Research as A Tool for Utility Management
" and Planning: Biosolids End Uses and PFAS
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WHAT DOES MMSD DO?

Water Reclamation Flood Management

MMSD



2035 VISION

A Sustainable Bottom Line

* Integrated Watershed
Management

* Balancing Green & Grey
Infrastructure

* Climate Change Mitigation and
Adaptation

* Energy Efficiency

* Net 100% Renewable Energy
Sources




MMSD

WHO DOES MMSD SERVE?

* Over 1 Million Customers
* 29 Municipalities

« 423 Square Mile Planning Area
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Treatment and Storage

Jones Island - 330 MGD ISS - 521 MG Capacity South Shore - 300 MGD Capacity
+ 60 MGD Wet Weather Capacity

MMSD



CAPTURED & CLEANED

Since 1994

98.6%

MMSD
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MILORGANITE® Slow-Release Fertilizer u
Milorganite

' NITROGEN FERTILIZER '

For Your Lawn & Garden



History of Milorganite

Demand to improve water quality

*Reclaiming wastewater using the biosolid since
1900s

*Oyvind Juul (O.J.) Noer was instrumental in the
success of Milorganite

*Milorganite (MILwaukee ORGAnic NITrogen)

*Since 1926: over 10 billion Ibs. of nutrients have
been diverted from landfills
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Milorganite Partners

Jones Island
Water
Reclamation
Facility

@ veoua

""""

Distributors

. Milorganite
_

q
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PARTNERS FOR A CLEANER ENVIRONMENT

Outsourced
Packaging



Milorganite Bagged Products
321b Bag

Most Popular Product

Sold in Retail stores Nationwide
Covers 2,500 sq. ft.

Feeds for 8-10 weeks

%> FOR BETTER | 2
RESULTS.

Slb Bag

» |deal for Gardens, vegetables, and small containers

SLOW-RELEASE

1 Milorganite Y

wEmema | 50Ib Bag
W * Professional Product

* Smaller granule
» Most common for Golf Courses, Landscapers
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Where is Milorganite Shipped?

+10k retailers nationwide

North Dakota
Maontana
South Diskota
287 Tons
Wyoming
Nebraska
95 Tons

Utah
126 Tons:

Arkangas
Arizana 273 Tons

300 Tons

Thuelalue.

The helpful place.

Walmart

| Milorganite o .?
Do g EET U FARM.

Proudly Serving America’s Heartland Since 1858

W'J FARM & FLEET

Milorganite Shipped (2022)
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* CECs pose a major threat to our

« What can we do about them?

* |s there an alternative that can
mitigate threats and still have a
beneficial reuse that fits our

MMSD

We have the market in our hands...

...what could go wrong?

* Is Milorganite® as we know it

viable long-term?

business model

existing model?
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Enter Pyrolysis

A long-term partnership with Marquette University.

fi

MARQUEITE

UNIVERSITY

e Started in 2012

» SiXx research projects

* One lab-scale system developed
* Five students trained

M M S D Figure 2. Research onion for futures studies

Source: authorfollowing Saundersetal.(2016)
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Biosolids Advanced Facilities Plan

o MMSD's Biosolids

2021 030 2035 2040

Milo @ JI
Class B Outfall @ S5

Advanced Facilities
Plan goals:
o What is the best way to
make Milorganite®?

o What drivers influence
the long-term viability
of Milorganite?

o How can MMSD adapt
to changing drivers?

Phase 3B

furt

AppliedTechnologies

Erginmens - Adchiert

A=

IMMSD

PARTNERS FOR A CLEANER ENVIRONMENT

AAMATERIAL
PYSMATTERS, Inc.

