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INTRODUCTION
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Duff WTP Project Backgro



~

100 Years
MEDFORD
= 140,000 customers in Medford and surrounding WATER

communities

Background - Medford Water

= Two sources:

— Duff Water Treatment Plant, Rogue River (45 mgd)
— Big Butte Springs (26.4 mgd)

= Capacity: 71.4 mgd nominal
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Background - Duff Water Treatment

= History and capacity: s
- 1968 15 mgd =
- 1964 30 mgd 233-2010
- 1999 45 mgd igiz-zou \

- 2017 65 mgd

Solids ‘_
Lagoons y Solids
Lagoons
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Project Goals

%Expand from 45 to 65 mgd
ik Provide 23 mgd seismically resilient capacity = e, =

Short-term Process New Filters, Reservaoir,
Improvements at Duff Pump Station, Transmission
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Demand and Capacity Projections (MGD)
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FLOCCULATION /
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Duff WTP Expansion to 65 MGD

3 MG
% Reservoir

Electrical
Building
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Key Challenges and Opportunities

Challenges

New SCADA system
and operator
training

Operation of
multiple reservoirs
and pump stations

Operation of new
filters in parallel with
existing

Opportunities

Develop operator
training simulation

Reduce diurnal plant

flow variations

Reduce reliance on
older, less efficient
filters
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Managing Reservoir Level REERSEEIERIETE

effluent flow

Historical Operation
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Plant Flow at

Managing Reservoir Level REERSEEIERIETE

constant rate

effluent flow
Historical Operation Future Operation
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Digital Twin

Is Every Model a Digital Twin?




Defining a Digital Twin

A digital twin is a dynamic digital representation of real-world entities and their behaviors using models with
static and dynamic data that enable insights and interactions to drive actionable and improved outcomes.

O\do\c/o ;l': SMART WATER NETWORKS FORUM

_SECURE
e AND iy
. LA CONNECTED I
Physical Digital | uTLiTy E
System Twin g

User
Sensing / Control ’ Data Collection and Sources | Data Integration Analytics Visualization | Cxperience

What-if Scenanos

|

Sensors Business & Attributes Data Data Data Driven Simulation :
Pressure, temperature, Operational Spatial ingestion Management Models and Decision Real-time :
flow, etc. Systems Tensactional gnd ’ Machine learning,  Support Tools Performance :
LIMS, CIS, GIS, CMMS, integration Al etc., Dashboards :

Actuators CAD/BIM, etc Temporal _ '
Hydraulic, electrical, Physics Based R :
mechanical. etc Automation Models »/*tl,gth' ]n‘t:( by :
ad d st Systems Hydraulic, S :
vanced Monitoning  gcapa, telemetry, ete. biological. etc - '
loT, AMI, edge (static and Mobile Alerts :
devices, elc. dynamic) :
Advanced :

Automation i

. v . . |

—o Actionable Results Optimized Performance Informed Declisions ===—=——=rrrremeenees
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Defining a Digital Twin

Two core digital twin focuses: (1) operational/behavioral support and (2) physical/asset representation
for construction/utilization optimization
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The Solution




REPLICA is Jacobs' suite of
software for digital twins

» Developed for >20 years

= Capabilities across the project
lifecycle

= Built on a foundation of domain
knowledge, computational power,
data connectivity, and intuitive
interfaces

Resource
Planning & Risk

Monitor PLANNER Feasibility
and Train Analysis

iestand PROCESS N
Commission Optimize
PREVIEW PARAMETRIC
DESIGN
Design and Evaluate
Construct Alternatives

