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Modeling 101 — May 14, 2014

Introduction to Modeling

» Speakers:
» John B. Copp (Primodal Inc.)
* Andrew Shaw (Black & Veatch)
* Peter Vanrolleghem (Université Laval)
* Leiv Rieger (InCtrl Solutions)
* Ken Brischke (MWH)

Modeling 101 — May 14, 2014

Introduction to Modeling

» Questions:

» What are the benefits of modeling?

* What is modeling?

» How do I structure a modeling project?
» What are the data requirements?

» What modeling pitfalls exist?

5/13/2014



Modeling 101 — May 14, 2014

Modeling Benefits

Andrew Shaw, P.E.
Black & Veatch

BLACK & VEATCH

building a Wor|d of difference

oo
A,

WATER'S up RTH IT

Benefits of Good Modeling

» Cost benefits
* Modeling for design
— simple applications
— more complex applications
» The GMP Application Matrix

» Conclusions

S
- -

WATER'S HIT
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Cost Benefits

* Modeling is cheaper than piloting

* Modeling is much cheaper than full-scale

 Try things in Virtual Space before trying it
in Real Space

$5k-$50k :> $50k-$500k $500k - ??7?
Model

Pilot Full-scale

1] Nutrient Control
. <EPA
* BNR design mms) Design Manual
° DynamIC models “...modeling is the recommended approach
i i for designing WWTP upgrades for biological
glve us maX/mm nutrient removal (BNR) because of (1) its
and averageS flexibility in enabling designers to quickly test

many different configurations and operating

— Blower sizing scenarios and (2) its ability to simulate

— Diffusers treatment performance under a wide range
— Pumping
» Sensitivity analyses

of conditions using dynamic modeling.”

5/13/2014



Simple Applications

 Sludge production
* Blower sizing
» Long-term performance

w'mr Environment
Federation |

STEADY STATE MODEL INPUTS:

PD/MM Load Factors: AA MM PD PH
BoD=] 15 Flowrate =] 9.7 10.4 18.0 | 33.0
TKN = 1.4 Temp = 17 25 25 25

DO = 4.0 3.5 20 | 20

WAS Flow, mgd =| 0.1300 0.2000 0.2000 0.2000
WAS Flow, m3/day =] 492 757 757 757
cobD=] 283 334 289 158
TKN = 24 327 26.4 14.4
Ammonia =| 19 22.0 17.8 9.7
XCOD/VSS ratio=]  1.80 1.58 1.58 1.58

BOD5/BODu =} 0.625 0.614 0.614 0.614

VSS/TSS ratio=] 0.813 0.784 0.784 0.784

Soluble fraction of total COD =] 0.503 0.452 0.452 0.452

Inert fraction of soluble COD =] 0.143 0.166 0.166 0.166
Substrate fraction of particulate COD =} 0.734 0.748 0.748 0.748
Ammonium fraction of soluble TKN = 0.93 0.90 0.90 0.90
Nin Inerts =] 0.034 0.034 0.034 0.034

BIRTHDAY CAKE =
60]days AA day #
15]days MM 60
1]days PD (with PH) 75
15]days MM 76
60]days AA 91
151 days total 151

5/13/2014
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More Complex Applications

Whole-plant modeling
Control development
Wet-weather impacts
Optimization

Wet Weather Impacts

Effluent TN (mg/L)
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«— Peak Day = 13 mgd

AAAAAAAAAAAAAN AAAAAAAAAAAAAAALAL

RAAAAAAAAAAAN ’\I"V'V"\J"\I'V'V"V'V'V"\J'V'V"\l"\l'\l'\l

N
Effluent TN without— ¢ = > Effluent TN with

Storm Flow Managment | v \ Storm Flow Managment
o A

Y ~
N2, U R AVAAA

Peak Day Recovery

0 7 14 21 28

Consecutive Days of Operation

20

115

10

Flowrate (mgd)

5/13/2014



5/13/2014

Optimization Using a Sensitivity Analysis

Step 1: Build a Model.

— Input basin sizes, wastewater characteristics, etc.

Step 2: Calibrate the Model.

— Does the model output match the plant data?

Step 3: Test the Model’s Sensitivity
— Choose one parameter to examine.
— Change the variable, run the model, record results, repeat.

« Step 4. Graph and Interpret Results
« Step 5: Use the Results!

Dissolved Oxygen Sensitivity

10.0

9.0

8.0 \
7.0 \

’ Total Nitrogen
6.0

Effluent Ammonia and Total Nitrogen (mg/L)

5.0

As the DO is raised, ammonia concentrations
4.0 d :

5 ecrease, but TN increases.

(more DO recycle to the anoxic zone, and less
3.0 \ simultaneous nitrification/denitrification)
2.0

g\Ammonia
1.0
0.0 T T T T T T
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Aeration Basin Dissolved Oxygen (mg/L)
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Horses for Courses...

