WATER INFRASTRCUTURE SYSTEM MANAGEMENT
Performance, Resiliency, and Sustainability

“Water Systems plays a critical role in protecting public
health, promoting economic prosperity, and ensuring quality
of life across the United States & around the World”

Dr. Sunil Sinha, Professor and Director
Civil and Environmental Engineering

Virginia Tech
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What Do | Do utside of Work?




Recipient of National Science Foundation (NSF) CAREER AWARD for Research and
Education in the Areas of Sustainable Water Infrastructure Management Systems

Chair, ASCE Infrastructure Asset Management Division
Vice Chair, NIST Community Resilience Panel, US DOE
Panel Member, National Infrastructure Advisory Council, US DHS

The Public Broadcasting History Channel documentary:
Service (PBS) documentary “The Crumbling of America” News
|||r &”‘““Rl" Al PBSQ
Ao “FANVIERI/A NEWS
Ul HO UR
2008 Engineering Journalism Award Appeared as Water Infrastructure Expert Giv::'.'a't'zni’oic\t,:::;ws

 Over 450 publications in technical referred journals,

technical conference proceedings, and technical reports
 Currently supervising 1 Post-doc, 5 Ph.D. & 5 MS students
« Graduated 67 MS, 21 Ph.D. students, and 5 Post-doctoral
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Sustainable Water Infrastructure Management

VISION - To become the premier global knowledge and resource

organization for planning, engineering, constructing and operating
sustainable and resilient water infrastructure systems

MISSION - To bring together the global water industry to
improve the performance, sustainability, and resiliency of existing




SWIM CORE ACTIVITIES

CONFERENCE

THEORY to RESEARCH to PRACTICE

& WORKSHOP

@ WATER/MD
I Knowledge Database
The Premier Global Knowledge and Resource Organization P I P E m

Modeling Platform

1) G (E - SWIMeD

Certification Program

NETWORKING KNOWLEDGE MODELING TRAINING & RESEARCH &
OPPORTUNITIES DATABASE PLATFORM CERTIFICATION EDUCATION

NSF-ERC

Improving the Performance, Sustainability, and Resiliency of Water Infrastructure

Smart One Water
5

Utilities, Consultants, Technology Providers, Organizations, Academics and Media Partners



Performance Management

Resilience Management
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Better Data + Better Platform + Better Models = Better Water Systems



n WATER ENVIRONMENT & REUSE FOUNDATION
vEPA ; Rose
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nited States _ i g F d tion*
Environmental Protection WATER infrastructure DATABASE e L J roundaton

KNOWLEDGE DATABASE

www.waterid.org

The United Sates Environmental Protection Agency (U.S. EPA) through the
Aging Water Infrastructure (AWI) research program efforts and the Water

Research Foundation (WRF), have teamed up to fund the national WATER
Infrastructure DATABASE (WATERID).

“Having a comprehensive knowledge base for condition assessment and
renewal technologies that can assist drinking water and wastewater entities to
more effectively put comprehensive asset management into practice, and
meet their Clean Water Act and Safe Drinking Water Act requirements, fits well
with the Environmental Protection Agency’s (EPA) long-standing research
investment into managing our nation’s water infrastructure systems.”

— Dr. Thomas F. Speth, Director, Water Division, U.S. EPA :



Foundationm Invent the Future® QQ I CT’.’ )\ : @

WATER ENVIRONMENT & REUSE FOUNDATION L I )
o EPA United States MRFO Q)N ‘Fli\éasteearrch WA'ER /D s S
\‘v’ Ag\él rl;(():; mental Protection \_V\f / WATER infrastructure DATABASE @VirginiaTech

Knowledge Database

Case Study
(CA/RE/SUE/MT/
MP/GIS/COST)
Profile

(Tech. or Product /
Models and Tools/

Mgmt. Practice)
Bid information

Etc.

Search
(Basic/Advanced)
Browsing
(Profile/Taxonomy)
Faceted Search
Visual Search
Collation Search

Top Rated Content
Etc.

NEWS User login 2
* SWIM is Accepting Username:

Memberships. J

® Our synthesis reports  Fassword:

are published for L J
Drinking Water and Log in

Waste Water
» Create new account
o SWIM Advisory Board  » Request new password

Established.