Concept Design

https://www.jacobs.com/insights/digital-twin-technologies

21
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Replica Operations

Process

Track components (Water Quality)
— Treatment processes

— Separation

— Reactions
Linkage

- SOURCE

— Dynamic Pro2D

COMPLETE DYNAMIC PROCESS | AIR
PROCESS MODEL

Hydraulics

Move fluids through system
Pipes
Pumps
Valves
Storage
Channels

Air
* Model compressible fluids
through system
— Blowers
— Conduits
— Valves

Controls

» Drives system operation
— Measuring devices
— Transmitters
— Control Algorithms
— Controls Tuning
* Linkage with Control Software
— Rockwell
— Ovation
— Siemens

gl oo

CONTROLS

HYDRAULICS

T
CaT n—EVEL_SP

PID CONTROL

LEVEL_SP —F5F oV
RE-LIT —FHuy

WA

Mede

() Watwell 1 3r-R-D1 AN

24VEDE 247100 24-RW-DI
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How Was the Replica Model Used?

DESIGN - Equipment Sizing & Selection

» Hydraulic Analysis

- Control Strategy Development
« Energy Optimization

» (Gas System Analysis

- Operational Analysis

Theoretical
E EEEEEEEEEEEEEEEEEEEEEEEEETSR

CONSTRUCTION :IIIIIIIIIIIIIIIIIIIIIIIIIII J\ledE“

‘ » Controls System Testing
FACILITY STARTUP - Operational Analysis

» Operator Training Simulator

OPERATIONS - Hydraulic Analysis

« Control Strategy Development
« Energy Optimization

- Control System Testing

» Operational Analysis

» Operator Training

» Real-Time Operational Support

©Jacobs 2024




Transition from Model to Digital Twin

DESIGN - Equipment Sizing & Selection

» Hydraulic Analysis

- Control Strategy Development
« Energy Optimization

» (Gas System Analysis

- Operational Analysis il U‘—’JE

Theoretical =
CONSTRUCTION ..".:... Model v ‘@

‘ « Control Strategy Development
FACILITY STARTUP - Controls System Testing
+ Operational Analysis
+ Operator Training Simulator

OFFLINE SCADA
SCREENS

OPERATIONS « Hydraulic Analysis

« Control Strategy Development
« Energy Optimization

- Control System Testing

» Operational Analysis

« Operator Training

» Real-Time Operational Support

. . Emulated PLCs

©Jacobs 2024




Model Overview — Main Interface

- P FACILITY 35 - NEW FLTERS
vacobs @50 repuica —
Robert A. Duff Water Tre atment Plant
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Model Overview — Hydraulics Filter Example

o= I
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Operator Training Tool Exa



A ExtendSam Analysis RunTime Version [DUffWTP_10232023 w40, mox) 0 Your omkiver s being contioled by Jaxkuon Corley @ v - [} x
e &t Ly Model Uatabase Devdlop Hun  Window lools Help

Y& XEBRec QQ QR BV "ol € ® 55 rE oy B/l UE 7 aa oz o
q ® I D 10232023 vd0.mox” = e |
| Worshest Faes 0 RW (3 +|
= - User Inputs FACILITY 35 - NEW FILTERS -
w || Jacobs @EEH reruica _ Vo
Start PLC Connection 3 it
& | | RobertA Duff Water Teatment Plant Sconarlo. [EEEET ! i
& | | Medford Water Commission 0:) °l e f
yie City of Medford, Oregon Constant Demand Flow (MGD) :
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E14PLC Connocion

mREE | 111777

Omgd
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NI » _
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Next Steps




Key Challenges and Opportunities

Challenges

New SCADA system
and operator
training

Operation of
multiple reservoirs
and pump stations

Operation of new
filters in parallel with
existing

Opportunities

Develop operator
training simulation

Reduce diurnal plant

flow variations

Reduce reliance on
older, less efficient
filters

©Jacobs 2024



Next Steps

Commissioning
Summer 2025 and

AOAG

Updates to the
model

Consider other uses
for the tool

Train operators on new filter
facility (2025) and with new
reservoir/FWPS (2026)

Incorporate distribution elements
to model the entire system

Demand projection




Jackson Corley

\
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kson.Corley@jacobs
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https://www.instagram.com/jacobsconnects/
https://www.facebook.com/JacobsConnects/
https://twitter.com/JacobsConnects
https://www.linkedin.com/company/jacobs/
https://www.youtube.com/user/jacobsworldwide

Operator Training Case St



Command  Windows

HMI

Training Event
Filter_Flow_Meter

Flow Condition

Model Controls

Add New Note

Simulation Speed
dx Speed

Duration (Hours)
0.6

Progress

Help

CJO Plant Simulation

Training Scenario Definition

Model Selection MWC_Operator_Training.mox
Training Event Filter_Flow_Meter
Flow Condition Average_Day

Description
Simulation of erroneous flow meter data for one of the filters.

