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Agenda

* A Bit About US

* Chelan County Public Utility District
* Who, What, Where
* Pl Usage

* Pl Use Cases
* Water Rights Pump Monitoring

* Work Intake Process
* AF structure & Display
* River elevation modeling

* Analytic process in and out of Pl

* Productionized PI Results
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A Bit About Us

R users - data analysts/data scientists/statisticians/economists

Peter — Hydro Gen Shaun — Bl & Data Analytics
* Started at the PUD in 2018. Formerly: * Public Utility experience starting in 2020
* Statistician for Texas Highway Patrol * BS in Economics from Utah Valley University
* Grad student math/stats instructor e Currently working on MS in Applied
* Peace Corps Volunteer teacher in Ghana Economics from Boston College

* MS in Statistics from University of Alaska Fairbanks
* BA in Math from Lawrence University (Appleton, WI)
* Originally from Decorah, IA
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Chelan County Public Utility District (Chelan County PUD)

* Nonprofit and customer-owned

* Electric, water, wastewater, and
telecommunications

* 3 hydroelectric dams ~2,000MW nameplate
capacity

e 2 on the Columbia River (mix of Kaplan and Bulb

A of ’ turbines)
‘ Wenatchee

* 1 at the base of Lake Chelan (Francis turbines)

* Meet local load and export ~80+%

l * Average residential rate just over $S0.03 per

‘ KWH

e Serve about 50,000 retail electric customers
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https://en.wikipedia.org/wiki/Chelan_County,_Washington

Pl at Chelan County PUD

* Pl System installed in 2002
* Originally:
Pl Historian used primarily as a database for after-the-fact root
cause analysis
* Some reporting and dashboarding using DataLink and
ProcessBooks
* Use required active engagement and some knowledge silos were
formed

* 2018 — now: invest in Pl Visualization and Development

tools

* Initial Asset Framework based on Maximo Location Hierarchy

* Pl Vision & Pl Web API development

* Started with Generation Assets, but have enterprise-wide goals
* AMI pilot with AVEVA Pl and PowerRunner

@
&

CHELAN COUNTY
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Water Rights Monitoring

Challenge

Visualize real-time water pump
information and cumulative
flows

Improve business reporting
process from monthly Excel
spreadsheet

Pumps have Pl Tags already
Incorporate field device and
water rights metadata

Solution

Pl development intake process
Use Pl AF to standardize data
Leverage Pl AF templates to
speed up development

Create PI Vision display for
enterprise-wide monitoring
Asset/context switching
simplifies display development
and interface

Pl AF attributes for Pl Tags and
metadata

Benefits

Site managers can monitor asset
performance and identify
problems real-time with PI
Vision display

Tech shop can quickly detect
data quality issues

Streamlines data reporting
process to WA Dept of Ecology
Pl solutions are flexible for
future enhancements
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Pl (Water Rights Monitoring) Intake Process

Control System
Engineers worked

Prior setup involved WRPM created Business Intelligence &

Reviewed all initial PI AF

" water ) refreshing an Excel mock display as with WRPM to Data Analytics team work (templates, tags
file with a DatalLink example for desired i set up AF to leverage Pl plates, tag
Resource : P align current Pl L and attribute names)
Program connection to Pl tags end-product tag names Vision display
Manager
needed a S Business works BIDA develops Group reconvenes
more ) with CSEs on preliminary Asset to ensure business
ffici Determines Needs satisfaction and
efficient way e current state of Framework
to monitor esires alter as needed

data structure

\_Wwater pumps

BIDA finalizes
display. IT moves
AF and display to

production

IT manages Pl tag name
changes that impact AF

preliminary Pl
Vision display

display and gives
feedback

Business tests : BIDA develops

IT adds new data assets ~

to AF BIDA works with Additional features such as AF structure

business in annual limits, water rights enabled use of
development while numbers, and monitoring Context
IT maintains in device info added as AF Switching
production \_ attributes )
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File Search View Go Toocl: Help

Water Ri ghts AF e D e S
Structure and Display | *%& e s K5 s i et v

lﬁ.ﬁ.’GE

b (@ COPUD Metrics B
t (§ Columina River 2t me B pame & Vale
¥ [ Distribution
- @ Fre Weather B Ll Category: <hone>
I - [ Ga ben fes i "
* Create AF Templates for | S p = [Jowenc  Joneas e
, , |- g Trmme;m m il Element Name Beebe Bridge Irrigation
= (§ Water Rights
Water Usage Type’ and | e ® ) B | o 556105 gl
‘ ’ B R i Wio s |@nsn 458,16 US galjin
Water Pump : |- B Rocky Reach Desp 2 [ ] 2] Flew Rate Limit gal fmin 3868 US galfmin
I § ’ & Steheldn Ultrasonic
. — @ Hatchary ] ® & Total Anrual Flow acre-ft 6.1121 scre ft
* Collaborative field naming | ae= @ |7 B | Towmairongskes | 196Es06150s
| 5 - & m&mwm L 2| Total Annual Flow Limit aoe-ft Traoe ft
. . I I : g B 2] Water Right Number 53-21145
® _ [ [~ Chelan Falls Irrigation
Attributes are flexible. Add | | B o R
| | k- @ Confluence Seuth

