ONE

COMMUNITY

ONE

PURPOSE

Going Deep: Lessons
Learned from Thirty Years

of Sewer I/l Analysis
Patrick Stevens
ADS Environmental Services
April 20, 2023

AC23 CONFERENCE
AND EXPO | APRIL 18-21



CONTACT HOUR INFORMATION

» All session attendance will now be tracked through
badge scanning.

» To earn contact hours, your badge must be scanned
upon entering the session room.

» The full session must be attended to receive contact
hour(s).

» One (1) contact hour will be issued
per 50- minute session attended.
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Brass Ring in this Business is Pre- and Post-Rehabilitation

Scattergraph almost universally adopted for QC and for Hydraulic
understanding

Results affected by Basin Size, Rainfall Strategy and Depth Technology
Methods of normalizing /I
Control Basins work better that Q vs i plots for post-rehab analysis

Peak vs Volumetric analysis. Q=Cxix A is becoming round peg in a square

hole.

»

»

Differences in I/l Practice in Canadian and U.S.

Rainfall - DDF vs IDF



Fates of Sewer RDII Reduction Projects

Followed Recipe
Planned for Post-rehab
Extremely Lucky

Sewer
Rehabilitation
Projects

B.

RDIlI Reduced
But Can’t

Demonstrate

or Quantify

Do Not Try to Measure
“Toilet Paper is Not
as High in the Trees

as it Used to be”

Forensic RDIl Reveals
Twelve Stumbling Blocks

C.

No Apparent Reduction
SSOs & Basement

Flooding Continue

Followed No Recipe

Did Not Address Private Sources
Piecemeal Repair

Rely on Smoke Testing Only
Rely on TV only

Repaired only MH or Mains

Did Not Control Basin Size

Use Poor Rehab Technology
Upstream Restricted Sewer



Capture Coefficient vs. Basin Size
and RDII Basins

Showing Reduction
on this basin is
extremely difficult.




Relationship between Basin Size and Effectiveness

32 History of the (1/1) World
‘8 g 300,000
Petroff Invents 5
Doppler Velocity ’%( 4,
Y r"d
o
o
To)

100,000

50,000

30,000

20,000 MA

S o 10,000
Micro-metering =

1975 1985 1995 2005 2015



With small basins 80% of RDIl comes from 20% of the system.

Percent of System (LF) Producing 80% of RDII Volume
as Function of Meter Basin Size
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Findings from Phase |



Findings from Phase Il — Smaller Basins

Thornton Academy
24 gpd/LF/Inch

Bear Brook
20 gpd/LF/Inch




Independent
/ / basin ‘leaves’
\ / // of 10,000 LF

can be
Downstream
subtraction

60% of meters
basins with a
20% increase
\{ in Net flow
If choice is
available, place
meter

upstream of
siphons, RR
crossing etc.

N\,

/

N —
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Laying out meters for an RDII study
The 10/20 Rule

. Select a Basin Size, e.g., 10,000 LF
. Consider a sewer network as a tree with leaves, branches,

limbs and a trunk

. Place meters on the ‘leaves’ creating sewersheds of 10,000 LF

and no subtractions.

. Place meters downstream on the branches and limbs creating

sewersheds of 10,000 LF or a Net subtraction of NO LESS than
20%.

. Meters do two things: Flow and Hydraulic Capacity. When

considering a meter location, place upstream of a junction, a
turning manhole, a siphon or a RR/Highway crossing.

. ldentify a likely Control Basin
. If using GIS, place meters on sewer line, not a manhole.



Placing Meters Upstream of Likely Restrictions

Determines Operational Capacity
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Scattergraphs Universally Accepted as Tool
for QA/QC and Hydraulic Understanding

Scattergraph Principles and Practice

TRTHAHE
J-B Y

FHHIE

il




Sewer Sociology is a Offshoot of Flow Metering

Dry Day Diurnal Patterns
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EPC'@H Water Consumption in Edmonton During Olympic Gold Medal Hockey Game

Customer Water Demand, ML
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Flushed with fame and fortune

Hewin L. Enfinger and Patrick L. Stevens

sew'-ar so-ci-ol'g-gy, the science of
sociely, social instifutions, and social
relationships wiewed through the eyes of 8
sewer; specifically, the systematic study of
the development, strucfure, inferaction, and
collective sewer use of organized groups of
human beings.