N
. .-é/_\s Load growth will make current operation unviable past 2025

Decision to proceed

already made Milo @ Ji
Class B Outfall @ S8 (V3 High risk relying on Jf D&D dryers beyand end of life in
4 years 1 A 2030, without any SS dryer capacity.
Decision point soon Milo @ JI
Milo & Class B Outfall @ SS
5-7 years

Milo @ JI
Decision point 1 yr before completion of Milo & Class B Outfall @ S8
Phase 2, to be ‘shovel-ready’ when

Phase 2 works are completed

2-4 years -

All existing JI D&D dryers
il need refurb or

Decision point 1 yr before completion of i
rep st hefore 2035

Phase 3A, to be ‘shovel-ready’

.pg@

Milo @ JI
Class A Blosolids @ SS

2-4 years

(a)

Landfill policy or new regulations
prohibit disposal of Class B Biosolids
— risk increases over time

1year LI

Decision in time to coincide
with completion of Phase 3B

(b)

New regulations prohibit disposal of

Legend

Decision Point
The paint at which choice is mede fo proceed, funding is
confirmed and planning commences.

Implementation Point
The point at which works are compieled and fully
operatianal

O
&3

Tipping Point
Point at which & particular action is no longer sdequate in
meeting plan’s objective, signaling need for new asfion

Ideal Path
Planned pathway for MMSD, assuming no reguiatory
avents thal restric! biosolids disposal oplions

Lead Time
Time needed between desision point and implementation
point - | igad lime for planning. design and cansiruction

7 Regulatory Tipping Point (Risk)
¥ f new reguiations are enacted during these peniods,
MMSD wili need (o adap! and deviale from ideal path

Regulatory Tipping Point Path

Potential pathway sed to adapt tz reguiatary tipping point

(a), (b) and (c) -

Mila @ Ji
Biochar @ SS

Class A biosolids without PFAS
destruction — risk increases over time

Y — . |

Decision point when/if business case (economic or organizational) is
established for biochar rather than Class A biosolids at South Shore

Regulations prohibit land application
of Milorganite (e.q. PFAS requlations)
— risk increases over lime

Adaptive Path if new
regulations are enacted

Biochar @ JI
Biochar @ 55

(c)

T+ years

Learn More about the BAFP:

(=

%

https://www.mmsd.com/government-business/2050-

facilities-plan/biosolids-advanced-facilities-plan




The Next Layers

We have a plan, but how far does
our existing infrastructure get us?

Is it responsible to invest so
heavily in the baseline amidst the
uncertainty?

What information gap(s) do we
need to close?

MMSD



THE

Water

Research
FOUNDATION

Understanding the Value Proposition

for Thermal Processes to Mitigate
PFAS in Biosolids




PFAS Risks in Biosolids Management

Landfill Farm Field
Allowed? Land Application Bans?
Costs? _eeg

,,,///-'7/11 ‘I \\\\\;\\

J

Implement
Thermal

Processes

Torrefaction

Pyrolysis

F Gasification
Biosolids S Solid Products
(PFAS) (PFAS free?)

New incinerators
are difficult to

|| install
Incineration QOut-of-District
Destination

E BLACK &VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.
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PFAS Risks in Biosolids Management

Landfill Farm Field — Unknown Risks/Benefits

Allowed? Land Application Bans? Transformation Destruction
Costs? e into toxic products of C-F

,,,,///7/11 .I \\\\\3\\\

J

Risk ‘ 'Benefit —_—

What happens to
PFAS in liquid and
gas phases?

Implement
Thermal
Processes

Torrefaction

Pyrolysis
F Gasification
Biosolids S Solid Products

(PFAS) (PFAS free?)

New incinerators
are difficult to

|| install
Incineration QOut-of-District
Destination

E BLACK &VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.



PFAS Risks in Biosolids Management

Landfill Farm Field — Unknown Risks/Benefits
Allowed? Land Application Bans? Transformation Destruction
Costs? __asge into toxic products of C-F

,,,///-'7/11 ‘I \\\\\;\\

J

Risk ‘ 'Beneﬂt —_—

What happens to
PFAS in liquid and
gas phases?

Implement
Thermal
Processes
Torrefaction

Pyrolysis

F Gasification
Biosolids S Solid Products
(PFAS) HEAT (PFAS free?)

= C Sequestration, Renewable Energy Benefit
» Larger Footprint, CAPX Risk
* Local policy can change the decision tree

LCA Tool for Utilities Mitigates Future Risk

E BLACK &VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.

New incinerators
are difficult to

|| install
Incineration QOut-of-District
Destination

23



What Can Treatment Do to PFAS?