Event List

Training Notes

Add New Note

View Note

Remove Note

Open Selected Scenario . =
r Scenario Operator Trainer
all - all all v
Timestamp Sim Step Scenario Trainee Trainer Title Description
2023-09-29 15:... (864.0 Filter_Bac...|ackson Mark This is a test [note
" v 2023-09-29 15.... [864.0 Filter_Bac... || essica Mark This is a test [note
Close Simulation Software - s
2024-03-07 09:... |4549.0 Filter_Flo... [Jackson Corley (Mark Operator .. [Thisisatest
2024-03-28 18.... |258.0 RW_Pum... {john Doe Mark Operator .. [Thisisan example note...

Event_ID
Filter_Flow_Meter

Event Type
|C0mmunicati0n

Equipment_ID
FCSFIT761_F8

12.0

Time_SimSecs
2,000

Value
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Summary of Scenarios

36

Scenario
Number

Description

Historical
Flow Date

Total CFE Flow

Range

Total FW
Flow Range

Purpose

Demonstrate new operation of a
shoulder season day flow. Filter

1 ﬁlhoulder >eason, Agglzgh 17.5 MGD 17\;\8[2)1 flow can be constant while FW
ew (constant) flow varies. Only new filters
needed.
_ Demonstrate historical operation
2 ﬁgr{er?t Pleak Day, J;%IZZOZ, 36 - 44 MGD 3,?/\(334 of a peak day flow. Filter flow
IStorica matches FW flow.
_ Demonstrate new operation of a
3 ﬁurrent Peak Day, J;%IZZOZ, 41.4 MGD 3’3\634 peak day flow. Filter flow can be
ew (constant) constant while FW flow varies.
Demonstrate maximum flow
scenario. Filter flow can be
4 Future Peak Day NA ((?07”’;2;51) 5;;\ G[7)6 constant while FW flow varies.

Show impact of backwash while
four new filters online.