@ SOCIAL NETWORK
B @
@ PIPEID

PIPE/D

PIPLLNE rrasirichune DATABASE

TMUST YIEW

SWIM
FOU RS

SWIM
MEMBERSHIP
SWIM
FELLOWSHIP
SWIM
CERTIFICATE
SWIM
VIDEOS

Information
Systems Manag

Performance Management
Drinking Water and Wastewater Utility Benchmarking

sSwiMm
CONFERENCE
RELATE
DATABAS
WATER
SECURITY

! d ! LY Einan |
ASSESRTTICT GUICETI TGN 0 (TCETI NG M ntormationy

Uil LUl bl bl

[Guam|
[Trust Territories|
[American Samoa!
Northern Mariana
listends |

Technology and Product Qualification

Melbourne

CLIMATE
CHANGE

ENERGY

Hobart

Water for People and the Environment



nowledgebase Taxonom

WATERID

Snausty_class®
Profiles Water
Awarer_type”.
[ I [ I [ l Telecom-
Gy et Dunkig Ao Soue Stormwater Wastewater munications
I_I_I
| Cnanne! | Pipe |
=
Separate

o oo’
Treateq [ I [
Human Specic Physical Daa Assels
Sustainabiity " "ksse!s . ‘ Divers mm W
. I | I I lanagement Mwnm

[ 1

[ —— skt
Tripe Bottom -&
Risk Resllency e cmnnmm Mﬂmm Dava Dala Data
Management Management Management """“ Aaqu.smmn Mmagemem Analysis
Sww_pipe_aopications”

Predicted
Parameters

Prediction
Agorithms

Avalabily (Capacity Asssance)
Clean Water Act

ater
‘Capacity, Management, Operations, and Maintenance (CMOM)
Fire Protection

FOG Control
Infitraton and Infow

|mm||rmm|| Senvice

@@@@@@

@ \Water Pipe Applications

e | [ Formrans | [ e

@@@@@@

Wastewater Pipe Applications

Integrity
toctdseres

8is.
StructralSustainabity
Water Loss

Water Qualy

10



Water Infrastructure System Knowledge Database
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Water Infrastructure Management

To address deteriorating Water
Infrastructure Systems by
understanding current best
management practices.

Participating Utilities’ Benefit:
1. Be part of international database for water infrastructure

2. Learn from other utilities’ success or mistakes

3. Information to handle aging/deteriorating infrastructure
4. Improved understanding of Risk based asset management
5. Up to date information on best practices and new technology

A=COM k34T WaterOne

Water District No. 1 of Johnson County

listen. think. deliver.

( N Water
( esearch
) Foundation*

100 Case Studies on:
Condition Assessment
*Renewal Engineering
Cost and Finance

*Risk Assessment

Asset Management 12
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RECLAMATION . °
Managing Water in the West \
100 Federal Facilities 500 Water Utilities

Federal Register - OMB Control Number: 1006-0031, Expires 10/31/2021
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 studies and analysis of the
performance of water pipeline infrastructure systems.

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

NO COST FOR UTILITY TO PARTICIPATE IN THE NATIONAL WATER PIPE DATABASE PROJECT




Google  amazon PIPE/D mn Microsoft @esri”

PIPELINE infrastructure DATABASE

Modeling Platform

Standardized Data Centralized Platform Reliable Models

Participating
Utilities

Better Data + Better PLATFORM + Better PROCESSES =
Better WATER INFRASTRUCTURE ASSET MANAGEMENT”



PIPE/D Overwew www.pipeid.org

Q \W*EBF PIPELINE Infrastructure Database (PIPEiD)
i @ is envisioned to be “a Living Database
Platform for Advanced Asset Management”
addressing all three major management
levels including strategic, tactical, and
operational that will assist water utilities
of all sizes to sustain targeted level of
service.

SWIM Membership My account
An unique OPPOTUNIY  , Create content
to support the » Administer
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Table
A collection of rows, each containing the same
fields. Feature classes are tables with shape fields.

Feature class

A table with a shape field containing point, line,
or polygon geometries for geographic features.
Each row is a feature.

mm |. Podsol Soils
1 Il. Gray Brown Podsolic Soils
mm 11l. Red and Yellow Soils

1 VIIl. Gray Desert Soils @ Raster dataset

@ V. Prairie Soils mm Soils of Pacific Valleys Contains rasters which represent continuous
mm V. Chernozem Soils 1 Mountainous Areas "

mm V1. Dark Brown Soils 1 Nebraska Sand Hills Areas geographlc Phenomena‘

— VII. Brown Soils * NBS (NIST) Sample Burial Site

\ __12..—-/




Benefits for Participating Water Utilities

FHMA Vel vch Cliratorsom

- Standardized Data

« Comprehensive Standardized Data

« External Data Service
+ Utility data will be combined with
external data sources like EPA,

USGS, SSURGO, NLCD, etc.