text metadata, tags, and =

& Daroga Group Camp

numeric values [ o
. | |~ @ Kby Bilingsley Imgation Vault 1
1 . | = @ ¥rby Bilingsley Irrigation Vault 2
* Change unit of measure | 8 antedmg
1 : ' | |~ 69 Uncoln Rock Imgation 3
without using another Tag | Fgmiotnsn,
* ﬁ' Water Wastewater
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Pl Vision - Water Rights Monitoring

Parent attribute context switching using Both button sets are ‘collections’ which display all
‘Water Usage Type’ template buttons matching template types in the defined search criteria.

Generation Hatchery Water Wastewater

Flow Rate (gal/min)

Beebe Bridge Domestic
G4-31247

Daroga Master Domestic
G4-20544

Flow Rate Elow Mas Beebe Bridge Irrigation

Flow Rate Flow Max

0 US galimin 24393 US galimin 51.347 US galimin 52,588 US galimin 53-21145

Graphs

Water Usage Type Data PLC
Co n teXt Beebe Bridge Irrigation Kirby Billingsley Boat Launch Paarker SR “Jf BH Fals WE"aFIEId
53-21145 G4-27413C I\) i) S h OW
. . Flow Rata Flow Max Flow Rate it ~— |
270,88 fimin 313.64 US galimin 0 US galimin Flow Ra*. - Total Annual Flow gallons
SWItChIng Of —_ o - 270 6 US galimin 4,446,421 US gal

both tags
CE4-5WCTT85
e e and
Kirby Billingsley Irrigation Vault 2 ¥ Total Annual Flow acre-ft m a n U a I Iy

G4-20517

Kirby Billingsley Irigation Vault 1

centered St moser
detail and e e
graphs S
leverage

attribute a"g”f: —
switching

Rocky Reach Discovery Center In., ~ton 71775 .
Flow Rate Flow Mazx N o0 "I T R N T T 1 O T T ' T N
0 US gabimin 316.03 US galimin Lincoln Rock Imigation 3 A ) e n te re

Lincoln Rock Irrigation 2 .
e Total Annual Flow (acre-ft)

Ny — - . 1
I;:_‘;::E:d‘ Irrigation 1 Lincoln Rock Imigation 1 o n u m e r I C

Kirby Bilingsley Irrigation Vault 2

Flow Rate Flow Mazx

0 US galmin 48764 US galimin Kirby Billingsley Imrigation Vault 1 : o g " : . a tt r i b U te S

Kirby Bilingsley Boat Launch

Lincoln Rock Irrigation 2 Daroga Master Domestic
G4-28862

Flow Rate
0 US galimin

Flow Max
457.32 US galimin Daroga Day Use

Daroga Athletic Field

buttons at the Poutie e
‘Water Pump’ —
level joume e

Lincaln Rock Irigaton 3 Confluence South
G4-28862

Flow Rate
0 US galimin

Flow Mazx

Chelan Falls Irigati
595,20 US galimin e ety

Beebe Bridge Irigation
Beehe Bridge Domestic

Daroga Group Camp
G4-30152

Flow Rate Flow Max
178.75 US galimin 268.8 US galimin

\\SERVER\CCPUD\CCPUD\Water Rights Beebe Bridge Irrigation | Flow Rate AV=VA

Rocky Reach Discovery Center Irrigation

- -
ElE U G/28/2021 821/2021 10M62021 12112021 2W2022 4212022

Flow Rate
0 US galimin

Flow Mazx
408,68 US galimin




River Elevation Modeling

Challenge

* Make an app that informs
Columbia River and Lake Chelan
users of changing conditions at
boat launches and beaches

* Centralize public data
distribution

* Leverage realtime Pl data

* Apply data science and analytics
for accuracy

Solution

Evaluate current reporting and
analytic solutions

Use Pl AF to standardize data
Leverage Pl AF templates to
speed up development

Create Pl Vision display for
enterprise-wide monitoring
Develop Pl Web API portal for
public data

Benefits

provides more
information for our customer
owners
Enable realtime monitoring of
river and lake conditions (boat
launch water levels, flows,
temperatures, fish counts)
Pl solutions are flexible for
future enhancements
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https://www.chelanpud.org/about-us/app

River Elevations by Mile
Background

* Data Goal: leverage flow and elevation sensor (5) data to
develop a model for river elevation - depth of water at

boat [aunches and beaches

* Already have backwater curve profiles: engineering studies
of expected elevation for multiple steady flows

