727

H2S Limit 1 600 ppm

red is active

Temperature | 984 °F |
emperature [T | 12
verall System ! 1 1 h

20 40 60 80 100 120
Temperature Target 95 °F

, ‘ 2084 .
Overall System

0 5 10 15 20 25 30
SRT Target 15 d

Solids Metrics

Total Solids Loading (tons/day) M Feed Total Solids (%) [

Volatile Solids Loading (tons/day) m Centrifuge Total Solids (%) M
300 ! e :
k290 ! |- !
1 1
280 : 4
Lo B L \ CoT° :
et y s S e
250 WR u“w | I : r4 :
240 A I :
i | ‘ t ) o ol \ I~ ;

2/9/2020 3:38:33 PM - 28d23h P Now 3/9/2020 3:38:33 PM



S Impact

operations

Actual 30-day Usage
26,856 gal

« Time Savings

T 1
0 5000 10,000 15,000 20,000 30,000

» Several hours per week required to generate and physically T Prediced Monihy Ussge
post Weekly Target spreadsheets e
» Time required to digest information and make decisions 0 sm wlo o0 ofm nio0
« Cost Savings PARSost
« Still being quantified S
« Working on real-time quantification of cost savings ot
* Intangibles -
« All staff gain better understanding of how data analytics can
be used to optimize processes

5,000

 Bridge the gap between operators and plant data

0-
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Microsaft Power 81 Tableay

Presentation Layer
e
1 o
E [\I g
a
1| N | | | |
|| . ' ' '
Tableau Pi Vision Other
Information Governance

Master Data / Blending Layer

Asset Management Regul Operations Collaboration
Py
H -
g »
2 s
8 H]
5 H
P & Labworks PIMS & Labwork EBS & EAM EBS. EAM Dayforce “
g Infor/EAM  Connection AR BrainShark Sutron BRR Labworks Fuel Pl E‘
Charges
8 3
8 ]
Oracle EBS FAR OMMS Weigh  Portable Flow  PIMS DayForce  SharePoint

Shop
Drawings

Disparate Data Sources

New |nitiatives

Data Governance

» Advanced analytics for prediction
of performance

» Pull data from AF through Pl Web
APl using Alteryx, R

* Run statistical models, neural
network models

» Write predictive data back to Pl AF
throuF%;h Pl Web API using Alteryx
and

) osteo. ) METRO WASTEWATER \
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« MWRD invested in data optimization
* Created Technology and Innovation Division
e Purchased PI Vision

e Collaboration between teams
* TID, IT, Operations

« Conversion of Weekly Target Process )
« Advanced Data Analytics

- Benefits

* Time

* Money

* Intangibles

Q) METRO WASTEWATER
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Metro Wastewater Reclamation District

» Josh Goldman-Torres, PhD, PE
« Staff Engineer
* Metro Wastewater Reclamation District
* jgoldman-torres@mwrd.dst.co.us

« Johnny Tran
« Automation and Controls Engineer
* Metro Wastewater Reclamation District
e jtran@mwrd.dst.co.us

METRO WASTEWATER
RECLAMATION DISTRICT
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Questions?

Please wait for
the microphone

State your
name & company

OSlsoft.

Pl'World san rrancisco 2020

Save the Date...

AMSTERDAM
October 26-29, 2020
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