» Need clearly defined goals for your
modeling

» Use model to answer your questions

» Use a model that's complex enough to
meet your goals, but no more complex

The GMP Application Matrix

Weighted Level of Effort [%]
o 10 20 30 40 S0 60 70 80 90 100

Design Aeration
et I | N
Develop a Process Configuration
for Nitrogen Removal

Develop a Process Cot ration
for Phosphorus Removal

Assess Plant Capacity

for Nitrogen Removal

Design a Treatment System to
Meet Peak Effluent Nitrogen Limits
Optimise Aeration

Control

Test Effect of Taking Tanks
Out of Service

Use Model to Dewelogtsludge
Wastage Strategy
Develop a Strategy to

Handle Storm

Develop a General Model for
Process Understanding

Develop a Site Specific Model for
Operator Training

Develop Nitrogen Removal for
Food Production Waste

Calculate Sludge
Production

Design
Overall Effort Level

Operation

Assess Acceptability of New
Influentata Petprt:che.tvxical Site

L]
3 Industrial | Training

-
a
&
S
E

Calibrationand validation
[ ]

u an
_ Plantmodel set-up
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Conclusions

Models are cool (and useful too)

Modeling is cost-effective

Models useful for simple calculations

— Dynamic models give more information on ranges

Models for more complex applications
— Sensitivity analysis is a useful approach

Match complexity to goals

BLACK & VEATCH Andrew Shaw, P.E.
building a Wor|d of difference Black & Veatch
ENERGY « WATER e INFORMATION « GOVERNMENT +1 (913) 980 6318
@andyrshaw2000
shawar@bv.com

5/13/2014
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Modeling 101 — May 14, 2014

Modeling Intro

Vanrolleghem Peter
modelEAU - Université Laval

e .'J L,\ Atk :
g o2l B UNIVERSITE
model ZAI g 1 AVAL

.

WATER'S -‘RTH m

 Definitions and terminology

» Types of models

* What is modeling?

* Why do we model?

* Industry-standard modeling protocol
» Design versus process models

~

WATER'S "_RTH I
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+ System
Part of reality that is separated from its environment
on the basis of a purpose defined by the researcher

* Model

An approximate description of a part of reality
considering only those aspects that are of interest

» Simulator (= Virtual experimenter)

Tool that allows efficient manipulation of a model
to gain insight in the “behavior” of the real system

» Steady state simulation

Variables are independent of time
because time is not considered in the model (steady state model)
OR the input to the dynamic model is constant (influent AND operation)

* Dynamic simulation

Variables are function of time
because time is considered in the model (dynamic model)
AND the input to the dynamic model is varying (influent OR operation)

5/13/2014
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Models take many forms

* Mental models (ideas, concepts, ...)
» Verbal models (“description in words”)

* Scale models (“house in cardbord”)

Model kit (1/72)
of the Lancaster bomber
of Florent Van Rolleghem

Models take many forms

* Mental models (ideas, concepts, ...)

* Verbal models (“description in words”)
» Scale models (“house in cardbord”)

» Mathematical models (“equations”)

 Different sets of equations, leading to:

Design models
Process models
Cost models
Influent models
Controller models

AN NN

5/13/2014
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What is modeling?

input data S— output dat
p—

(Thomas Hug)

. predict

. understand

. communicate

16



Why modeling?

Solving Problems for complex systems
System /\/\>/\ Optimized
under study System
Experimenting o
o) =
Reality c =
2 o
o £
o 2
Virtual = o
Reality £
Model of Simulating Solution for
the System the System

Model building: Starting points

* Purpose of the model

* Increasing understanding (Think tank)
« Summary of knowledge/data (Communication)
* Prediction of future behavior (Control)

* Prior knowledge
» Experience
» Existing models
* Literature (facts, phenomena, theories, ...)

* Data
» Existing data
~+ New data collected in view of model building

5/13/2014
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model building exercise
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Model
Validation:

Evaluate how the
model performs
to describe a
new set of data
(not used before
during modeling)

Evaluate whether
the model will be
fit-for-purpose

Modeling protocol

Define
Objectives

Data collection
&
Data evaluation

4

Model set-up

& i

Evaluation

/

N

~

Calibration
&
Validation

Simulation
&
Result
interpretation

5/13/2014
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Design versus Process model

» Typical use of spreadsheet design model

Influent
characteristics

Operating
preferences

Safety factors

Design guideline

=

| Effluent requirements

Design

Design outcomes:
- Contruction volumes
- Air blower capacity
- Pumping capacity

B P ISR B
e T =

e

Design versus Process model

Safety factors

S — .
P . L Design

1 h InﬂLtJer)tt‘ : Design outcomes:

: characteristics 1 - Contruction volumes
| Operating 1 - Air blower capacity

| preferences : - Pumping capacity

1

| Effluent requirements

7

| Effluent concentrations |

5/13/2014
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Conclusions

* Models are:
— multi-purpose
— a summary of current knowledge
— cost-effective tools for solving problems

— easy to use thanks to
protocols that have a proven record

—included in industry-standard software

Modeling is a structured way
to capture and use

20



“Do not fall in love with your model”

Pygmalion

Models are and can be very useful,
but they are only an approximate description of reality

Procrustes’ bed:
(Greek mythology)

“Do not adjust reality
to the model”

Modeling should be done
with knowledge about the application!

