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Housekeeping Items

• Submit questions through the question box at 
any time.  We will do a Q&A at the end of the 
webcast.

• Slides and a recording of the webcast will be 
available at www.waterrf.org.

• You will receive a certificate of completion at 
the end of the webcast. 

• Survey at the end of the webcast.

http://www.waterrf.org/
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Agenda

• Introduction and Background
• Research Goals and Objectives
• Data Standards
• Performance Indices
• Performance Prediction
• Piloting with Utilities
• PIPEiD – National Database
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Infrastructure Asset Management
• There are numerous frameworks for the 

infrastructure asset management practice.
– ISO 55000
– EPA 10 Step Process
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Models and Tools for Decision Support

System Parameters
Sustainability & Resilience Consequence of Failure Life-cycle Costs
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Failure Prediction & Deterioration Model
Grade Representation Definition 

1 Excellent 
Very low probability of failure; 
Excellent expected service life;  

Almost no deterioration or corrosion;  

2 Good 
Low probability of failure; 

Satisfactory expected service life;  
A little deterioration or corrosion;  

3 Fair 
Acceptable probability of failure;  
Acceptable expected service life;  

Acceptable deterioration or corrosion;  

4 Poor 
Hard-to-accept probability of failure;  

Short expected service life;  
Obvious deterioration or corrosion;  

5 Very Poor 

Unacceptable probability of failure;  
Unacceptable expected service life; 

Unacceptable deterioration or corrosion; 
The pipe can no longer provide service 

(need to be replaced) 
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Research Goals
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Research Project 
• Development of Protocols and Methods for Predicting the 

Remaining Economic Life of Wastewater Pipe Infrastructure 
Assets, WE&RF Project Number U4R14

Phase 1: Data Standard Phase 2: Performance Index Force Main Asset Management
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Research Objective 

• Models and tools from 
practice - too simplistic 
and limited

• Practitioners do not 
understand the modeling 
techniques

• Practitioners do not trust 
the models in literature

• Application of models 
and tools at the wrong 
level
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Participation and Outreach
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Phase 1. Data Standard
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Phase 1. Data Mining and Conflation

• Developed with feedback from participating utilities and SWIM Data 
committee members (formed by various service providers and 
organizations)

• Data has been collected and conflated in this data standard for future 
research steps. 
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Phase 2– Extending Grading Scale
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Phase 2. Performance Index

• Defect Index VS. Performance Index
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Phase 2. Performance Index
• Phase 2 performance index 

evaluate the pipe condition by 
using not only CCTV data, but 
also structural, environmental, 
operational, and other data.   

• Uses performance parameters 
(Phase I) and defect index to 
establish the performance of 
the wastewater pipes.

• Separate gravity and force 
main performance models.

• Only gives the current 
performance, no future 
prediction
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Phase 2. Performance Index
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Phase 3. Performance Prediction 
Model
State Based
Probability of condition changes of an infrastructure facility over a unit time.
Time based
Probability distribution of time spent to have a unit change of the asset condition
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Phase 3. Performance Prediction Model

Step 8.b Integration of Operational Level Models
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Data Validation - Population

19
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Data Validation– Stratification
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Data Validation– Record Selection 
Process
• Time 

dependent 
vs. State 
Dependent 
data

• Identified a 
records 
selection 
process to 
separate the 
time and 
state 
dependent 
data 

Pipes with 2 inspection 
records

Pipes with 1 inspection 
record

No State change occurs

State change occurs in first 
inspection but not in 

consecutive inspections

No state change occurs 

State change occurs

Pipes with 3 or more 
inspection records

No State change occurs

State change occurs in first 
inspection but not in 

consecutive inspections

Segments with no renewal 
activities

Pipes with 1 state change

State change occurs for 
three or more inspections 

State change occurs both 
first and second 

State change occurs for two 
inspections 

Segments where renewal 
was performed

Pipes with no inspection 
records

Pipes with 2 or more state 
change
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Piloting Results – Network Level
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• Evaluated all available 17031 
segments from participating utility

• Field measurements on;
 Pressure
 Flow (gallons/min)
 Remaining factor of safety
 Number of gas pockets
 Length of gas pockets

• Extracted soil Corrosivity from USGS 
database. 

Number Parameter Source
1 Line Number GIS
2 id GIS
3 PIPEiD GIS
4 Pipe Material GIS
5 Pipe Diameter GIS
6 Pipe Age GIS
7 Pipe Location GIS
8 Pipe Joint Type GIS
9 Pipe Slope GIS
10 Node Length GIS
11 Pipe Lining GIS
12 Failure Type Failure Data
13 Cathodic Protection GIS
14 Soil Corrosivity USGS
15 Pipe Break Rate Failure Data
16 Pipe Break <5 Years Failure Data
17 Operating Pressure Sahara Inspections
18 Flow Velocity Sahara Inspections
19 Treatment Plant GIS
20 Number of Gas Pockets Sahara Inspections
21 Length of Gas Pockets Sahara Inspections
22 Remaining factor of Safety BEM 

Piloting Results – Asset Level
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Regions of Interest
Cast Iron Pipes
High age: >70

Unlined 
Prone to Tidal Influence

Corrosive Soil

Piloting Results – Asset Level
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Site Number Pipe Material Pipe Vintage Pipe Diameter (Inches)

