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Introduction

« Utilities are increasingly installing sensors and adopting digital
twins to gain real-time insights into their systems.

* The quality of sensor data is essential for operational efficiency
and reducing unnecessary maintenance costs.
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Challenges with Sensors in Sewers

e Harsh environment
 High fail rate

* Difficult access
 Costly maintenance

* Hard to detect failures
* data loss
* potential overflow '
* unreliable system performance

¢Omsd TETRA TECH

Safe, clean waterways




Objectives

* Louisville MSD seeks innovative solutions to quickly detect and
address faulty sensors as part of their sensor maintenance
strategy.

* This study focuses on implementing an Al-driven sensor
anomaly detection system to enhance the operational reliability
of the Louisville MSD’s sewer network.
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Louisville MSD Overview

» Core business
» Wastewater collection and treatment
« Stormwater management
* Riverine flood protection

* /55,000 residents in Louisville Metro

« Complex sewer network with over 3200
miles of sewers and 7 wastewater treatment
plants.

* Operation objective: total system
optimization
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Louisville MSD Predictive Real Time Control
System

* Optimizes: Solves complex routing for
optimal flow management every 5 minutes

* Robust: anticipates all possible failures

* Adaptive: responds to rapid changing field
conditions and climate

* High performance: optimizes critical
operational decisions with digital twin and
advanced analytics

* Reliable: Over 20 years of successful
operation

‘% Safe, clean waterways




E.Iorthwest Interceptor
[nessamns . ([(Muddy Fork
A 4 |
Ssht SR < [Pertan Interceptor
orage Western Intercepter L !
2(??!1\;1](3 E - - EOhio River Force Main
- CWestern Outfzll E&h St Branch
[ isosme : T — e Brownsboro
C eights
¥ J COh io River Interceptor < Starkey Interceptor : cgasinlg Rd. Trunk
C\Nesiem Intercept b - 6.9 MG
RS 108 MGD
|
l *
Broadway Collectar
wsls:zgm g (Conio River Interceptor : E > Cso
______________ _|_0‘20 Gz‘lidd!e Fork Interceptor
b
o MEWQEC
conda 25
2L %GSP MPWQTC Primary =
| 350 MGD (Peak) <oRi Southern Outfall (Bneads Branch g:;:::ﬁ o
335 MGD ILS 27.4 MG ILS 2.5 MG &
285 MGD -
MFWOTC
Secondary Y
240 MGD CBeargrsss Interceptor Gogan CSO Intsrceptor
Bell's Lane = Scuthwestern Intercepter Nightingale 3 NPS
High Rate o E1 80 MGD -Q [: - = Basin PS5 Diversion
Treatment (Cemax = 100 MGD i )
50 MGD \
Nightingale
Storage Basin
Storage
i Splitter 8.0 MG
Structure
w (Bodsmith Ln Trunk
A 4 r s %
Southwest Cutfall Upper Dry Run Trunk
Padoy's Run FPS g ILS%\:Z%R;\IRG < € C = E T N l: Hikes Lane Interceptor y
[:Mlll Creek Trunk e e T
ady Lal ecutive Inn
] 146MG  [*  sImG Grand Avenue
Southwestern PS
: 10 MGD
160 MGD
1.6 MG
Storage
Northeprg Diteh CNotthern Diteh Interceptor
-
62 MGD
LEGEND

P
d

[C amax = 300 MGD

[ Pond Creek Interceptor

MNorthern Ditch
Diversion

Revised: 09/30/2022

RTC System Full Build Out

[ Buechel Trunk

FY 2008

In Service Date

FY 2020

Planned future




Centralized Advanced Data Analytics

-P C!%F%BS Ir‘ponitoring sensors and operation data from RTC facilities

* Automates the integration, management, visualization and reporting of
data with advanced analytics for data-driven decisions

/////,l // @ System Availability (Wet or Dewatering) : @ Availability Score Configuration
' AVAILABILITY (%) SCORE TIME WET OR DEWATERING (H:MIN)
Availability % (Wet or Dewatering)
RTC System 100.00 - 7:55