5/13/2014
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Presenter contact information
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—

# UNIVERSITE

i LAVAL

Peter Vanrolleghem
Ph.D., ing.

modelEAU — Université Laval
Queébec City, QC, Canada

+1 (418) 656 5085
peter.vanrolleghem@gci.ulaval.ca

http://modelEAU.fsg.ulaval.ca

Leiv RIEGER, Ph.D., P.Eng.
INCTRL Solutions Inc.

£
inCTRL LW
SOLUTIONS
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» Sources of Information
»GMP Task Group
» The GMP Unified Protocol

s*Project Definition

s»Data collection & Reconciliation
s»Plant Model Set-Up
+»+Calibration/Validation

s»Simulation & Results Interpretation

Sources of Information
Overview

» GMP Guidelines Scientific & Technical Report

» WEF MOP31

e .
» ASM Scientific & Technical Report ==+
> WERF Methods for WW Characterization_ inAS Modeling

23
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Sources of Information
Overview

» Scientific papers

» Conference proceedings (e.g. WEFTEC, WWTmod, Watermatex)
» Simulator manuals

» Training courses

> ...

Sckewtfic waed Tochmical Report No. 23

Guidelines for
Using Activated
Sludge Models

VA Task Group on ¢
- Lakv Rt

Water Environment
Federation

24
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@ GMP Task Group - SUMMERY — GNP Task Groug of the Intesnational Water Asiocetion - Mesita Frehon = )
e L4 Yew Hglory fockmans ook Hep

B - C < o OB e ey | [49- A
8 SPHGHL OMUN - Mac. _ Redmine W - @ e oup - Sl W . M Langusge Tosk 4 Google 2 Google Catendar -

() GMP Tank Geoup - SUMMARY — Gal... | +

International IWA TASKIGROU .
Water Association  Good Modelling Practice
ines for Use of Activated Sludge Model:

VU are hares

| GMP Task Group - SUMMARY

= et
Website GMP Task Group:

https://iwa-gmp-tg.irstea.fr

Leiv Rieger (Chair)
Sylvie Gillot

Glnter Langergraber
Takayuki Ohtsuki
Andy Shaw

Imre Takacs

Stefan Winkler

T

|
1
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E i

BIOMATH HSG STOWA WERF

» Step 1: Project Definition

» Step 2: Data collection & Reconciliation
» Step 3: Plant Model Set-Up

» Step 4: Calibration/Validation

» Step 5: Simulation & Results Interpretation

26



The GMP Unified Protocol

Overview

The GMP Unified Protocol

Step 1: Project Definition

Problem statement |\

v k-~

Definition of objectives |

Determination of requirements |

!

PROJECT DEFINTION

No

From simulation and result
interpretation

If objectives are not met

5/13/2014
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The GMP Unified Protocol
Step 1: Project Definition

Interview Focus

» Client's requirements

= Which questions to be answered?
» Client’s restrictions

= Available data, budget, time...

g

Proposal

Objectives

Model boundary

Acceptable preconditions

Performance criteria (model accuracy, acceptable uncertainty)
Responsibility

Required data

Fixed budget

Revise

The GMP Unified Protocol
Step 2: Data Collection and Reconciliation

/—-‘ Understand the plant N
]

l Collection of existing data l

l Data analysis and reconciliation l
Planning of additional measuring S Calibration/validation
campaign(s)

Stakeholder
agreement

Carrying out additional measuring
campaign(s) and data quality checks

DATA COLLECTION AND RECONCILIATION

28



The GMP Unified Protocol

Step 2: Data Collection and Reconciliation

PROCESS MODELS:
jological
Physical - Chemical

RAW TREATED
SEWAGE EFFLUENT
— PRIMARY
SETTLER h BIOREACTOR SECONDARY
SETTLER
&

<

RESIDUAL
y SOLIDS SoLins
PROCESSING >

PROCESS
CONFIGURATION:
Flow Routing

Unit Sizes

PROCESS
OPERATING CONDITIONS:

Recycle Rates
Control Set Points

The GMP Unified Protocol

Step 2: Data Collection and Reconciliation

Data requirements determined by objective:
> Long term trends

"~ BloWin Album

BLL Mixed Liquor Solids

—BLL 6xP3 TSS
© Average MLSS
—BLL 6xPIVSS

i

CONCENTRATION (mgiL)
E

BLL P Flows rd COD | BLL cB00 and N | F1 755 | befl Loading | DLL PST 755 | PE COD | FE 60D | PEN s0dP| Temo [ Mined Liguor | EMuent B Ea|r