©Jacobs 2024




Model Overview — Controls Filter Example

Remote Manual - Remote Auto Controls

‘J [4314][496] C02-Recipe Controller < DuffWTP_IC_2021-06>

RECIPE Vale Main Backwash Triggers
ValveCode (1f, FILA
CONTROLLER e A ~
Modeln Mode Pﬁalvegoge (— ValveCode e Recipe DB Mame |MNewFilters
LevelTrigger— | Level mp Code i
StepTrigger — 19_,@,, omn; *ivvv:,f:: *‘gx‘:;_: Mode |Backwash = Auto [ signal Reset on Simulation Start
ngger Output I 5 o
Mode Out [ —— ModeNum BWW_A . -
Fs FS _FEAA 0.00 Sec -
Turb S_tepout 'i ?‘”ﬁw __FEB_A Timein Current Mode (®) Time in Seconds () Time in Minutes
RunVol Runvol Time m;odtz e v Current Level 1260.3
FE FECV s Si“:' - Mode | Setup Recipes || Add Recipe |
DP DP 0 SHON MODE TABLE
Custom Modez Mode Name Lock Nexct Modes
T 1 BWQ 0 Step N
**Auto Filter Control Step Triggers** **Auto Filter Control Calcs** 1 2 Online [} ep Mame  MiA
2oz Backwash 0 4 ; 3
HighRateSPTrig 20D match with filter sequencer 2 3 Standby 7 Mode Rempe # ;
Y 4 5 Offii 0 Step #
LowRateSPTrg + | StmpTrgger ModeNum - .- - suB . s B inz : z . . .p
= > = [t : Time Remaining 0 sec
DECISION I Valve Code 2
ModeNum A yi— .
N LI AND | ighRateseTrg E Pump Code 0
c W High DIV Link Output1 D
o
— E)ECISIO:I = | FE_Flow_mga . Output2 0
5 g A8y FE_Flow_mgd—, RECIPE TABLE Save Recdpe | | Clear
DECISION
C ModeNum | A yih— T‘SIALRI,ZFARM RunVol Custom Mame Duration Level Trigger Valve Code Pump Code Cutput 1 Qutpur
2 A=B AND —F|Value ResultpF— T
DECISION > N = En 0 Close\alves NA 1263 3 0 o 0
BWS_Flow — A Y c K 1 Drrain to FTW/BW [] 1] [ ] 1] ]
P 1s A28 2 E Air Scour 120 0 7 0 ] 0
p Stnchisen DECISION 3 E Air and Water NA 12545 ] 1 3140 0
ey 2 [ PR, 4 E High Rats Was 300 0 3 1 2800 0
DECISION B i 5 EMid Rate Was 8 0 5 1 5880 0
ModeNum — A YE—{ ,, < | = L—Runvoia 6  EESW Wash Medi 380 0 ] 1 2540 0
> _dp 2By AND | LowRatesPTrg DECISION T W Valve Transit &0 0 5 0 0 0
o ¥ i MoeeNurz_ A aes YR o " o & W Air Scour 120 (1] 10 1] 1] 1]
s **npd 9 ? 9 W Air and Water NA 12545 12 1 3140 0
StepNum PECISIO:‘ e - [ > = [—Runvos 10 W High Rate Was 300 0 12 1 2800 0
B A*B y | p W Mid Rate Was 60 ] iz 1 5860 0
= DECISION 12 W ESW Wash Medi 360 0 12 1 2340 0
- Stpten—oofA oY 13 Filter Refil 0 12680.5 1 0 o 0
DECISION > N 14
BWS_Flow ——— | A Y c b
2000 A>B -
B N 18
C 17
it
DECISION 1
ModeNum ___| A y Js——] mor 20
7 A<B 21
sue N v
> 4 X b 2
—_— e 1 o~
: 0 ) 23
- ’g , 10 Result DP 4
i Time DIV )
. 26 W
DECISION SELECTIN > - P =
BWsBA—c|A | V[ ———]Sel  Out —Levelrigger Link | € >
=8 evelB — s
E N Lavalh Values W
< 4
DECISION Heb|[  |[Findme || defaultview v
FE A Y | 1
B 8N
£ SELECTIN
Sel

FE_Flow_mgd_eff

C 3o
37 FE_Flow_mgd— I ©Jacobs 2024




Start Up Benefits

‘_l [3198][337] C02-PIDE Control < DuffWTP_IC_2021-06> E’

Details Performance Motes

= Prevent on site re-programming as control oo
strategies have already been tested wose @ uio Ovars [ o

Algorithm (@) Positional () Velodity

Tuning Parameters

= Streamline PID tuning using model — b i
provided tuning parameters Integral Time [100 |SI|Reset | Integral -0.6272 [ Limit

Method (@ Euler () Trapezoidal
o . Derivative Time D 5
= Easily evaluate hydraulics or controls Oeagoang ] 1) zarocsssin

questions that arise during start up ContolParameters  Patamelrame Ui

Measured Variable |Flow | |gpm |
Controlled Variable |Va|ve Pos | |% |
Y Bias Cv
Set Point 9408 Max [12000
Measured Variable 0 L 100(+] 704
Errar Absolute 9408
Scaled 0.784
Deadband On 0

Controlled Variable 0 HEEE- 0 s o D o

Win | | | | |
Magnitude  Magnitude
| | [50 |

38 " ©Jacobs 2024
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