Score RTC System Facility

1 0-94 0-94

I P D Average Facility Availability 2 94-95 94 - 95

Events Overview &l 95 - 96 95 - 96

NORMAL AS DESIGN

b 4 96-97 96- 97

FACILITIES . AVAILABILITY (%) SCORE AVAILABILITY (%)

Username

ws e o Bl o 97100

Password

D Facility Availability (Wet or Dewatering) § @ Facility Availability Definition
HORMAL ASIDESIGN Normal: The facility is considered as available when
ATAILABILITY ARLABILITY FilEWETION the operating mode is not the result of an alarm.
FACILITY ' %) SCORE %) DEWATERING (H:MIN) Manual and Automatic modes are considered as
available (OPM 40 and below)
Ashland 100.00 100.00 7.50
Brady Lake 10000 - 100.00 750 As Design: Facilities that are designed to operate in
GOP are considered as unavailable when operated
Buechel Basin 100.00 - 100.00 7:50 in Manual and Automatic modes.
Clifton Basin 100.00 - 100.00 7:50
Executive Inn 100.00 - 100.00 7.50
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MSD Planned Maintenance

* Reduce maintenance cost
 only when warranted

* Improve sewer system
performances

 Reduce combined sewer overflows,
reduce sewer backups

Performance

Reactive Planned Proactive
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Sensor Predictive Maintenance

MULTIPLE SENSORS SENSOR MAINTENANCE

PROBABILITY OF FAILURE

Level Meter A

e < NN
@ P

Level Meter B

Level Meter C
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Methodology

Two-Step Process:

1. Initial Anomaly Detection:

Use basic algorithms to flag extreme values and
abnormal patterns.

2. Al Model Development:

Train a Transformer-based Al model on historical
data to predict and detect anomalies.
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Initial Anomaly Detection Algorithms

Algorithms Used:

Constant Value '
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Al Model
Probablities

ﬁf

e Transformer architecture for time

series prediction. e
* Key Features: | Forwara
- Self-Attention Mechanism pem [ [T
- Positional Encoding e - v
- Multi-Head Attention e || e
e Training: Historical data from it e pris
. . . uu 3
Louisville MSD sensors, focusing on S =
minimizing prediction errors. rottons () D) rostions
Error = | Al
sEcsiimated Value—Observed Value | oy M
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Al Model Training

e Data Collection:
o Ultilized historical sensor data from Louisville MSD's network.
o Data includes over 300 sensors across 3200 miles of sewers, collected at 5-minute
intervals.
o Data sets vary, with some sensors providing up to 3 years of data.
» Data Preprocessing:
o Applied initial anomaly detection algorithms to filter out obviously faulty data (e.g., missing
values, constant values).

o Created a high-quality training dataset by removing sensor anomalies from historical

records.
 Data Masking
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Main Diversion Structure
(MDS) - An RTC Facility

Purpose: - a5 e o [ e
Diverts wet weather flow between the Ohio River , . I
Interceptor (ORI) and Southern Outfall (SO) to optimize #

treatment at Morris Forman Water Quality Treatment Cwospy eSS |\ —— ReE)

GRIT

Center (MF WQTC).
Key Sensors and Gates:
« Water Level Sensors : A
TO MEWQTC
* Flow Sensors =i
N Chute ‘ Inflatable Dam @ Level Switch High
e I nfl atab'& an d S I u ice GateS M \;V::; - Gate Controlled by GOP @ Flow Element
Gate Id @ Level Element @ Flow Under Gate calculation
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Results Analysis at MDS

Al-based anomaly detection to
monitor sensor performance at
MDS

Focus on Sensors L8 and L7:

= Measure water levels in the grit

chamber
= Used to control the operations

related to the water level within the

structure, ensuring the proper
functioning of gates or other

regulatory devices based on the

real-time conditions.

St - management during different

‘%msd- Their role is crucial for efficient flow
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Results

« Al anomaly detection monitored Sensor L8 at the MDS.
 Significant differences between Al estimations and measurements detected

from May 22 to May 29.
» Deviations suggest potential sensor issues or environmental changes.