5/13/2014

29



The GMP Unified Protocol

Step 2: Data Collection and Reconciliation

Data requirements determined by objective:
> Diurnal Variations

[ rre———

Train #1 - Ammonis at Asration Outiet

The GMP Unified Protocol

Step 2: Data Collection and Reconciliation
Example: Visual data check

180 Inlet flumes total
] — PEDC total
160 e ODSS Total flow
140 » .
120 J
3 100 o »* il
=3 1 L4 > PY
é 80 3 LY : |' — I. )
60 3 L
] [ ]
08
0] & Design studies
01 started

A PR )} o %
b % Y B % % % % N %% % %

6 % % K X S
owqov%‘%voc\%é\%\%‘%*‘%x%’

» Underestimation by -259%°

5/13/2014
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The GMP Unified Protocol

Step 2: Data Collection and Reconciliation

Example:

Typical ratios

A C D E F G
1
2 Date Flow | TSS VSS VSSITSS BOD
3
4 Average 1924 169 | 145 0.84 155.7
5 |Std. dev. 38.2 98 89 0.07 49.4
5]
7 |Minimum 1094 34 28 0.50 50.8
8 |Maximum 385.0 896 800 1.10 4266
9 |Std. dev. Mult.| 196 196 | 196 1.96 1.96
10
11 01/01/2002 12992 292 320 @ 208.3
12 02/01/2002 131,61 184 | 156 o 2087
13 03/01/2002 132.26 88 70 0.80 1316
14 014/01/2002 109.39 76| 240 091 47
15 05/01/2002 144.89 212 | 180 0as 2231
16 06/01/2002 204 53 126 a0 0.63 164
17 07/01/2002 177 .86 82 B4 07s 127
18 08/01/2002 17062 138 104 078 1448
19 09/01,2002 168,44 148 102 0.69 1375
20 10/01/2002 164.43 ag 84 086 9645
21 11/01/2002 186.43 1e 102 086 171
27 12/01/2002 167 .2 122 110 090 170
23 13/01/2002 165.96 148 114 077 162.2
24 14/01/2002 169.03 k2 238 091 1916
TR A5 NN TR 13 1772 TR rneR 1794

The GMP Unified Protocol

Step 2: Data Collection and Reconciliation

Example: Mass balance

P balance (kg-P/d)

207 | Grit

—— chamber

207

P-in
P-out

=207

=132+10+0

=142

Activated
sludge tank

:

—
Settler

—+{- 10

=>» Contradiction 45%

Thickener

L

De-
watering

132

\Water Enviranment

Federation

5/13/2014
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The GMP Unified Protocol

Step 3: Plant Model Setulp

f | Plant layout selection \

—'| Set up sub-model structure |

Connect plant model to databases and
files

¥
| Prepare (output) graphs and tables |

| Check plant model |

v

PLANT MODEL SET-UP

Stakeholder

| Yes
v

-

The GMP Unified Protocol

Step 3: Plant Model Setup

_______

simulator (software)
model

sub-models
(e.g. hydraulics, biochemistry,
sensors, controls, operators...)

Hug, 2007

5/13/2014
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The GMP Unified Protocol

Step 4: Calibration and Validation

Refinement of the stop criteria and
validation tests

[ Initial run of the model |

y

e =
1 1
Iz
5

CALIBRATION AND VALIDATION

Iz
&5

1
1
1
Plant model set-up -4

Stakeholder
agreement

The GMP Unified Protocol

Step 4: Calibration and Validation
« BNR Calibration Procedure

1) Hydraulic model (tanks in series)

2) Influent characterization

3) Sludge production (first COD then TSS)
4) Nitrification

5) Denitrification

6) Phosphorus Removal

Iterative procedure!

5/13/2014

33



The GMP Unified Protocol
Step 5: Simulation and Result Interpretation

|
i

—] Define scenarios ]\
v

Set up plant model for scenarios

'

Run simulations

I

l l
[ l
[ rresentondinterpretresus |
l l

‘

Reporting

SIMULATION AND RESULT INTERPRETATION

Stakeholder
agreemen! t

=
3
4
-]
S
i}
2
- o
5| 2
2
5
a
@

The GMP Unified Protocol
Step 5: Simulation and Result Interpretation

Set up and simulate scenarios that answer
guestions laid out in objectives

» Steady-state simulations
+ Overall mass balancing
* Long term performance check

= Dynamic simulations
* Diurnal peaks — to determine equipment limits
+ Controller design
» Seasonal changes — long term operating strategies
+ Storm events — optimal handling

5/13/2014
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The GMP Unified Protocol

Step 5: Simulation and Result Interpretation

Documentation
— Repeatability
— Make quality evaluation possible
— Should contain all major agreements with client

— Should contain all used data, assumptions,
parameter sets, etc.

