Mannheim WTP Optimization and Facility Plan

Q .

Region of Waterloo

Ayman Khedr, P.Eng



gersgl|

121
86
Guelph
W lerloo
_\jﬁl.a: hened
43
_Cambiidge
& 33
Paris
Brantford
Woodstock

202

_Brampton
50
£01 .
_Mississauga
la03
Miltan
;51
Dakville
407
501
Burlington
Hamilton
203
la11]
14
Six Nations Mo.
&0
Niagara
Peninsula

Ve Credit Mo

24

_Toronto

ﬂ‘st Catharines

Thorold

Welland




106 Production Wells
34 \Water Systems
10 pump stations

13 elevated tanks
1369 km?

~600 pumps, ~300 valves, ~50

 filters, ~175 PLCs, ~1200
instruments, ~408 km
. transmission mains
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Mannheim Water Treatment Plant

e Commissioned in
1992; asset renewals

 Max design flow of
840 L/s; maximum
operational flow is
~600 to 650 L/s

20— 35 % of Region
Water demand




Project Overview

Why are we doing it?

Water Services — One of the fastest growing regions in Canada; we need to maximize
our supply resources

O&M — Mannheim is the most operationally intensive plant in the Region

Asset Renewals — Aging infrastructure

Holistic Approach to evaluating the Treatment plant performance




'- a




Key Information

* Treatment process is robust

* Fully redundant — flow is split equally between two
identical trains

* Treatment is flow paced; flow is controlled through
butterfly valves

* Aging infrastructure

* pH control was implemented (H2504) — but discontinued




PROJECT SUMMARY



Project Goals

Complete a comprehensive Performance Evaluation to identify
bottlenecks

Develop Quantitative and Qualitative key performance indicators
(KPIs)

Baseline current performance to track potential improvements
over time

ldentify process upgrades and operational improvements
prioritized based on impact to KPIs

o Opportunities for automation

o Short term / low capital upgrades projects

o Long term / major capital projects

Create a 10 year facility plan to implement aforementioned
projects

GAIN OPERATOR BUY-IN**




KEY FINDINGS



Bottlenecks/ Opportunities

1. Sedimentation basins are significantly undersized

2. Blender flow control is critical for Mannheim
Operations

3. Reviewing potential for pH control (peak shaving)




1. Sedimentation Basin Sizing



Sedimentation Basins Undersized

Sedimentation is a key performance limiting factor for Mannheim WTP.

Unit Process Potential Capacity Flows

Flow Capacity (L's) © 116 23 347 483 &ro g84 810 926 1.041
Flow Capacity (m%/d) 0 10,000 20,000 20,000 40,000 50,000 60,000 70,000 80,000 80,000

Pra-Sadimentalion:

Flacculation:

Unit Process

10 States MECP (max) EPA

Sedimentation;

RECOMMENDED PLATE SETTLER SOR VALUES

Rated Capaci

Source SOR (m/h) Capacity (m3/d) Capacity (L/s) Motes
10-State Standards 2.4 7,206 86

MECP 2.5-50 15,012 180 (5 applied)
EPA 9.78 29,363 352







Pre-Treatment

- DAF Is recommended
for relatively high
quality waters with

|

: tls‘»"tFI Et average river turbidity
reservoirs, _
non-mjneral L <10NTU, or
_ DAF turbidity) 2 <100NTU from
IRE:L oF I oN ekl . I settled reservoirs
Mannheim B +  No upper limit of TOC
WTP ?:f'r';g I or colour for DAF
mingral i processes
turbidity) I
Direct B .
Filtration £ - Ballasted flocculation
s IS recommended for
water with highly
Turbidity (NTU) variable water quality
. Black box: Average; Orange box: Range and maximum non-
- Grey box: MWTP without Hidden Valley mineral turbidity
>200NTU

Valade, M. T., W. C. Becker, and J. K. Edzwald. "Treatment selection guidelines for particle and NOM
removal." Journal of Water Supply: Research and Technology—AQUA 58.6 (2009): 424-432.