Most sewer flows are characterized by
repeatable diumal pattermns that vary
acroas weekdays, weekends, and holidays.
Differences in land use also are apparent,
and distractions and disruptions of daily life
often can be observed.

hiz month we have a litthe
something for our music-loving
fans and take a look at Justin
Bieber in concert.

Teen sensation Justin Bisber cruised

into subwrban Detroit on Auwg. 15, 2010.
He performed at the Palace of Aubum
Hills in front of & sellout crowd of 15,667
The concert was part of his debut tour M)y
World, promoting his stedio albums My

World and My World 2.0,

Although no sewer sociologists attended
this concert, a sewer flow monitor was
located conveniently downstream from
the venue. The figure shows & composite Sewer use from Justin Bieber concert
hydrograph that chronicles the concern
through the eyes of & sewar. The conceart
began at 7 p.m., and sewer flows peaked 1.4
just before it began.

According to Bilboard magazing, the
concert generated $702,008 in gross
receipts. According to the flow monitor,
the concert also contributed 628,310 L
(188,000 gal) of wastewater. Bazed on
the reported attendance, this results ina
sewer use rate of 40.1 L (10.6 gal) per

August 15, 2010
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concartgoar.

-

Kewvin L Enfinger is 2 region enginesar, and
Patrick L. Stevens is vice prasidant of en-
gineering at ADS Environmends! Sanaces, 8
diision of ADS LLC (Huntswlle, Ala)

104 WEET | AUGUST 2012 | WWWWEFRORG/MAGAZINE C 2012 Water Environment & Techriology. All nghts reserded.



Certificate of Achievement

Weriturdius Service

Your Name Here

Be it known that the aforementioned is hereby acknowledged for outstanding contributions to the
advancement of sewer sociology and is hereby conferred membership in the American Society of
Sewer Sociologists with all rights and privileges thereunto appertaining. In testimony whereof witness
the signatures of the Founding Fathers of Sewer Sociology this 12" day of October 2011.

Member No. ASS55-052

Ris £ Loy Pissss SS Pitd ¢ srae.,

Kevin L. Enﬂnaer. P.E. WER - 6 Patrick L. Stevens, P.E.
President rUrdu S migr atorius Vice President




Depth Technology Makes Big Difference

Technology used to measure depth in a flow meter makes big difference
in RDII analysis. Pressure Transducer are subject to drift.

A large RDIlI metering project will experience the following Accuracy
ranges:

* 30% of meters have accuracy of greater than 20%
* 40% of meters have accuracy of between 20% and 50%

* 30% of meters have accuracy of greater than 50%



A meter with no pressure sensor drift - good Q vs. i

Scatter Graph
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A meter with large pressure sensor drift - poor Q vs. i