 Sensor data was dirty (the sensors were originally meant
to be temporary)

* How to interpolate elevation of 20 miles of river?
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Tailwater Elevation (ft)

River Elevations by Mile
Exploratory Analysis

630-

625-

620-

615-

Rocky Reach Flow and Tailwater Elevation

100

260
Total Flow (kcfs)

River Elevation (ft)

605~

 Read what others have done

Rocky Reach to Rock Island

Jan 2018

Apr2018

River Elevation (ft)

614

* Summarize and plot data and look for
patterns and correlations

12:00

Jul 2018
Date

Rocky Reach to Rock Island
September 13, 2018, Noon to 11:59PM

Fezk Lag Time

Confluence Park Boat Launch Elevation and Rocky Reach Flow

River Mile and Peak Cross-Corrleations &
Lag Times and Correlations - Cubie Spline with 3 degrass o freadam

Lnw 557
[

thiertront
09976

orfluence
09875

River Wile

Rocky Reach Tatal Flow (kefs)

Confluence Park Boat Launch Elevation and Recky Reach Flow

Measure
47351 tw

468.7 conf_launc

Elevation (ft)

466 riverfront

461.5 hydro park

4535 1i_hw

N%%
! ! I Rocky Reach Tatal Flow (kefs)
1500 1800 00:00
Time Cross-Correlation between Rocky Reach Flow and Confluence Elevation
‘ 400
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4735m_tw _,.-"' .""-‘._
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Oct 2018 Jan 2019 Lag Time (min)



Rocky Reach Backwater Curve

Rive_r Elevations
Modeling

* Exploratory analysis and statistical

T Elevations Between Rock Island & Rocky Reach
M M 2704 4750  4B0.0 4850 4900 4950  S00.0 0 100 Flow in KCFS

modeling are helpful, but you can only fit =

Mile 50 100 200 390 464

&—GOK — 0K 120K 300K —@— 500K 4534 5130 5130 8130 813.0 813.0

a model where you have data

460.1 513.1 5135 6146 6186 5205

B 463.6 5131 8137 6157 621.5 5242

* Back to the backwater curve profiles me o el ol oul o

4726 5139 616.0 6216 6322 636.0

Rocky Reach Backwater Curve
735-

To go from a static analysis in Excel to
production model in Pl you need to:

* Create reference/lookup tables .
* Setup necessary inputs o
* Calculate the output

* Templatize your work to speed up the

process I S I AVZVA




Rl Pond - River Elevation Estimates

. . . General Table  Define Table Version
C— Rounded Elevation Analysis (lookup nearest 4 points to current o1 Por - River Elevation Estimatee
location and condition): Filter
. . SELECT [elevation_estimate] river_mile  river_flow  elevation_estimate

R|Ver Elevat|ons FROM [RI Pond - River Elevation Estimates] = ~ =
. WHERE [r‘iver‘_mile] = 468 100 614.9794372
N Pl @[ |River Mile|River Mile Rounded Down ;UOM=mi] %8 |10 617.1076523
. 468 200 519,2358974
AND [r‘lver‘—-Flow] = 458 250 621,4443995
@[ ..\ |Rocky Reach Total Flow Rounded Up to 468 300 6236529015
Nearest 50;UO0M=k ft3/s] %8 30 6258614035
458 400 528, 2085932
458 450 631.1105336

Elevation Analysis (weighted average of 4 nearest points): e ° oL
409 50 ©513.5538462

'..|Rock Island Headwater Difference From Max’ G;""‘ 5‘“";_ e Fo _T":; :'F < ~ : 122 ::_z:z::

+ Database [5 Query Date = (U L3 Back 1 Check In . :

( 'Elevation|Rounded Mile Down Flow Down Elevation Estimate’* Elements POI 468.3 (Horan) - = e
'River Mile|River Mile Rounded Down Weight~’* B & || Ganeral | Chid Bunarvs| Attt s o c2 253713
'..|Rocky Reach Total Flow Rounded Down Weight’) b @ aGc |;’?:*“"““'“““‘""*"' g poos ey

+ . . . . g Eiﬁ:::;: . 409 400 929,3090783 e

( 'Elevation|Rounded Mile Down Flow Up Elevation Estimate’* U @ et i [¢t/m/# R vame P 450 6320724155 |
'River Mile|River Mile Rounded Down Weight’* | 5 0 RocIsndPond 8 L Category: tone>
(1 - '..|Rocky Reach Total Flow Rounded Down Weight’) ) ¥ W= oy 5 | Desripton T atiribute ...