1 Asbestos Cement 1968 14

2 Asbestos Cement 1968 16

3 Asbestos Cement 1968 20

4 Ductile Iron 2002 30

5 Cast Iron 1949 16

Dakota CMX DL + Wall thickness 
Testing for DIPhenolphthalein Testing for AC

AC Pipe 
Wall 

Strength

Wall pH

Piloting Results – Asset Level
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• In Situ Tests and Water, Soil samples were conducted to measure;
No Parameter Test
1 Cathodic Protection Field Observation
2 FOG Field Observation
3 Ground Cover Field Observation
4 Ground Water Table Field Observation
5 H2S H2S Monitor
6 Height of Bedding As Build Records
7 Pipe Age As Build Records
8 Pipe Depth As Build Records
9 Pipe Diameter As Build Records

10 Pipe Location As Build Records
11 Pipe Material As Build Records
12 Pipe Shape As Build Records

No Parameter Test
13 Soil Moisture Piezometer
14 Soil pH Piezometer
15 Soil Resistivity Earth Ground Resistance Tester
16 Soil Type Field Observation
17 Stray Currents Earth Ground Resistance Tester
18 Thrust Restraint As Build Records
19 Tidal Influences As Build Records
20 Wastewater pH Litmus paper
21 Turbidity Turbidity Tube
22 Wastewater Temp Thermometer
23 Wall Thickness (AC) Phenolphthalein
24 Wall Thickness (Metallic) Ultrasound

Piloting Results – Asset Level
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Total Number of Segments = 736
True Positives = 537
True Negatives = 199

Accuracy = % 72.69
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Piloting Results – Asset Level



COLLECTION AND COMPILATION OF WATER PIPELINE FIELD PERFORMANCE DATA
• The purpose of this project is to collect high quality field performance data on 

pipeline reliability for water pipelines of different materials, including cast iron, 
ductile iron, pre-tensioned concrete, reinforced concrete, steel, pvc, hdpe, others. • This project will also develop a database capable of efficiently storing the 
collected data and supporting data analytics and analysis of the performance of 
water pipeline infrastructure systems across the county. 

28

This Project will lay the Foundation of a National Database of Water Utility Infrastructure. 

100 Federal Facilities

Federal Register - OMB Control Number: 1006-0031

500 Water Utilities

Under the United States Congressional Direction



• Standardized Data 
• Comprehensive Standardized Data
• External Data Service

• Utility data will be combined with 
external data sources like EPA, 
USGS, SSURGO, NLCD, etc.

• Data Analytics 
• Strategical – General Information
• Tactical – Pipe Performance Analysis
• Operational – Advanced Models/Tools

• Decision Support 
• Preliminary Analysis of the 

Standardized Utility Data
• Visualization of GIS Web-

applications for decision support

Benefits for Participating Water Utilities



MODELING APPROACH & DATABASE PLATFORM



Performance Analysis 
Framework

Metallic Plastic Cementitious

CI DI GIST PVC PE PCCP RCP BWP AC

Corrosion

Soil 
Corrosivity

Stray Current

Loading
Failure and 

Defect 
Analysis

Traffic 
Loading 
(Roads, 

Railways)

Soil 
Temperature 

Regime

Mean Age at 
First Failure

Frost Action

Frost 
Loading

Corrosion 
Protection 
(Coating/ 

Wrapping/ 
Cathodic 

Protection)

>36"<16"

Ecological Cohorts
• Climatic 

conditions 
(arid, coastal, 
arctic, 
mountainous)

• Natural event 
conditions 
(earthquakes, 
hurricane, 
cyclone, 
floods)

• Operational 
conditions (soil 
temperature, 
groundwater, 
traffic loading, 
railway tracks 
and others)

WI

Unpredictable 
Events

Successive 
Failures

Hydraulic 
Pressure

External

16"-36"

Diameter

ExternalInternal

Frequency of 
Pressure 

Surge Events
Failure Mode

Failure Root 
Cause

Water 
Corrosivity

Internal

Corrosion 
Protection 
(Lining)

Proximity to 
valves and 

pump 
stations

Improper 
bedding

Failure Rate

Coastal Area 
(Saltwater 
Intrusion)

Frequency of 
earthquakes 

(Proximity to 
fault lines)

Lo
ca

l –
 F

or
 s

pe
ci

fic
 W

at
er

 U
til

ity

R
eg

io
na

l –
 F

or
 s

pe
ci

fic
 E

co
lo

gi
ca

l C
oh

or
ts

G
lo

ba
l –

 F
or

 e
nt

ire
 U

SA

Target Deliverables

Descriptive Analysis

Characteristics: Material, 
Lining, Coating, Cathodic 

Protection distribution

Trend Analysis: Installation 
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Data Storage & Mapping



Cohort AnalysisCross Scale Interaction

Data Collection, Compilation 
and Database Management

Statistical Qualitative and 
Quantitative Analysis for 

Hypothesis Testing

Information and Knowledge 
to Support Advanced Water 
Pipeline Asset Management

Global Trend Emerges

GLOBAL 
ANALYSIS

Identify the high-level 
trends across the 
country and around 
the world

Water Utilities Engagement and Services

LOCAL 
ANALYSIS

REGIONAL 
ANALYSIS



Artificial Intelligence Application for Water Pipelines

Data-Centric 
aspect would 
focus on 
substantial 
datasets of 
water pipeline 

Model-Centric 
aspect would 
focus on 
annotation 
and sharing 
of robust 
models



‘Artificial Neural Network’
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PIPELINE PERFORMANCE ANALYSIS 

Strategic Level Analysis

Tactical Level Analysis

Operational Level Analysis
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Questions?
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Thank You
Comments or questions, please contact:

Sunil Sinha: ssinha@vt.edu; 540-231-9420/814-404-2150
Berk Uslu: berkuslu@ghd.com
Walter Graf: wgraf@waterrf.org

For more information, visit www.waterrf.org

mailto:ssinha@vt.edu
mailto:berkuslu@ghd.com
mailto:wgraf@waterrf.org
http://www.waterrf.org/
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