Start with Fate Definitions

Removal

E BLACK&VEATCH

- Compound is no longer present in its original phase (no bonds are broken)

© Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.
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What Can Treatment Do to PFAS?

Start with Fate Definitions

Removal

- Compound is no longer present in its original phase (no bonds are broken)

Transformation

+ Compound reacts to form new compound with modified chemical structure
(carbon-carbon bonds are broken)

E BLACK &VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation. 25



What Can Treatment Do to PFAS?

Start with Fate Definitions

Removal

- Compound is no longer present in its original phase (no bonds are broken)

Transformation

+ Compound reacts to form new compound with modified chemical structure
(carbon-carbon bonds are broken)

Destruction

- Compound is mineralized (carbon-fluorine bonds are broken), inorganic F and
CO, remain

E BLACK &VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation. 26



E BLACK&VEATCH

What does drying do to PFAS?

© Black & Veatch Corporation 2025, All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.
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Drying Temperatures Are Too Low to Affect PFAS, Right?

Experimental Approach

« We tested samples from 3 utilities
* Dried in oven over night

« Measured PFAS in wet and dry
samples

E BLACK &VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation. 28



Drying Reduced PFAS Concentrations
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Drying reduces the total PFAS concentration in biosolids and alters the PFAS profile. McNamara, Moss, Hoener et al.,

Env. Sci.: Water Research & Technology, 2025.
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What happens to PFAS in a full-scale dryer?

E BLACK&VEATCH © Black & Veatch Corporation 2025, All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.

30
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Drying reduces the total PFAS concentration in biosolids and alters the PFAS profile.
McNamara, Moss, Hoener et al., Env. Sci.: Water Research & Technology, 2025.

E BLACK&VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation. 31



Dried Biosolids Have Less PFAS (80% Removal)

6=

PFAS Concentration (normalized to pM F/kg)
N w £ (2]
[]

=y
1

S E—
—_—

T T
Pre-drying solids Lab-scale oven dried solids Full-scale dryer dried solids



Environmental ~ i
Science ' &

OF CHEMISTRY
Water Research & Technology -

PAPER

Drying reduces the total PFAS concentration in
biosolids and alters the PFAS profilef

Patrick J. McNamara, ©2° Jessica Calteux,® Eric Redman,® Taryn McKnight,©
Lynne Moss,® Webster Hoener,? Scott Carr® and Zhongzhe Liu®

Cite this: DOI: 10.1039/d4ew00890a

33



Possible Explanations

 PFAS like air-water interface
 PFAS are detected in rain & aeration
« PFAS leave with water as water droplets (aerosols) leave

More research is needed to confirm removal mechanism

From the journal:
Environmental Science: Processes & Impacts

| ]ournal of Hazardous Materials ’?N

Volume 465, 5 March 2024, 133460

Non-targeted identification and semi-quantitation of

emerging per- and polyfluoroalkyl substances Removal Of per— and

(PFAS) in US rainwater 7
polyfluoroalkyl substances from
wastewater via aerosol capture

Yubin Kim,? KyndalA. Pike,1?” Rebekah Gray, ® ? JamesonW. Sprankle, ) 2¢ Jennifer A. Faust ()

Dung Nguyen A & John Stults °, Julie Devon ¢, Eden Novak °,
Heather Lanza © , Youn Choi €, Linda Lee €, Charles E. Schaefer 9




More Research....

 Dried biosolids from new utility

» Captured gas phase in
methanol impingers

« Analyzed methanol for PFAS :
Zhongzhe Liu, Ph.D.

E BLACK & VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.
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Unaccounted
3 Vapor
I Solids

0.020+

©
o
-
T

Some PFAS were captured,

more was not

Abundance of PFAS [umol F]

1 - bef 1 - aft 2 - bef 2 - aft 3 - bef 3 - aft

E BLACK&VEATCH © Black & Veatch Corporation 2025, All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation. 36



E BLACK&VEATCH

What does pyrolysis do to PFAS?