+ | | [~ @ Porass B|s @4 | F Eevason 612,12 f

( &ElevgﬁionIRﬁll’J?dTg.MileM{Jrl) F%OW BO\é\InDEleVba\'tJ:.OEtllfizimate’* . . gﬂ:ig £l 11 Rounded Mie Down Fiow Down Elevation Estmate | 613,48 ft

- iver Mile|River Mile Rounde own Weig { | |- @ porasr P R T
'..|Rocky Reach Total Flow Rounded Down Weight’ ) || fE : i“mmf_:!m!m; cerzreg ’-*‘1:::::

+ E ﬁmﬁu W A 1 9

( 'Elevation|Rounded Mile Up Flow Up Elevation Estimate’* | @ roree S R o el o Sl 615,15t
(1 - 'River Mile|River Mile Rounded Down Weight')* || e B 8 |l RverMe 468.3m
(1 - '..|Rocky Reach Total Flow Rounded Down Weight') ) L @ rorse ® | (] River Mie Rounded Down 468 m

|| g:{:’; = 1| River Mie Rounded Down Weight 0.7
{== (5 POL 465.1 m 1] River Mis Rounded Lip
[ @ POl %6
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4735 - RR Tailwater

River Elevations =

Deploy, Monitor, Adjust

Rock Island Pond River Miles

453 4 - Rl Headwater
61053 ft

Kirby Billingsley

rr_flow_30m_avg kirby_dif ri_hw_30m_avg
0.015-
5 o o
Corr. : The model was not aligned with one boat
. 'g
o208 : launch fter a chat with a subj
0.005- )
2 aunch sensor, so atter a chat with a su jECt
tt tl lyzed the data and
' dj d the model
TR Corr: g a Juste the moadel.
0.373 2
Im(formula residual ~ hw_diff + rr_flow_30m_avg + I(rr_flow_30m_avgA2),
data = df)
613-
residuals:
= Min 10 Median 30 Max
612- Ig -0.94224 -0.13197 -0.00917 1.29227
w
,5 . coefficients:
611~ & Location Error t value
o ence (Intercept) 3 -02 -18.02
hw_diff . . -61.50
160 200 240 K 611 — riverfront rr_flow_30m_avg . 266e-04 26.05
c i I(rr_flow_30m_avgA2) -1.438e-05 .183e-06 -12.16
5 irby
?;616_ signif. codes: 0 "#=*=' (0.001 '0.01 %' 0.05 .7 0.1 "1
i Data Source
— Dk Name Expression Value at Evaluation  Value at Last Trigger Cutput Attribute
----- del
mede Standard |'..|Rock Island Headwater Difference Fr B12.6 ft 6126 ft Map ®
Adjustment |-8.6753 - @.2484*'..|Rock Island Headwa 0.30836 030836 Map ®
&147 Final Standard+Adjustment 612,01 ft 612,91 ft Elevation ®
L}
1 1 —_—
Jun 17 12:00 Jun 18 12:00 AV f— VA

Date




River Elevations
In production: Internally (Pl Vision) and Externally (via Pl Web API)

provides more information

for our customer owners

O ;Iv\;ision

Chelan Falls Park
Daroga State Park *

@ Boat Launch Elevations

Beehe Park

503.7 - Beebe Bridge

503.7 - Beebe Bridge 468.8 - Confluence i
612.1 1t o
6
7
)

N " 61 23 feet

WENATCHEE
Kirby Billingsley Hydro Park RIVERFRONT
SUZ.S;OC;:]:" Falls 466.26—1:igirfmm Boat ‘\-'\f(}'] ‘,}\‘ fEB\?E\i'_E SEA
- Launch L1
We~

462.9 - Kirby Billingsley
611.7 ft

LAUSCH TYPE ::?ﬁ gmp m:-;:a:E B
1 concrate gamps 10H AT EN
S P eeaarn. OF BAbP

gl L B03AST. (AR

Wenatchese Confluence Park *

483.4 - Orondo
705.0 ft

474.3 - Lincoln Rock
705.0 ft

Wenatchee Riverfront Park
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https://www.chelanpud.org/about-us/app

Pl Value Analytics at Chelan PUD

©

Challenge

* Broaden operational data
access and visibility

* Leverage existing
investments in systems

* Stay flexible with solutions

* Emphasize safety and
security

%

Solution

* Leverage investment in the PI

System
Pl Archive, Pl AF, Pl Web API,
Pl Analysis Service, Pl Event
Frames, Pl Notifications,
Pl Vision
* Modernize technology and

reporting solutions

Pl Benefits

* Defined time-series data
strategy

» Speedy analysis and results
* Templatized data modeling
* Centralized displays

* Data-driven decision making
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Peter Vanney

Data Analyst, Hydro Generation

* Chelan County PUD

* petervanney@chelanpud.org
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! .

Questions?

Please wait for the microphone.

State your name and company.

Please remember to...

Navigate to this sessio the mi
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