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Using A Hydraulic Model To Identify
Inflow Into The Sanitary Sewer System
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LOUIS C. LAMBE

* Passaic Valley Sewerage Commission, 1988 — Present (36+ Years)

* BS in Civil Engineering from NJIT

* Licensed Collection System Operator, C- 4

* Teacher of Advanced Wastewater Collection Systems

* Civil Engineer / Wastewater Professional

* New Jersey Water Environment Association - Senior Deleg
B8

* Co-Author on two Operator Training Manuals

WHY PVSC MEASURES FLOW?

© Accurate & Fair User Charge Billing
© Planning & Construction

© Infiltration & Inflow (I&I) Analysis
© Modelling Our Network

@ Model Calibration

OUTLINE FOR DISCUSSION

© PVSC Flow Metering

© Conversion to Paperless Recorders
© Hydraulic Model vs Observed Flow
2 Belleville Discovery

.

@ East Orange Revelation
© Questions and Discussion
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FLOW METERING 24” PALMER BOWLUS
= > End view Vertical Horizontal
© Open Channel Flow Metering — water (fluid) -
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that flows in channels, culverts, rivers, and streams,
where the water is open to the atmosphere and has a
free surface at the top.

© Closed Pipe Flow Metering — water (fluid) that
flows in a closed pipe and under pressure.

Upstream
Approach

OPEN CHANNEL FLOW

© Weirs - A weir is essentially a dam built across an open-channel over
which the liquid flows, usually through some type of an opening or notch.

24” PALMER BOWLUS

© Flumes - A flume is a specially shaped open channel flow section with an 1} i
area and/or slope that is different from that of the channel. This results in <~ =
an increased velocity and change in the level of the liquid flowing through it v
the flume. The flow rate through the flume is a function of the liquid level — i
at a distinct point.
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© Area Velocity — (Q=VA) Flow rate is calculated by determining the Flow

mean flow velocity through a cross-section and multiplying this by
wetted area at that point. This requires measurements of the mean %
velocity and the depth of flow.
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FLOW CURVES

Head vs. Flow Q=3.012xH
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PVSC RADIO NETWORK
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RADI

ACCESSIBILIITY IMPROVED FINAL STEPS DATA COLLECTION

FINAL STEPS DATA COLLECTION
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PVSC Hydraulic Model
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PVSC Hydraulic Model

* 10/15/2020 Kick Off Meeting with Innovyze

¢ Original Model Built for Long Term Control Plan (2015)
« Sites aggregated for simplicity (1 curve) disaggregated

* Adapt Model for specific purpose and diverge from LTCP
* Connect eOPS Data To ICM Live Model (SmartCover)

¢ First Results March of 2021

Disaggregate Combined Curves
Passaic Chamber

Second River

South Kearny

31 34
Pumping Data Cleaning
Disaggregate Combined Curves 0
The following metering sites, the flows are monitored in several pipes. For these, both the individual 60 Minute Average of 1 Minute Data
and combined flow will be compared in the model. (TODO: add the combined TVD) '
Diagram meter! | meter2 | meter3
SECOND RIVER 2014 2015 2016 6
PASSAIC CHAMBER | 2021 2022
Fairlawn 36th St | 2097 2098 .
SOUTH KEARNY 2024 2027 ‘
P.S.
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Disaggregate Combined Curves
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DUNDEE AVENUE

W] MERSELIS AVENUE
ARLINGTON AVENUE

HOPE AVENUE 71

HOPE AVESUE #2

C

CLIFTON PASSAIC LINE

Out of The Box
Results Pretty Good

Debris
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Out of The Box Results Errors

Uk Tantacaw St

T T
A0 w0 10200 11102020 16102020

Data Shifts

Missing Data

Calibration of Model January 2023

63 meters*90 days = 5796 data points

Daily Average

AFTER
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BGood ®Bad
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Model Calibration Updated

Calibration/Design Profile Flow/Pollutant Variable
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Calibration of Model January 2023 CMOM REMINDER

Tery Street Total

CMOM = “Capacity Assurance, Management, Operations, & Maintenance”

e ~ is a flexible, dynamic framework for municipalities to identify and
ﬁlAWAW@WQWﬂWC incorporate widely accepted wastewater industry practices to:

- 1. Better manage, operate, and maintain collection systems

ams 2. Investigate capacity constrained areas of your system

3. Respond to sanitary sewer overflow (SSO) events

4. Proactively prevent sanitary sewer overflows

Sundsy 1800

43 46

| SYSTEM CAPACITY EVALUATION

The system operator should have a program-in place to:

Flow (MGD)
10

1. Periodically evaluate the capacity of the sewer system in both
wet and dry weather flow

2. Ensure the capacity is maintained as it was designed.

3. Identify the location of wet weather related SSOs, surcharged

lines, basement backups, and any other areas of known

capacity limitations

6.0700_AF » Live:data Obs #01

Flow US
Min (MGO) Max (MGG
20220616.0700 AF>Live data 0814 2604

> Live data-Obs TERRY STREET wwlp o7 1540
Q0 A= Lve g Ot Ty 1 Ton) 0330 00
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Corect Per Poge R
Sim: xPVSCx Live

SYSTEM CAPACITY EVALUATION

System Operator should have a program to evaluate the capacity
of the sewer system in both wet and dry weather flow:

Flow (MGD)
30

1. Water vs Wastewater Relationship
2. Dry vs Wet Weather Flow Comparison
3. Observed Flow vs Modeled Flow

T
1200 0000 0600
61472022 61672022

i (MG Volume (US Mgal)
202206160700 AF>Live data oaia 2604 2602
" Live ciata-Obos TERRY STREET wwip, 719 T340 T a0
00 AF > Live data-Obs Terry St Total 05950 2500 2813
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INFLOW
SOURCES

il

H 2 Tﬂ
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ROOF DRAIN UNCAPPED,
CONNECTION CLEANOUT

INFILTRATION
SOURCES

CONNECTED

Wastewater Flows for Dry vs Wet Weather Periods

== Dry Weather
== Wet Weather

Maximumn or peak daily flow rata

Fiow Rate (milion gallons per day)
)

Minimum daily flow rate

128 2AM AAM GAM BAM  10AM 12PM ZPM APM 6PV SPM 10PW 32AM

Typical Weekday
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Part Ill - Regulations Concerning

Industrial Users Passaic Valley Sewage Commission

SUBPART 2 - Pretreatment Regulations

SECTION 312 - Prohibited Industrial Wastes

CII]['[l[l[]U"

Precipitation

Rain Derived
Infiltration & Infloyw

Base Wastewater

Flow
312.1
No Person shall discharge or deposit or cause or allow to be discharged or deposited into the G]I’@UHH!]@]WIASME@T
Treatment Works or public sewer, the following: Infiltration
(p) Stormwater - Any stormwater, whether i 1oru 1, unless
specifically authorized by PVSC in accordance with Sections 301, 303 and 602 of these z
Rules and Regulations. =
= GWII
Time
E le Relationship Betw: Water and Wastewater Flows s :
et s e e e e Approach + Dynamically calculated from rainfal
} T Water demand + RTK model calibrated from metered
i e ety Runoff process flows
a0 |- — 7777"717 —
s \| B T A « Fixed DWF profile
P | ][ | / + DWF pattern extracted from metered
3 6o flows
® s Rainfall Derived Ul
4 = Dumescsamase Baseflow
LT S— .
I~ Base Groundwater Infitraton ———>
) L .§ «+ Continuous inflow extracted from
% meter flows
10
oL - - S NS US—
12 2 a G 8 10 12
Midnight Midnight

51

54



NJWEA - Fall Tech Transfer 2024 — Infiltration and Inflow

® lIremont Place Pri

Belleville Meters

Wastewater Flows for Wet Periods

8/18/24 20:00
Actmal Flow 1041
Predicted Flow
Site Specific 1 hr Precip

Belleville

Nutiey

sEyndhurst & North Arl

® Academy Street Primary

& Mill Street
(3

The sum of (5) meters — Tremont Place, Mansion Place, Terry Street, Academy Street, and
Mill Street. Plus 75% of the Nutley-Belleville Line meter (Nutley 25%) and Belleville’s %
of the Union Outlet meter using the 5-year average of water consumption data supplied

annually by the Second River Joint Meeting (SRIM).

ton Force Main

Belleville Discovery
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RADIO DATA TO DESKTOP
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Belleville Notified

Terry Street

Belleville Tracks Down Leak and Makes Repair
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Problem Is Back Notified Belleville

The graph below is your actual flow pattern compared to the model
kimulation for the last two days. Green is simulated data and the brown is
observed data. Everything above the green line 1s extraneous flow which
is costing Belleville money. At peak, there is about a | MGD delta. Over
the coarse of 6 hours per tide or 12 hours per day this equates to about % a
million gallons per day being charged to Belleville. In dollars, this could
cost you approximately $5,200 per week over what you would normally
be billed.