Detailed enough to allow other modelers to
come to the same results

Conclusions

» Models capture existing knowledge and
experience in a structured way - no magic

» The GMP Guidelines synthesize best industry
practices

» Modeling and simulation guidelines help:
«»estimating required data and efforts

«»ensuring quality standards

«»prevent typical pitfalls

5/13/2014
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Presenter contact information

Leiv Rieger i“cTRLiw

Ph.D., P.Eng. SOLUTIONS &

inCTRL Solutions Inc.
Canada

Email: rieger@inCTRL.ca
Web:  www.inCTRL.ca

Modeling 101 — May 14, 2014

Data Requirements

John B. Copp Ph.D.

Primodal Inc.
Hamilton, Ontario

)

J 3 / Primodal

‘, Earth Essential Technologies

5/13/2014
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* How much data?

« Data Types

» Data Sources

« Data Frequency

* Project Dependency
« Typical Plant Data

Common Question

* Very common question:
— “How much data do | need?”

» Short answer:
— “Depends on your model objective.”

37
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Data Purpose

« Why ?
— Primary purpose of the data to reduce model
uncertainty wrt the question being ask of it.....

i> — B
> |out#2 )

Data Purpose

* Model Uncertainty

— Derived from the confidence that the predicted
mass balances are correct ...

f> e
> |out#2 )

38



Data Purpose

 Model Confidence

— Increased when reconciled data can be matched by
the model predictions

Does In = Qut ??

i> —>:ow#1>
Out#2 )

Data Uncertainty

» Less data = greater uncertainty
BUT, more data # better

» Cost of data acquisition/handling vs
implications of application

5/13/2014
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Physical

— tank sizes, connectivity

Operational

— controllers, RAS and WAS rates
Composition

— influent quality, MLSS, effluent quality
Mechanistic

—yield, growth rates, etc.

Physical

» Unit processes sizes

INFLUENT | » l J BsM1
WRSTEWATER > 4= 4 ¥ ¥ i
| [eesd [Besss [heet

40
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Physical

* Unit processes sizes  Activated sludge process

- tank sizes
- aeration grid information

Primary
treatment

a
Sludge stream process

Operational

* Flows & Logic

INFLUENT L L(J > ‘ BSM 1

WASTEWATER l v ¥ v v v 4 EFFLUENT
I [Fras™ [T > wH
: £ N—»cAs
L: &b sy

41



Operational

* Flows & Logic - Recycle flows
Bypass flows — /

b J
N el / |
I‘\

|T’+ +/'+ +A/"

VA

‘ WAS flows

L‘ﬁ! . SLUDGE for
/ Y\\ /T_' I

Aeration Sludge flows

Return flows

Composition (2 types)

» What is “driving” the system
— influent quantity and quality

+ System performance
— effluent quality

5/13/2014
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« Water Quality

WASTEWATER

INFLUENT L L- (“_. 4

= Yy

» EFFLUENT

« Water Quality

MLSS
TSS, VSS, DO,

PO,, NH, (in tanks)

INFLUENT ) /
WASTEWATER b
\ ' [l

Influent '\ \

Flow, Returns
cop, Tss, | |12Sludge .
vss, TKN, | |Tss COD, TSS,
T r, TKN, TP,
4, PO,, NH,

Effluent

COD, TSS,
TKN, TP,
PO,, NH,

N

—» EFFLUENT

p SLUDGE for
DHISPOSAL

W_/-\S/

TSS

5/13/2014
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Data Example

 Sludge Production (steady state)
— Physical Data
— Average Conditions (maybe winter, summer)
— Flows and Influent Composition

Qi, Xi, BODi, CODi,

VSSi, Soluble COD xm

Xe, BODe

aeration tank

Qw, Xw
—>

Data Example

» Aeration System Design
— Influent diurnal variations in flow and composition
— Airflows and aeration system dynamics (blowers)

ﬁf\é/\&\/

Qi, Xi, BODi, CODi,
VSSi, Soluble CODi,
TKNi, NH4i

VAN

Influent Dyn.

emand Dyn. Req. O2 Supply Tank O2 Dyn.

Xe, BODe

aeration tank

44



Sources of Data

Plant logs (written, database)
—on-line sensors
— off-line lab results

Sampling/monitoring program
Plant personnel
Literature

» Depends on Project Goal
— Planning, design vs operation
— Steady-state vs dynamic

» Depends on Variable Dynamics
— Once
— Infrequent (monthly, seasonal)
— Daily (composite, grab)
— Continuous (in-situ, in-line sensors)

5/13/2014
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Grab Sample Data

* Typical Data
— Grab samples
— 1-yr time

2000

— Variations
* Time
* Weather
* Location
» Personnel

1500

1000

Concentration (g/m3)

o

o, 2,
3/11/2 3/4 220, :/"*’/ao 1/04/20 ’/bs,?

period i

—=-TSS

I,

Date

10, 23, 18,
/D’/en %o, 20,5 /10/2012

Grab Sample Issues

» Grab Sample Issues
— Behavior missed

— Trends

missed

— Events g * samples

missed

— Average

case missed - T VT | Y| L W
DA AR

5/13/2014

46



5/13/2014

Grab Sample Issues

» Grab Sample Issues
— Concentrations unrepresentative

— Trends

incorrect

— Impacts 1 e samples

incorrectly |

inferred
A O O
HAVINIVAVAVAVININ.Y.