[ns (4" and larger) length vs Annual Avg. O&M costs

Breaks Vs Leaks

- Data Analytics
« Strategical - General Information
« Tactical - Pipe Performance Analysis
 Operational - Advanced Models/Tools

Total length (miles)
BEEEEEEEE |15z

- Decision Support
 Preliminary Analysis of the
Standardized Utility Data
« Visualization of GIS Web-
applications for decision support




Water Utilities Engagement and Services

Data Collection, Compilation

and Database Management

Statistical Qualitative and
Quantitative Analysis for

Information and Knowledge
to Support Advanced Water

Hypothesis Testing Pipeline Asset Management

Cross Scale Interaction _

Cohort Analysis _| Global Trend Emerges

A

LOCAL

ANALYSIS ((Dasa &

[\

Identify the high-
level trends across
the country and

GLOBAL
ANALYSIS

18




Project Tasks and Activities

1. Set up Introductory Meeting with Utilities

2. Collect Data from Utilities

3. Collect Data from External Sources

4. Standardize Data (Utility + External Sources) according to SWIM Data Standards

6. Strategic Level Analysis for Water Pipe Performance

7. Tactical Level Analysis for Water Pipe Performance

8. Operational Level Analysis for Water Pipe Performance

IN FORMATION 10. Project Deliverables — Final Report, PIPEID Website, and User and Technical Manuals

CENTER




Ecological Cohorts

o  Climatic
conditions
(arid, coastal,
arctic,
mountainous)
Natural event
conditions
(earthquakes,
hurricane,
cyclone,
floods)
Operational
conditions (soil
temperature,
groundwater,
traffic loading,
railway tracks
and others)

o
Friction
Fa

Metallic

Performance Analysis
Framework

Plastic Cementitious

TLLELE

Design and
Installation

Internal

Corrosion
Protection
(Lining)

l

Diameter

<16"

16"_36" >36"

Corrosion

External

Corrosion
Protection

(Coating/
Wrapping/

Cathodic
Protection)

(&

Groundwater
Corrosivit

Failure and
Defect
LGEIVSH

Unpredictable
Events

Traffic
Loading
(Roads,

Railways)
Frost
Loading
Frost Action
bedding
Soil
Temperature
Regime

Hydraulic Frequency of

Pressure

Mean Age at
First Failure

Successive
Failur
Failure Mode

Failure Root
Cause

earthquakes
(Proximity to
fault lines)

Frequency of
Pressure
Surge Events Coastal Area
(Saltwater

Intrusion)

Third party
damage

Proximity to
valves and

pump
stations

Failure Rate
Temperature

Descriptive Analysis

Characteristics: Material,
Lining, Coating, Cathodic
Protection distribution

Trend Analysis: Installation
and Failure Trends

Performance Analysis:
Influence of performance
parameters

Risk Analysis: Risk Matrix
developed using LoF, CoF and
Criticality

Economic Analysis: Future
spending, Lifecycle Costs and
Optimum Replacement times

and methods

Hp ==

v - Z
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Key Deliverables

. Understanding the Pipeline Infrastructure Systems

. Developing the data Standard to Support Analysis

. Developing the Protocol for Database Management

. Understanding the Pipeline Descriptive Analytics

. Understanding Pipeline Performance Characteristics
. Understanding Risk & Life-Cycle Economic Analysis

- Developing Visualization & Decision-Support System



Root Cause of Failure

Overall by Root Cause

DEFECT

3RD PARTY
SEAL FAIL

BEDDING

OTHER

SETTLING

CORROSION
DI <16" by Root Cause
SEAL FAIL
CONTRACTOR
SETTLING

BEDDING

3RD PARTY

OTHER

CORROSION

UNKNOWN

Cl <16" by Root Cause

DEFECT

3RD PARTY
SEAL FAIL

BEDDING

OTHER

CORROSION

SETTLING

Root Cause of Failure for <16" Cl

Improper Installation
Electrolysis

Graphitization
UNKNOWN Ground Shift

Other

Unknown —

Corrosion
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210 240 270

Correlation Analysis

25 35 45 210 230 250 270
11 1 1 | I N I |
WaterTablelpepth * %% * %% * * *
013 -0.71 0.32

*k%

0.077

**k*
0.23

0.0032

FfostFreeDays

150

50

700 900

diameter

diameter

Clustering Analysis

cluster

cluster

diameter

diameter

k=3

age
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Survival Analysis (Cl Pipes)

1.00

e
o
o

Survival probability
o
3

o
N
3

p <.0.0

0.00

50 100 150
Time

Material
~ AC

== COP
== DI

== PCP
== PVC

Survival probability

1.00

0.75

o

1

S
!