Qvsi-U008
Total Event Net RDII Volume vs. Rainfall Depth
s
800 =
2 700
3 = RI92018)
= 600
g E o(10P0D1
=) 500 - P
io = Q17219 //
0 400 -
4 - =
Scaﬂel‘ GTaph g 300 f G010 al[22019)
U008 s E o2 (11229
W 200 © WAz i)
I Ic“) = > o138 *
Lanfear-Coll (C-LC = 27.23) © 100+ < SO0
F ] ] L ! F
45 E Yellowdatain ‘\ Blue data end oprrll N \\\\ 00_ 1 I2|0 [ I40 | I60 | | - | | I1wl | I1rI0I | I140I | I160 |180| pose
40-F Novembelr /ADDF= 6.1 ~\ ADDF=10.1L/s _ - Total Event Reinfall Depth (mm)
- .S - .
C : i / . . . . "
I :I \ n, / / .. . - i ’-F_;‘_:_-:_,_._.——"
) VAR
#3.0— \ - 74 = ] s - Bt
L : . . Y - ) e - ““"\-—..‘_ - B TR 90
£ r | '\\ %/ \\/ e Tl T I @
~o5-F . y sl - - it [ -4 80 ©O
- = - '\I Y X’ ™~ ™~ g g q . 0o
< F N 3 i ~ This site experienced 20 mm of depth drift - 70 =
52.0 n : = —— which resulted in a 65% increase in ADDF ——l60 &
- ; X & - T . ‘
= E Y - Tl I~ — I it SR 50
OE /k" e e I ) R 40
1.0 B . & R T R R B e 30
- ‘x‘
0.5 - / e D R D Rt D R R i R 20
B A S e 10
ul A I N T T T T T T T Ty Tl Il st ol el el ek it Sl el e e sl Sl Bl ol 2.5

20

40

100

120

DFINAL (mm)




Q vs i plot resulting from poor data is indistinguishable

24-Hour RI&I Flow (L/s)

Region of
Estimated RII
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Why Normalizing RDII by Inch-Diameter/Mile

Is Not Proper

100 gal/3.6 IDM= 27.5 Gal/IDM 100 gal/1.2 IDM= 83.3 Gal/IDM




Flow ((zf=)

Four Rainfall-to-RDII Relationships

1. Peak Rainfall vs Peak RDII

2. Rainfall volume contributing to Peak RDII vs Peak RDII
3. Rainfall volume vs RDII volume in first 24 hours

4. Rainfall volume vs RDII volume in total event

Storm Event - 8/31/2012 &:00:00 AM
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Flow ((zf=)

Four Rainfall-to-RDII Relationships

1. Peak Rainfall vs Peak RDII

2. Rainfall volume contributing to Peak RDII vs Peak RDII
3. Rainfall volume vs RDII volume in first 24 hours

4. Rainfall volume vs RDII volume in total event

Storm Event - 8/31/2012 &:00:00 AM
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Flow ((zf=)

Four Rainfall-to-RDII Relationships

1. Peak Rainfall vs Peak RDII

2. Rainfall volume contributing to Peak RDII vs Peak RDII
3. Rainfall volume vs RDII volume in first 24 hours

4. Rainfall volume vs RDII volume in total event

Storm Event - 8/31/2012 8:00:00 AM
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Q = C**A
The Rational Method is a Rate-to-
Rate relationship
Has been the core of hydrology for
150 years.
Works great for watersheds and
sewersheds in which rainwater
purposefully finds it way to the
outlet.
Rainwater entering a sanitary sewer
is not purposeful, but accidental
and the Rate-to-Rate relationship is
poor.




Storm Event - 1/2/2019 4:00:00 PM
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Flow (I/s)

Storm Event - 1/2/2019 4:00:00 PM
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The Initial Q vs. i of Full Season of Rainfall and Flow Data.

Q vsi - All Storms - No Precomp Applied

Total Event Net RDII Volume vs. Rainfall Depth All Storms R? = 0.46
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Grouping into Growing (Summer) and Dormant (Winter) Seasons
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Total Event Net RDIl Volume (cu.m
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Pre- and Post-Rehab analysis relies on comparing seasons.

Variation in Responses due to Variation in rainfall is often
greater than magnitude of RDII reduction
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Prescott MG

Control Basins Eliminate Variation due to Rainfall.

Prescottvs BMill Net RDII Volume
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Differences in Canadian and US I/l Practice

RDIl is calculated in Gross Basins not Net Basins

Appears to be due to years of experience with meters using pressure
transducers as Primary Depth Measurement.

Analysis leans toward a Peak-to-Peak basis vs. a Volumetric basis

May be due to discipline established by the US Environmental Protection
Agency (EPA) in 1975.

Preference for viewing storm statistics in IDF form vs. DDF.



Accumulation of Rain - Inches

Difference between IDF and DDF displays

Historical Accumulation
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