Composite Data

« Composite Sampling
— Multiple samples / day; mixed & analysed

— Average
case

— Trends ; * samples
missed ¥
— Events

missed [\/\ﬂ/\/.\/.\/\n
INAAAANAAARN
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Mass Loading is Key

* Mass Load Critical = NOT Concentration
— Models concerned with MASS LOAD
— Even with
composite = . R
data, flow is - s 12.Mar.03
critical

13-Mar-03

= 14-Mar-03
—17-Mar-03
——18-Mar-03
" — 19-Mar-03

200 20-Mar-03
21-Mar-03

Flow (MUd)
w B
o
g

High-Frequency Monitoring

 High Frequency Monitoring (i.e. NH,)

— Multiple sample/d or essentially continuous

— Trends

— Event g
detection

— Dynamic
model
behavior

3/\/\(\/\5‘-/\1\@5_\;;
checked UUU\}U‘U&J w
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Real Sensor Data

* Typical Real-Time Data
— QOutliers

— Sensor e
Faults (i :
* Noise
» Malfunction
* Calibration

Real Sensor Data

« Typical Real-Time Data
— Qutliers

— Sensor s [ p—— -
Faults ™
* Noise
» Malfunction
* Calibration
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Improved Data Quality

 After Data Validation (batch or real-time)
— QOutliers,

anomalies e
removed

— High quality ™
dynamic data W /‘q
| \

Conclusion

» Data requirements are project dependent

« Data collection should be designed to
produce data which helps to minimize
model uncertainty irrespective of goal

« Data quality must be a primary goal
during collection and the importance of
data validation cannot be underestimated

5/13/2014
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Thank-you !

John B. Copp Ph.D.

Primodal Inc.
Hamilton, Ontario
(905) 523-8958

Primodal .
Earth Essential Technologies COpp@prI mOdaI .com
www.primodal.com

Modeling 101 — May 14, 2014

Modeling Pitfalls

Ken Brischke, P.E.
MWH
Denver, CO

@ mwH

BUILDING A BETTER WORLD
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Modeling Pitfalls

Outline

Pitfalls You May Experience

Developing a Sampling and Analysis Program

Sampling Problems
Rules of Thumb
Checking Sludge Production

Problems with Data Analysis and Interpretation
Is Your Model Configuration Correct?
Changing Default Parameters

Some Pitfalls You May Experience

Sampling locations .
Samplers are maintained

Measured data is accurate
Assuming samples were analyzed in

a timely manner .
Results were logged correctly .
CBOD =BOD

Assuming VSS data °

Model configuration is correct
Flow splitting differences
Forcing a model to fit bad data
Changing default parameters

Modeling batch operation as
continuous

Modeling storms
Assuming DO concentrations
Aeration control dynamics

Flow meter accuracy: influent, RAS,
WAS

Assuming recycle/sidestream
characteristics

Neglecting recycle/sidestreams
Not considering minimum conditions
Expecting precision

5/13/2014
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Sampling and Analysis Program

» Collect the right data in the right locations
— Walk the plant if possible
— Take the time to survey sampling locations

« Match the required additional data to the
appropriate/available budget

Sampling and Analysis Program:
Collect the Right Data in the Right Locations

% | Sampling Locations
: 1. Influent

2. Primary Effluent

3. Mixed Liquor

4. Final Effluent

5. Primary Sludge

6. RAS

7. Digester Feed

8. Centrifuge Feed

9. Dewatered Solids

10. Centrate

5/13/2014
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5/13/2014

Sampling and Analysis Program:
Match Data Needs to Budget

o

Baseline Daily and Diurnal Sampling and Analytical for

Treatment Facilty:

coLor cope:
0 14 Analysis offow woghiod daty composit sampie

‘Analysis offow waghted discrete auto-sampies t 2 hourly intanals
‘Analysis of 1 rab sampl por i, composited nto cne sampe po day
Daiy total

Minimum umber of days required for diumal anlyss is: 5

‘Gomposite of samples taken from al daly leachate delvores

Number of days o collect centrate samples

T et e e e I el I o i e I IRl vy TS TotTs
Wastewater Efnuent went | "Siudge | Siuage Feea Feed Soids | _mecycle Metnad
T T T T T To|
oty Dol | Gary | Dl | oty | Dl ol oy | Dlorar | Gy | O y_| o
T “Elctronic data i prfecble
o T T T T FEIToN T
o7 T T To0i [T
7 7 200 ruacco
T 2o0C.
2200
T )
A
7 0
T ]
205
7 g 7 T o 7 roson
T 2 s
7 7 7 T PEE o s
T T 0 e
T .
7 7 T 7 T EEX) 7 e
T T3 o 19 g st
T 7 7 7 00 r—"
T T T T T Zi0E
T
7 g EizE] s sares
i e s amporane, en ¢