Site Visits

Typical Range

Parameter Mannheim Belleville Brantford Union
Temp (C) 0.5to 25 0.5to 32 3to 29 4to 24
Turbidity (NTU) 5to 15 4 to 25 2 to0 200 1to 117
pH 7.81t08.5 7.4 t0 8.8 7.4t0 8.5 7.25t08.23
DOC (mg/L) 5to7 4to7 4t06 2
Alkalinity (mg/L) 160 to 230 90 to 150 164 to 256 94
Hardness (mg/L) 210to 315 115 to 145 293to 411 106
Ballasted

Flocculation and DAF and pH

Pre-treatment Plate Settlers DAF pH control control




2.0 Blender Flow Control



Blender #1 Flow - 31-Day Trend
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3.0 pH control



Coagulation is pH Dependent
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Inherent pH control

Chemical Dosing for pH Control

Evidence that coagulant dose is being used to provide pH control

85 | | 80
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a2 — Filtered Water pH 70

| >
Coagulant Dose (mag/flL)

7.9 é 60 2
o
=]

I
. / e
> 5
X . B

- | [l VT @
[ ]

| T
|I u L‘.I- ¥ "
| M 'Irll 1 “
| ‘ Stable filtered water pH achieved

Coagulant dose reflects change in pH

7 30
2020/08/01 2020/08/08 2020070811 202000816 2020/08/21 2020/08/26 2020/08/31




ph Shaving
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NEXT STEPS & LESSONS LEARNED



C2021-10 Mannheim 10-Year Facility Spending Plan

® Expected Annual Expenditures (Millons SCDN June 2023)

S16

* ~$65 million forecast
* 41 projects grouped into 20 to minimize operational burden and plant shutdowns

14.61

S14

$12 11.58

$10

Total 10 Year Cost: $64,500,000

S8

$M CDN June 2023

$6
sS4

S2
1.44

O.OO .

Year 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033




Lessons Learned

* Permitted/design flows may not accurately represent plant capacity

* Change is hard!

 Operator input is essential through out the process;
* Site Visits
* Workshops

* Demonstration Study




Thank you!

* Nicole McLellan — Stantec

* Dennis Mutti — C3 Water
 Perry Decola — Belleville
 Duane Ayres — Brantford
 Rodney Bouchard — Union WTP

UNION WATER SUPPLY SYSTEM

C3 WATER

4

% Stantec

BELLE\IILLE

-!"'1-1!






A common thread through surface water WTPs in
Ontario...

* Typical design loading rates for horizontal flow sedimentation basins

do not account for cold water conditions where this process is less
efficient

* May be overlooked as settled water turbidity is not a regulated
parameter




Sedimentation Capacity Loading Rates

Loading Plant A Plant B Plant C Plant D
Rates (m/h) Lamella Lamella Horizontal Horizontal
Plates [1] Plates [1] Flow Flow
Ontario
Design 2.51t05.0 2.51t05.0 <10to24 <10to24
Guideline [2]
At Rated 9.9 14.5 1.96 3.77
Capacity
At Peak Flow 7.7 8.9 1.38 1.75
At Average
Day Demand 4.6 5.4 0.96 0.86
[1] based on gross basin area
[2] lower range recommended when operating <10 degrees C
ed text: exceeds recommended range in warm water conditions




Sedimentation Capacity Shortfalls

0%

Plant A
Plant B

Plant C

Plant D

20% 40% 100%



Key Takeaways & Next Steps

e Optimal sedimentation loading rates particularly in cold-water
conditions may be lower than typical design guideline values

e Full-scale stress testing can help confirm existing capacity bottle-
necks (which may differ from desktop estimates)

e |dentifying preferred solutions to address capacity shortfalls should
iInvolve a multi-objective decision analysis (MODA) to incorporate
the interests of a range of stakeholders and municipal priorities in
addition to technical considerations and cost

e Labour burden

e Implementation & Permitting

e Piloting Needs




PLANT OVERVIEW



Plant History

Mannheim Water Supply History — 1988 to 1998

Treatment optimization project resulting from
expert panel.
* Post-sedimentation ozone improves filiration
= Ozone dose increase caused carry over and