* High accuracy in reproducing normal sensor behavior.

Measurments data recorded by L7 levelmeter
- | evel estimations by Al algorithm
- Detected anomalies

0 e a» (& ® =] e o
May 13 May 16 May 19 May 22 May 25 May 28 May 31 Jun 3
2024
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Level (m)

Results

* Drifting sensor: A clear divergence between the sensor measurements and Al
estimates begins on June 22, indicating a potential issue with Sensor L7.

« Multiple anomalies are detected afterward, suggesting the need for
maintenance or recalibration.

* High accuracy in reproducing normal sensor behavior.

18 - Measurments data recorded by L7 levelmeter
L
- | evel estimations by Al algorithm
16 - Detected anomalies

Jun 16 Jun 18 Jun 20 Jun 22 Jun 24 Jun 26 Jun 28
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SOR1 - Another RTC Facility

I

Purpose: K|

Southern Outfall Retention 1 (SOR1) F@ L4

manages wet weather flows by diverting and o

storing excess water, preventing sewer e+ @ & " "

overflows and system overloading during L] | )

heavy rainfall. It controls flow rates into ey TET b

downstream facilities and protects the e T

treatment center from being overwhelmed. 5

Key Sensors and Gates: i b2

 Gate Chambers (LE11 and LE12 Sensors) -

e Upstream Monitoring (LE14 Sensor) S Sxatee @ e oam

. Inflatable Dam e QR O~ @ e
¥y  Chute Flement A0S b et Sk
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Results Analysis at SORI

e
Al-based anomaly detection E xS
monitors sensor performance | T NS
at SORT =0l L ® 11— \E s
N — | | R s
Focus on Sensors LE11 and © /o A
LE14: | w@ (D E
= LE11: Monitor gate chamber ... ba
levels for real-time gate control =
during filling and dewatering. - .
= LE14: Tracks upstream water e @ @I @ o
levels to prevent overflows and ) O % O S ooy
N Chute Element MDS: Main Diversion Structure

manage storage efficiently.
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Results

« Water level data and Al-estimated levels for the Southern Outfall Retention site
(SOR1) over the course of three days.

« Accuracy of the Al-estimated levels (green and blue lines) that follow similar
trends during normal operations.

* The red dots highlight detected anomalies where the sensor data significantly
diverged from Al estimates.

15
/\\./ /\ Measurments data recorded by LE11

S \ | \ LE11 Level estimations by Al algorithm
0 | e

Measurments data recorded by LE14
LE14 Level estimations by Al algorithm

- Detected anomalies

0

May 26 May 27 May 28 May 29 May 30 |
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Strengths

 Real-Time Detection: Identifies sensor anomalies immediately, ensuring
quick intervention.

e Works with Non-Redundant Sensors: No need for backup sensors;
effective even with non-redundant sensors.

 Robust Al Model: Uses Transformer architecture for precise predictions and
anomaly detection.

e Scalable and Flexible: Can be applied across multiple facilities with ease.

 Reduces Maintenance Costs: Enables predictive maintenance by detecting
Issues early.

 Handles Complex Data: Processes large datasets with varying quality and
missing values.

 High Detection Accuracy: Effectively identifies significant sensor deviations.
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Weakness

* Reliance on Historical Data: Accuracy decreases with poor or
limited data.

« Computational Demands: Requires significant resources for
real-time, large-scale networks.

* Potential False Positives: Transitional or maintenance periods
may cause incorrect alerts.

Y—i\\g
| Strength j}}e

<(HWeakness

¢Omsd TETRA TECH

Safe, clean waterways




Discussion and Conclusion

e Scalability: Model structure can be applied across multiple control facilities.
* Reduces unnecessary maintenance and optimizes resource allocation.

* Predictive maintenance for sensors in sewer system is key

 Al-based anomaly detection enhances reliability and reduces costs in sewer
system management.

« Expand model to more facilities and sensor locations
» Continue improving predictive maintenance strategies
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Questions

Presenter Contact

Diana Tao, Project Manager - Tetra Tech
Dianaging.tao@tetratech.com
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