© Black & Veatch Corporation 2025, All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.
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Py-gas

Experimental -
Approach: Biosolids Py-Liquid

» Triplicate Batch Experiments
« Feed 1 (Low PFAS) Bioch
« Feed 2 (High PFAS) oo

« 30 minutes
« 100 g dried biosolids

E BLACK&VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation. 38



Species Rep 1 Rep 2 Rep 3

PFBA 0.41 0.31 0.23

PEReA 17 1.7 16
PEHXA 0.67 0.80 0.86

PFOA 0.61 0.74 0.74
PFENA 0.36 0.42 0.42
PFDA 13 16 1.5

PEURA, 0.28 0.29 0.29
PEDQA, 0.43 0.46 0.47
PEHXS. BRL 0.28' 0.21"

Feed 1 PEHDS. BRL BRL BRL

PFOS 4.1 46 45

Low PFAS (ug/kg) S TN

NEIEQSAA  0.76 0.83 0.78
NMeEQSE  0.98 0.93 0.96

NEEOSE 0.32 0.62 0.46
3:3FTCA BRL BRL BRL

S3FTCA 71 7.7 75
7:3FTCA 16 20 20
6:2FTS BRL BRL BRL
8:2FTS 0.33 BRL BRL
10:2 FTS 0.25 0.25 0.27

Sum 22.9 255 247

E BLACK&VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.



Pyrolysis Removes PFAS from Solid Phase

Fraction of Targeted PFAS Measured in Feed

100%

75%

50%

25%

3
X

500°C

800°C

W Solids

®mLiquid

@ Gas

@ Unknown

40



These Findings Corroborate Earlier Findings:

Pyrolysis Removes PFAS from Solids (Biochar)

41



Species Rep 1 Rep 2 Rep 3 Avg

PFBA 1.1 1.0 13 1.1
PFPeA 11 95 10 10.2
PFHXA 12 1.1 12 12
PFOA 1.0 1.0 1.0 1.0
PFNA 06 05 05 05
PFDA 17 18 17 17
PFUNA 03 04 03 03
Feed 2 PFDoA 0.0 1.4 0.0 0.5
: PFHXS 14 03 12 1.0
|—| |g h P FAS PFHpS 03 00 0.2 0.2
PFOS 66 70 65 67
FOSA 03 00 03 0.2
NMeFOSAA 2.3 03 23 16
NEtFOSAA 07 26 08 14
5:3 FTCA 9.2 11 9.1 9.8
7-3 FTCA 1.1 13 12 1.2
6:2 FTS 0.4 0.0 0.4 0.2
8:2 FTS 12 00 1.1 0.8
Sum 99.7 102.1 97.6 99.8

E BLACK&VEATCH © Black & Veatch Corporation 2025. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.



Fraction of Targeted PFAS Measured in Feed

PFOS Remains in Biochar at 500°C

100%

m Solids
75%

m Liquid

50%

@ Gas

25%
@ Unknown

0%
Feed 500°C 800°C



Biochar Yield Varied Across Experiments

100 — — o Bl Biochar
- 1 _I_ . .
X 75 - = Py-Liquid
% 1 Py-Gas
> 50—

o
=
S
E 25

o
|

500L 800L 500H 800H



These Findings Indicate that Initial PFAS Concentration, Time, and
Temperature Affect Removal

E BLACK&VEATCH © Black & Veatch Corporation, 2024. All Rights Reserved. The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation. 45



Final Thoughts

46



Biosolids

47



Biosolids

Drying

48
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The Next Layers

What about emissions and recycle
streams of the existing system?

Is pyrolysis economical, reliable, and
scalable?

Can we market biochar with the same
success as biosolids?

Should we do this alone, or is a
regionalized approach warranted?

MMSD



Thank you! Questions or Comments?

E-mail: McNamaraP@bv.com

E!BLACK&VEATCH Marquette University

mmagruder@mmsd.com

A MMSD

PARTNERS FOR A CLEANER ENVIRONMENT
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A Milorganite Poem — Allegedly Taught in School

Milwaukee is a land of cheer,
German cooking, ale and beer;

They eat and drink from morn' 'til night,

And then they make Milorganite (opens in new tab)!

SLOW-RELEASE

Milorganite

NITROGEN FERTILIZER

Their ball team is quite their pride,
It's fame has traveled far and wide.
The grandstand has a place in sight

Where they can go and make Milorganite!