Problem Is Back Notified Belleville - November 2022

Tom,

Terry Street has started spiking with the high tide again. It started after the recent heavy rain. Please check the local storm
outfalls for a gate stuck open. This might stop the intrusion. PVSC still expects you to eliminate this cross connection once you
locate it. As you are aware, Belleville is paying for this intrusion of exiraneous flow because it is going through the meter and
into our system. I remind you of our Rules and Regulations against extrancous flow. Thanks in advance for your attention to this
ongoing problem.

Louie

3121
No Person shall discharge or deposit or cause or allow to be discharged or deposited into the
Treatment Works or public sewer, the following

(p) Stormwater - Any stormwater, whether contaminated or uncontaminated, nnless
specifically authorized by PVSC in accordance with Sections 301, 303 and 602 of these
Rules and Regulations.
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Measarement Vear COMMUNITY

Community Flow

-
Al 5t

ireet Totsl
Lo 20.62%
Tremont Place
L — 18.13%
*.GT Sum of ADIL..
100.00% I\ -
% Academy Siret Totl
1343%

-
utles Bellevill Lis.
11.71%

]
Aamsion Place Total
469%

00 01
MONTH

Tk Terry ST

November
2022
Problem
Is Back
Belleville
Notified
Again

1872022 171012022 11/12/2022 171472022
im 2 ive data Obs #01 ———
6221115_0000_A § e
Fiow US
Min (GD) Max (MGD) Volume (US Mgal
20221115 0000 AF > Live data 0591 2217 7576

| -Live data-Obs TERRY STREET wwip | 0705 2795 7.493
9 0 20

63

66




NJWEA - Fall Tech Transfer 2024 — Infiltration and Inflow

Link: Terry St1
Flow (MGD)
300
Tidal Tidal
Influence

Influence
250 Gone
200
50 ! | |
' .h LA |

February 2023 Problem Is Resolved After Multiple Repairs

100 1
v
050
Model
Simulation
T T T T
2272023 247203 2/6/2023 282023 2/10/203 201272023 21472003
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Veasarement Vear CONMUNITY

Community Flow

100.00%

ALONIH

T Sum of ADJL... |

Resolved in February 2023

—
Terry Strvet Total

31.39%

-
Mill Street Total
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1
Mansion Piace Totsl
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East Orange
Meters

East Orange

Flow is computed by the sum of four (4) meter:
Sussex Avenue #1, and Sussex Avenue #2 and
using the S-year average of water consumption data supplied annually by the Second River
Joint Meeting (SRIM).

8 V1039 Level

Belleville GV
Bloomfield

® Springdale Avenue Surchs

® William Street
Newark
O

®l
® Sussex Avenue 2

Clay S
@\I! 020 Level Hetrfoon

ringdale Avenue, Williams Street,

t Orange’s % of the Union Outlet meter

70

Eant Orange Wiam Sreet

RADIO DATA TO DES]

Couwecrion SvsTeu Pace 13

S 1

ey

East Orange Revelation

fow (MGD)
foso

The simulated data for

match. No further work is required.

TR Eoesene T

Sussex 2 seems to be good

Plant Influent Simulation
Observed Flow
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Subject: Fast Orange Sussex 2 Flow Meter r——— CovTY
Date: Tuesday, January 18, 2022 9:21:00 AM January 2022 aance
Attachments: image003.ong

Tom,

Good Morning and Happy New Year. An interesting and unexpected thing
happened during this weekend’s storm. The flow through the Sussex 2 flow
meter went from a flow rate of 10,000 gallons per day up to 800,000 gallons
per day during the event. The Sussex | flow meter did not show any sign of
surcharging during the same period which leads me to believe that there is
potentially some cross connected catch basins in this small subarea that are
flowing through your sanitary sewer. This area is supposed to be separated