Comstruction Commences Commissioning Intakes for surface off-gassing
Raw Water Intake Pumping Station Alum targeting sweep flocculation, dose = 30 mg/L water impacted * Clearwell and ozone contactor tracer study
Raw Water Pumping Station, LT225 polymer, dose = 0.1 to 0.2 mg/L sources shutdown » Examination of assisted flocculation
Reservoir and Raw Water ain Ozone targeting taste and odowr control, dose 1to 2 as a precaution recommended
Mannheim Water Treatment Plant mg/L; operated in pre-ozonation mode Milwaukee Crypto  (Mannheim, K70s, * Raw water ammonia impacted chlorine
Raw Water Terminal Storage Tanks Dual-media filtration; 2 anthracite/sand, 2 GAC/sand siduals management outbreak; linked to K805, West analyzer; amperometric titration implemented
Mannheim Reservoir Cell 1,2 Wet scrubber using caustic solutian plant commissioned water supply Montrose) * G to 6-log removal of Crypto may be reguired
Residuals Manzgement Plant |
1938 T 1952 19493 1954
@ L | {3 i @
Available Processes Construction of Original plate settlers failed (rypto outbreak in Expert panel developed S0P to bring supply back on-line and
Powdered activated carbon ammoniation process, under warranty; resalved with Waterloo Region; NOT review treatment.
Emhanced coagulation with Using ammaonia gas retrofit modifications to positively associated = Dzone dose increased to 4 mg/L; 100% of generator capacity
sulphuric acid and caustic structurally reinforce the system with water supply * Post-sedimentation ozone implemented
* RMP recycle discontinued until supernatant treated with UV
* Raw water storage tank inlet/outlet configuration changed
Baffle walls
create s cells in
Enhanced coagulation Numerouws Dzone contact
stahilizes ozone; high RMP optimization coagulant/fflocculant chambers to Potential for inadequate disinfection
alkalinity made pH  Particle counters and  study (Solids Mass ASR pilot aid trials completed; mprove T,, and of Crypto identified.
readjustment post- m onitors trialed, Balance study testing SternPAC replaced tracer study Warm water = poor ozone stability
filtration prohibitive labowr intensive completed) program alum, LT225% remained repeated Cold water = insuffident contact time
1994 1995 1996 1997 1958
Lo \ 4 & & o

F-ddltll:l‘l.E to C of A Ozone system Shift from sweep Filter 1 &_2 Installation uf
regarding RMP performance ) GAC medis ozane quenching
! : flocculation to charge ) i
operation tracking replaced using sodium

neutralization

implemented bisulphite




Mannheim WTP History — 1998 to 2005

Re-evaluate ozone
process based on tracer
test results with respect

to Crypto inactivation;

ASR reconfirmed
year-round 2-log Formation of UV Tested UV on as key component
removal would require Disinfection Mew stamd-by supermatant Replace leaking of long-term
50% expansion Advisory Panel diesel generator stream at RMP rapid mixer blades water strategy
1998 1999 ‘ 2000 2001
L L & L
Mannheim WTP Full-scale optimization Participation i Construction of Operated with Actiflo jar tests Acidified alum
Summer acidification of biological filtration UV disinfection Filter-to-Waste alum; H,50,usedin | (Dec 99 to Feb 00} trialed during
study; H,50, for pH demonstration- recycling facility the summer summer months
control scale pilot lead by
Calgon
Freliminary Upgrades to convert
LN Justified for primary Disinfection Upgrade Anthracite in ozonation production
disinfection. Ozone refocused Study submitted. UV Filter 4 replaced GAC in Fileer 1 ASH Stage | final (——— to liquid oxygen (LOX) ——
for T&D control approved by MOE. with GAC replaced report completed feed
2001 2002 2003 2004 2005 2006
L @ @ @ @ L
Anthracite in Filter Change to AWlinspection  GAC in Filter 2 Implementation of Pilot Plant
3 replaced with Calcium of filters replaced Calgon UV I Constructed
GAC Thiosulphate Disinfection system

for guenching




RPU Upgrades

Mannheim WTP History — 2006 to present

SCADA upgrades
Emergency vakwe
Mannheim Chlarine gas replacement at Electrical Hidden Valley

ASR Phase | Filter media Reservoir evaporator Hidden Yalley upgrades and  ASR network Ammania tank  High Lift Reservoir  Terminal raw water
implemented upgrades  Upgrades decommissioning Greenbrook Fire High Lift stand-by power communication repairs liner repairs standpipe recoated
2006 2007 2008 ‘ 2004 2010 2011 2012 2013 2014 2015