After the game they go to dinner,
It does not matter whose the winner;
And after sleeping through the night,

Start making more Milorganite!

| state without equivocation,
This chore has keen cooperation;

It's manufacture is an art,

Where everybody does his part.

Old men, young men, perfumed ladies,
Boys and girls and even babies;

Grunt and strain and do what's right,
To pile up more Milorganite! 52

-Author unknown



D&D Overview

High Level Look

200 DT/day
24/7/365 Operation
Feed: DSD + WAS (70:30) 2-3% DS

Dewatered using BFP + Polymer to
>16% DS (can add ferric for Fe
content, and H202 for odor control)

Mixed w/Recycle Dry Product to
obtain 20-30% DS as dryer feed

* Dried in Rotary Drum Dryers
(Davenport) to 95% DS

MMSD



D&D Overview Continued

High Level Look

* Dried product sieved through 10-
mesh Tyler sieve and retained on
a 65-mesh Tyler sieve (milling to
reduce size of large product and
can recycle back to dryer)

* Product is cooled then conveyed
to storage.

* Cyclone Waste (Chaff/Fines)
separated from the drying air
stream and sent to landfill (~13%
of total dry mass)

/[N

(&

MMSD



Sid Arora

Typical Biosolids Process Day

% TS and

Jones Island
Sludge (J1 WAS)

South Shore Sludge
(SSWAS,SSDSD)

JIWAS Jones Island Waste Activated Sludge
SS WAS South Shore Waste Activated Sludge
SSDSD South Shore Digested Sludge

E&B Equalization and Blend

BFP Belt Filter Presses

BSD Blended Sludge

R-Bin  Recycle Bin

Blended Sludge

94%

”'U

T Classification

Dust/Chaff to
Landfill

Oversize Mills

|
Dust Suppressant - "—>

we:




outh Shore Process
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DECHLORINATION !
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é Disinfected
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underfiaw J o
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ACTIVATED RAS PUMPING
SLUDGE . o

WAS 1o
BIOSOLIDS
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sludge to JIWRF
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LIQUID INTERPLANT
SLUDGE

SLUDGE PUMPING

SSWRF WAS
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uP11
ANAEROBIC
DIGESTION
e
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WASTE SYSTEM
i
| | uP12
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MPO9 X ¢
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MMSD

UP 20

up14

AGRILIFE STORAGE FACILITIES
(Thickened digested sludge storage)

FILTER PRESS
DEWATERING

to landfill or

| E o

Underflow |

MPO8 uP1D |

SLUDGE SLUDGE

THICKENING ~ THICKENING
(DAFT)

land application



ones Island Process

Blending
MPO1 MPO2 MPO3 MPOS MPO7
PRELIMINARY TREATMENT PRIMARY IRON AERATION SECONDARY PLANT
PO CLARIFICATION MANAGEMENT CLARIFICATION EFFLUENT
INFLUENT SIPHONS/ P20 uPcs
1SS PUMPING PICKLE LIQUORY! CHEMICAL
pumpout ey POl FERRIC UNLOADING/
sty 8 CHLORIDE DISINFECTION
EFFLUENT
PUMPING
2 Omintected
efMuent to
Lake Michigan
inner Harbor
o
uro? uP23
3 PR ACTIVATED WAS RECENVING/
i SLUDGE GALLERY SOLIDS
FRMARY 3 ACTIVATED PUMPING PIPING INTERTIE
SLUDGE to i SLUDGE
. g BIOSOLIDS 2 WAS to
Liquid Processes l H
Biosolids Processes | i 1
10 WAS recening wet wells
29
CLASSIFICATION pon.
P31 MILORGANITE
o uP2s FINES STORAGE
DRYING .
DEWATERING PROCESING,

LiQuiD
SLUDGE PUMPING v
P10
MPOS SLUDGE THICKENING MP10
SLUDGE SLUDGE
THICKENING DEWATERING DRYING
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LEGEND

MMSD
Service Area

WHERE DOES THE WATER GO? [RGB R s

MMSD Service Area

300 miles of MMSD Sewers

* Over 3000 miles of
municipally owned sewers

* Over 3000 miles of private
laterals

MMSD