0.254

0.00 -

For Cl pipes, lined Cl pipes (CCL) are more durable than unlined ClI pipes (DCI, SCl and UCI)

Cl Material
=~ CCL
== DCI
=== SCI
~ ucl

p < 0.00

50 100 150
Time

Subgroups of Cl pipes

We are piloting to understand Survival function based on
different material, diameter and ecological conditions

24



Performance Analysis - Practice

Given the different scaling methods, the 1-5 scale is mostly
widely used, and it is also proved to be a balanced tradeoff
between the granularity and statistical significance.

Decay curve after
rehabilitation

4
i_\‘ Do n}(hing

T

Maintain
Nominated minimum l

4—5— service standard

i t

Rehabilitate

—

EXCELLENT

2 GOOoD
£ !
g3 FAIR
e
9]

4 POOR

5 VERY POOR

FAILURE

0%

% Useful life

100%

|_Grade | Representation | Range |

Condition Index

Excellent 100-81
[ 2 Good 80-61
BE Fair 60-41
[ 4 | Poor 40-21
[ 5 | Failed 20-0
4in - 6in Cast iron curves
Nl

Pipe Replacement

66 72 8 93100 120739 13

Age
s Family 1 - Cast Iron:<1925:4-6:0ther Soil
Family 2 - Cast Iron:1925-1949:4-6:Other Soil Family 13 - Cast Iron; 1950-1959:<10
e Family 4 - Cast Iron:1925-1849:4-6:0ther Fine Soil e Family 4 - Cast Iron:1959:4-6

20 40

s Family 3 - Cast Iron:<1925:4-6:Fine Soil

(1AnwOL/4) syey sbeyesig
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RISK ANALYSIS - METHODOLOGY

LoF values obtained from Likelihood Color
Performance model of Failure
Score

Failure Score Coding

—_ Insignificant

Research Team developed CoF Very &8585 Light Minor
model using different techniques like n Good nght Green Green
weighted factor and fuzzy logic [ 3 | Fair Yellow _ e e
i Poor Orange “_ Major
LoF and CoF obtained on 1-5 scale Verypoor (R SR MRS Catastrophic
5x5 Risk Matrix |
CoF model takes a triple bottom line
approach
— 5 modules: Economic Impact, |
Environmental Impact, Social 3 (Almost Certain)
Impact, Operational Impact and 4 (Hikely)
Renewal Complexity capture 19 S Fosstble
o 2 (Unlikely)
parameters a

— Models assumptions vary with
diameter range

— Model can be applied to all
materials

4 5
(Major) | (Catastrophic)
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RISK MATRIX DEVELOPMENT

* 5x5 risk matrix plotted with 4 different
risk zones

— Red- Very High Risk
— Orange — High Risk
— Yellow — Moderate Risk
— Green — Low Risk
» Risk Matrices developed for different
scenarios

— Pipes in high corrosivity ecological
cohorts

— Serving critical infrastructures
— Different pipe materials
— Large and small diameter pipes

* Need to be updated into a 3D Risk
Matrix to account for Risk Policy

Meges oo o
41 ® camd BBV
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Water
Pipeline
Performance,
Risk, and
Economic
Analysis
based on

Ecological
Cohorts
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M Somewhat Poorly Drained
[ ] Poorly Drained
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[ ] Subaqueous
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Spatial and Temporal Analysis
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NATIONAL WATER PIPELINE PERFORMANCE

Steel Corrosion Potential

Guif of
Mexico

B High MEXICO
B Low
Moderate

Source: Data collected from Soil Survey Staff, Natural Resources Conservation
Service, U.S. Department of Agriculture Soil Survey Geographic Database.
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SWIM Center Education & Outreach

N7/

0
Sl &=
SWIM Program
/I

\

\

Sustalnable Water Infrastructure Management

Excel in Your Professional Career!
Learn the Latest Topics in Water
Sector Asset Management.