Estimated Sampling and Analysis Cost
Lo fumser Bt Est

analyses | analyses Costpor Tota
bytpe | bytpe test  Cost

Tss 2 sie s
vss s S0 $3720
o 10 s0 5390
sco0 s s Sie
o 2 s sizm
800 ™ s siem
180D 2 s siom
T 1 s shie
T » s s
NHON 0 s siam
NoIN T s s sisw
oz woosw o sa

1 S0 5260
i om0 s
Pose % s sz
A 0 s s

Desuie s sen
Esimated Total Analyical Cost $90,82¢

Sampling Problems

» Sampler location
« Sampler maintenance
« Sample degradation

Water Environment
Federation
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Sampling Problems:
Sampler Location

» Well mixed
» Adequate access

* |dentify recycle/sidestream
return locations

Sampling Problems:
Sampler Care and Maintenance

» Refrigerated samplers
 Clean inlet tubing regularly
» Keep batteries charged

5/13/2014

55



Sampling Problems:
Sample Degradation

Total COD
Sample 0 Days Refrigerated  Acidified
« Sample storage Duplcate 1 37 451 452

. . Duplicate 2 374 347 350
Sampling and storage: Test unstable Duplicate 3 399 327 343
samples without delay. Homogenize Average 390 375 392
samples containing settleable solids i
in a blender to permit representative Filtered COD .

. . Sample 0 Days Refrigerated  Acidified
sampling. If there is to be a delay Dupicate 1 136 9 85
before analysis, preserve the sample Duplicate 2 125 99 78
by acidification with sulfuric acid. Average 131 99 82
Make initial dilutions in volumetric
flasks for wastes containing a high Flocculated-Filtered COD
COD in order to reduce error inherent Sample 0Days Refrigerated  Acidified
in measuring small volumes. Duplicate 1 110 89 4

Duplicate 2 95 72 101
Average 103 81 107

Rules of Thumb

* BOD/TSS ~0.9to 1.1 + ffCOD/COD ~ 0.25
+ CBOD/BOD ~ 0.6 to 1 sCOD/COD ~ 0.4
* COD/BOD~1.9t0 2.2 VSS/TSS ~ 0.80 to 0.84

Example: COD =333;
BOD; = 155;
TSS =200
COD:BOD; = 2.15 (okay)
BOD;:TSS =0.77 (low ?)

5/13/2014
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Check Sludge Production

 Overall Sludge Production:

TSS in (Primary Sludge + WAS + Effluent) — kg TSS
Influent BOD kg BOD

» Across Activated Sludge

VSS in WAS + Effluent _  kgVSS
Input COD — Effluent sol. COD ~ kg COD

From WEFTEC 2007, Workshop W201, Fundamental of Wastewater Process Modeling, Peter Dold

Check Sludge Production:

Overall Sludge Production

Overall sludge production - Example
Typically ~ 0.9 to 1.0 kgTSS/kgBOD

Raw Sewage: Primary Sludge:
Flow 75494 Flow 791
BOD 155 TSS 21053
Mass BOD 11676 Mass TSS 16658
SAS:
Flow 2837
TSS 2806 )
Mass TSS 7960 2 N 14 -
Effluent:
Flow
TSS
Mass TSS

Total TSS out

Overall (PS+SAS) sludge production (TSS/BOD):

From WEFTEC 2007, Workshop W201, Fundamental of Wastewater Process Modeling, Peter Dold
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Check Sludge Production:
Across Activated Sludge

05 VSS in WAS + Effluent ~ _ kg VSS
Input COD — Effluent sol. COD~ kg COD
T oaf .
5z > Main components:
O o
G§
8 o 03} Quwas X VSSyas
o0
% (;., QinrL X CODyyey
w X
8 5 0.2
52 First check:
-
N2 o1f
- Quas
0.0
VSS = MLVSS x + /
0 5 10 15 20 25 'WAS (QINFL QRAS) QRAS

SRT (days) CODpt

Mass balances on downstream solids

From WEFTEC 2007, Workshop W201, Fundamental of Wastewater Process Modeling, Peter Dold

Data Analysis and Interpretation

« BOD or CBOD
+ Samples homogenized prior to analysis?
* Results logged correctly?

5/13/2014
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Data Analysis and Interpretation:
BOD or CBOD

Plant CBOD BOD
(mg/L) (mg/L CBOD/BOD

Alabama 171 178 0.95
Colorado #1 251 283 0.89
Colorado #2 301 363 0.83
Florida #1 116 173 0.67
Florida #2 167 216 0.77
Florida #3 221 263 0.84
Louisiana #1 124 152 0.82
Louisiana #2 112 129 0.87
Massachusetts #1 70 234 0.3

Massachusetts #2 174 178 0.98

Data Analysis and Interpretation:
Samples Homogenized Prior to Analysis?

coD
DATE Not Blended | Blended | ' 2¢tr
T5-0ul 209 349 0.86
17-dul 218 293 0.74
18-Jul 172 181 0.95
19-Jul 168 193 0.87
21-Jul 290 304 0.95
22-Jul 303 316 0.96
23-Jul 254 308 0.82
24-Jul 250 280 0.89

AVERAGE 244 278 0.88
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Data Analysis and Interpretation:
Results logged correctly?