@ & L L L L & & L L
DAF recommended as idden Valley Low Lift Polymer system Administration building Sodium hypochlorite Diry scrubbery Decommissioned Hidden Valley High
pre-treatment option Pump Upgrades upgrades constructed distribution facility upgrade sulphuric acid and Lift pump upgrades

Mannhaim WTP
vahee replacement
and actuator repair

_|

Gas chemical

caustic systems;

lost imdependent
control of

coagulation pH

underdrain
replacement

Fiter media and

—

Hidden Yalley system safety
Loww Lift upgrade and Hidden Yalley Mannheim WTP
Hidden Valley Low  1ormingl raw | Like-for-like  Yransformer and ozone off-  Hidden Valley High Lift Mannheim Hidden Valley  optimization
Lift pump water standpi plate settler pump SCADA ASR 1and 2 gassing Low Lift VFD  Reserwoir Celll WTP actuator Intake SOP and 10-year
replacement recoated replacement replacement | upgrades rehabilitation addressed replacement  and 2 repair  replacement update capital plan
2021 and
2015 ‘ 2016 2017 ‘ 2018 ‘ 2019 2020 Beyond ‘
[ @ & L & & L >
Hidden Valley High Lift klannheim Hidden Walley High Lift Hiddem Valley PACI tank Bulk PAC system | Mannhsim Hidden klannhsim UV controller Ozone side Phasze I
purnp and electrical Reservair leak VFDrand walve High Lift repair | decommissioned § Reserwvoir  Valley High Reservair upgrades stream ASR
upgrades repair replacement; stand-by conduit repair header Lift vahee Ammonium injection
power upgrades twinming  replacement sulphate replace system
complete ammonia gas




KPMs

Tier 1 KPMs Units
Maximum Plant Flow L/s
UFRV m3/m2
UVT Increase - MWTP Intake: Filter Effluent % increase
ICost per Cubic Meter Treated Water $/m3
IGHG Emissions Tons CO2
Backwash / Sludge Production Volume m3
Tier 2 KPMs
Settled Water Turbidity NTU
Settled Water UVT %T
Frequency of Plate Cleaning Evently
zone Mass-Transfer Efficiency %
eadloss Accumulation Rate %/hour
UVT, Post-Ozone %T
Filter Effluent Turbidity, 95th percentile NTU
Backwash Water Efficiency %
Off-Spec Discharges # | quarter
ASR Injection / Recovery Switch # / month




Previous discussions have indicated that over/underdosing by 10%
can significantly impact performance.

% of all data January 2020 July 2020 October -
November, 2021

Side 1 Side2 Side1 Side2 Side1 Side 2

>110% 6.4 9.3 15.8 2.6 2.3 0.3
Average
Dose

Coagulant 25508 3.1 53 75 40 0.009  0.14
Dosing  * Average
Dose

Combined 9.5 14.6 23.3 6.6 2.31 0.44

>110% 99 16.2 3.0 1.9~
Average
Dose

Polymer

Dosing  <gp% 2.1 9.2 4.3 25 1.7 4.8
Average

Dose

@ned 5.9 191 205 55 3.6 D




Blender Flow Control Success

Coagulant dosing significantly improved
+ January 2020 —outside of range 9 to 14% of the time
« July 2020 — outside of range 6 to 23% of the time
* October 2021 — outside of range 0.4 to 2.3% of the time

Polymer dosing significantly improved
« January 2020 —outside of range 6 to 19% of the time
« July 2020 - outside of range 5 to 21% of the time

* October 2021 — outside of range 3.6 to 7.6% of the time
Correction for batch strength required

Note: data does not account for changes in dose setpoint
* Improvements still evident!




Process Flow Diagram

Coagulant Polymer

Raw Water
Grand Screens Screen & Storage Tanks
- & Low Lift Reservoir High Lift
River Pumping Pumping

Floc Mix J

-

Rapid MiX e

Clarifier
(sedimentation
tanks)

GAC
Filtration

Ozonation

Sludge to Residual

Treatment
Backwash

chlorination

» Distribution

Clearwells
(Treated Water)
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