—
/" Sprinpdale Avense
75.46%

AVERACE MGD

| -
Willam Stret
22.25%

‘
Sussex Avenue 2

and should behave as Sussex | did in these conditions. Please investigate and fireo
eliminate this source of storm flow from the collection system. Please let me .
know if you have any questions regarding this matter. H
Louie o
73 76
East Orange Sussex 2 Gas Station Japuary 2022 —— [ Date Submitted: 05-04-2022 03:19 PM
. @ CS_FIBIEC04001 ry E"—' Du KE s City of East Orange, NJ
- I ROOTED IN INNOVATION
May 2022

SMOKE TESTING SURVEY 2022 East Orange, NJ

l Picture(s)

Flow (MGD)
3 A

|

|

g8 8§ 8888 R g8 §8E

1300
1400
1500

6:00
17:00
18:00
1900
2000
2100
2200

300

Hour Q@ 40754214, 74199675 05-04-2022 03:08 PM

74 77

Good Mornmg 1o
Any updates on this investigation? This wasn’t as big a storm but it definiiely  January é Du KE's Date Submitted: 05-04-2022 03:19 PM
had an influence on this small system. If want to discuss this please give T City of East Orange, NJ

me a call. I have some ideas to quickly identify the cross connection if you are 2022 ROOTED IN INNOVATION" May 2022
interested. SMOKE TESTING SURVEY 2022 East Orange, NJ y
Louie

East Orange Sussex 2 Gas Station
m cs_pmEconnt Picture(s)

: SN

“““““ Howr ° 40.752041, -74.199512 05-04-2022 03:10 PM

Flow {MGD)
2 &
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@ Nowark Uilities - LIVE  ~

Catch Basins
Belong To <
Newark

VLY INSTALLLD
o P St rmAn

-

Inspection and Compliance Bureau :
T -;71-3431.137 Catch Basins
December 13, 2022
Kareem Adeem, Director Belong To
Newark Department of Water and Sewer Utilities Newark

City Hall
920 Broad Strect, Room B 31-F
Newark, NJ 07102
RE: EAST ORANGE - SUSSEX AVENUE 2 SOURCE OF EXTRANEOUS
METER INFLOW
Dear Mr. Adeem:

As you are aware, in the Fall 2021, the Passaic Valley Sewerage Commission (“PVSC”)
completed construction of four (4) flow meters for the City of East Orange (“East Orange”) to
quantify the wastewater in East Orange’s Separated Sewer System (“SSS”) before it enters the
City of Newark’s (“Newark”) Combined Sewer System (“CSS"). After start-up and calibration of
these meters, a source of inflow was identified in Sussex Avenue 2's sub area. PVSC engaged East
Orange to track down and eliminate the source from their SSS. Subsequently, East Orange hired a
consultant and performed smoke testing to identify the inflow source. The testing revealed two (2)
catch basins to be the source. The two (2) catch basins in question are located within and owned
by Newark. Enclosed please find a map showing the exact location of the catch basins. Also
enclosed is a graphic display of the intrusive flow’s impact during a recent wet weather event on
November 16, 2022, as an example.

Pholo Description: Sussex Avenue, Newark Photo Description: Sussex Avenue, Newark

83

The identified stormwater flow must be diverted to the nearest storm sewer for the
following reasons:

I. A stormwater connection to a sanitary sewer is prohibited by PVSC Rules &
Regulations at Section 312.1(p)(enclosed);

2. As aresult of the connection, East Orange is improperly being billed by PVSC for the
runoff from this area; and

3. East Orange would be improperly paying Newark wheeling fees for flows that originate
from a Newark catch basin.

In lieu of a more formal proceeding, PVSC is offering to host a meeting between East
Orange and Newark representatives to discuss the issue and arrive at an amicable and expeditious
solution. Please advise as to your availability in the upcoming weeks and a desired location
(whether virtual or on location at the East Orange site) for this meeting. You may do so by
contacting Mr. Louis Lambe at (973) 817-5816. We look forward to hearing from you.

Newark Agreed to do the work without a meeting and worked with
PVSC to resolve the issue.

81 84

Photo Description: 10 Sussex Ave (S.14th & Gould), Newark Photo Deseription: 10 Sussex Ave (S.14th & Gould), Newark
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Questions and Discussion

86