Plant 1 Influent BOD/TSS; Plant 1 Influent BOD,,5/TSS;

0.00 000
0101 0401 06/01 0901 12001 0302 06002 09/02 12/02 0303 0603 09/03 1203 ~ O0LO1 0401 06001 0901 1201 0302 06002 09/02 1202 0303 0603 09/03 12/03

+ BOD/TSS ratio showed too much scatter
» BOD results logged on the day received, not on sample day
+ BOD/TSS # ~1; which is why BOD/TSS ratio is a “rule of thumb”

Data Analysis and Interpretation:
Results logged correctly?

Day Flow TSS | VSS ISS VSS/TSS| VSS |VSS/TSS
2213 21185 | 119 | 21 %8 0.18 98 0.82
23713 19229
L COD > SCOD > ffCOD 2413 17181 | 96 | 15 81 0.16 81 084
2/5/13 17901 | 108 | 12 9 011 96 089
2/6/13 18472 86 10 76 0.12 76 0.88
. BOD > SBOD 27713 16735 | 174 | 28 146 0.16 146 0.84
28/13 16427 | 108 | 6 102 0.06 102 0.94
2913 17113 | 208 | 16 192 0.08 192 0.92
. TSS > VSS 2/1013__| 20797 | 134 | 6 128 0.04 128 0.96
2/1113 21900 42 2 40 0.05 40
2/12/13 | 21275 | 60 | 13 47 022 47 0.78
° TSS _ |SS = VSS 2/13/13__| 20274 | 86 8 78 0.09 78 0.91
2/14/13 | 20028 | 128 | 20 108 0.16 108 0.84
2/15/13__| 20673 | 84 | 14 70 017 70 0.83
° TKN > STKN > NH 2/16/13 19374 132 37 95 0.28 95 0.72
3 2117113 18616 134 37 97 0.28 97 0.72
2/18/13 | 18528 | 248 | 17 | 231 0.07 231 0.93
2719113 | 16779 | 174 | 45 129 0.26 129 0.74
2/20/13 | 15769 | 360 | 32 | 328 0.09 328 0.91
2/21/13__| 15213 | 376 | 39 | 337 0.10 337 0.90
2/22/13 14908 192 19 173 0.10 173 0.90
22313 | 14343 | 106 | 11 9% 0.10 95 0.90
224/13 | 14392 | 136 | 15 121 011 121 0.89
2/25/13 | 15302 | 304 | 20 | 284 0.07 284 0.93
2/26/13 | 13694 | 276 | 39 | 237 014 237 0.86
227113 | 13272 | 288 | 49 | 239 017 239 0.83
228/13 | 13112 | 264 | 30 | 234 011 234 0.89
3713 12799 | 175 | 30 145 017 145 0.83
Average | 17364 | 170 | 22 148 0.13 148 0.86

\Waler Environment
Federation
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Is Your Model Configuration
Correct?

Ensure configuration is correct

= - - d i
. o | s . * Check recycle return locations
= T .

e % Does model output match
4 measured data?

cccccccc ge  SAD PAD Ii J ) . .
— +  Check configuration with plant

; staff

» Don’t change default parameters for the sake of changing them
* Minimize the number of default parameters changed
» Understand why you feel the need to change them

5/13/2014
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Changing Default Parameters
Forcing a model to fit bad data

Change heterotroph yield coefficient (Y) from default of 0.666 to 0.905
Predicts significantly lower oxygen requirements - 65% of actual
Predicts a significant increased sludge production - 150% of actual

* At SRT of 6.5 d, expected
VSS production range is
0.27 - 0.29

*« Y =0.905

* 0.43 IbVSS/IbCOD

ti*(1-Fus)}

{MXV/(MS

* Y =0.666
» 0.2851bVSS/IbCOD

SLUDGE PRODUCTION / COD (INF - EFF)

15
SRT (DAYS)

Conclusions

» Treat data with care. Don’t necessarily accept it
» Check the data thoroughly

* Remember the “Rules of Thumb”

» Walk through the plant to confirm things yourself
» Check solids production

* Be very wary changing default parameters

* Don't trust flow meter results blindly

Use the model to help diagnose problems
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@ mwH.

BUILDING A BETTER WORLD

]
Thank you !

Ken Brischke, P.E.
MWH

Denver, CO

(303) 291-2112

ken.brischke@mwhglobal.com

Modeling 101 — May 14, 2014

» John B. Copp
* Andrew Shaw

* Leiv Rieger
* Ken Brischke

* Peter Vanrolleghem

Introduction to Modeling
« Final Q & A:

(Primodal Inc.)
(Black & Veatch)
(Université Laval)
(InCtrl Solutions)
(MWH)
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