The Sustainable Water Infrastructure Management (SWIM)
Center at Virginia Tech offers an education program in
Water Infrastructure Asset Management titled SWIMeD. a A\
The aim of the SWIMeD program is to broaden and deepen o ..4‘.\
the body of knowledge for practicing drinking water,

wastewater, and stormwater professionals. B

Plus - Earn Your Asset Management %2%2
Certificate and CEUs/PDHs from VirginiajTech! ML

N
BALLSTQN ROOM % EAST/WEST FALLS CHURCH ROOM

() = MONASH

Lo University

UNIVERSITYOF
BIRMINGHAM

European
Commission
I

i
GLOBALINTIATI OF ACADEMK NETWORIS

Ministry of Huhan Resoﬁrcé bevelopmenl
Government of India 382

Il UNIVERSIDAD DE
GUANAJUATO

CONACYT

Consejo Nacional de Ciencia y Tecnologia



NSF-ERC SMART ONE WATER (SOW)

Siloed, heterogenous, and rigid infrastructure
and institutions. Priority given to controlling
environmental variation through stable
operation and reactive response.

Integrated, homogenous, and flexible
infrastructure and institutions. Priority
given to maintaining resilience through

adaptability and affordability.

TRANSFORMATION

CUMULATIVE SOCIO-POLITICAL DRIVERS

: :

Water Public Health Flood Social Natural Equity &
Access Protection Amenity Resources Economic
l l l Development

215t Century

WATER SUPPLY WASTEWATER STORMWATER WATERWAYS WATER CYCLE “ONE WATER”

Quality & Treatment Green Pollution Healthy Smart One
Quantity Process Infrastructure Management Ecosystem Water Services

T SERVICE DELIVERY FUNCTIONS




Data Collection, Compilation, Data Cleaning, Analytics, Data Visualization and
and Database Management and Artificial Intelligence Decision Support System

US Census, USGS, USDA, ORNL, Anomaly Detection, Pattern Real time Control, Adaptive
USEPA, NOAA, Financial Entities, Recognition, Relational Analyses, Monitoring and Control, Early
. Cities and Utilities, Counties, Uncertainty Analyses, Time Series Warning System, Preparedness
_a Growers, and Industry and Spatial Statistics Planning, and Visualization

VERTICAL ELEMENTS
Water Y Water . )
EEETTEG = I Ecosystem Bulldmgs and AN N Knowledge Domains
k Demand Public Realm and PubI|c * Knowledge Capture

* Knowledge Graph

Management
\Management _—

.v T B
y gy,
- = ~
Agriculture -__&g’ y Dat
Water -; v " l . ata
% ? g 0 Analytics

Planning an
Services g ga d

00,
Urban Design > : 4 '.‘.
Inf rt'eent B = Coastal
N nfrastructure "N - 2 <]
Catchment w N / 1 N Development

Management Smart \-7 ’é’ _ q 4 d Community
b. =7
K “

=y Y
Infrastructure - thje:i):;:t ) Outreach

Rivers and

HORIZONTAL ELEMENTS Waterways fsset % ¢
. Management Resilient ;
* Intelligent Search Agents t
« Data Analytics & Machine Learning @ Management Services Infrastructure Sy’ Sustainable

. Infrastructure 28
* User-Friendly Interfaces ‘ Infrastructure Services &



Grand Challenges for Water Research and Education

Recent floods, droughts, fires, tsunamis, tornadoes, earthquakes, and
aging infrastructure remind us that natural, technological, and human-
caused hazards take a high toll on communities. Costs in lives,
livelihoods, and quality of life can be reduced by better managing
risks through advanced water infrastructure systems planning,
design, construction, operation, management, and renewal.

“How a nation built, operate, maintain, retrofit, and expand its water
infrastructure systems will help determine the quality of life for future
generations and that nation’s competitiveness in the global economy.”

We are now largely presumed to be living with the emergent fourth
industrial revolution that is fusing our physical, digital, environmental,
ecological, and societal experiences with an unprecedented pace of
change and by integrating transdisciplinary research and education.

It will require use of “SYSTEM OF SYSTEMS APPROACH” & “BIG DATA ANALYTICS”




Thank You!!

ssinha@vt.edu; 540-231-9420
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