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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.
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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.

— 1SO 55000
— EPA 10 Step Process

2. What is my required
1. What is the current state of my assets? level of service?

Determine
Life Cycle &
Replacement

Costs

Develop Assess Determine
Asset Performance, Residual
Registry Failure Modes Life

Set Target
Levels of
Service (LOS)

Determine Optimize Optimize Determine
Business Risk O&M Capital Funding
(“Criticality”) Investment Investment Strategy

Build AM
Plan

3. Which assets 4. What are my best O&M and 5. What is my best long-term
are critical CIP investment strategies? funding strategy?
to sustained
performance?
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Models and Tools for Decision Support

A
External Loads; External Loads; I Web GIS Framework | o
Seismic and third Live load (traffic, Dead loads (soil, 2
party interference raibways rumways) structure, stockpile) 'Y
£ e 4 >
i o
Trench Backfille: I Modeling Platform | -
Material, Trench =
width ]
-
=
Cover depth I Database Structure | o
| Pipe Length and Section Length | v —
f 1
Construction and o Global
Inatallation CRACK FRACTURE
s Procedure
e »
- Pipe Age - Wastewater pH 1 " g
- Pipe Material - Flow Rate Groundwater »
e P ol e ]
- Jaint Type - Hydrogen Sulfide, 'EITEHHM-H INTERNAL
- Operati S5Ure CORROSIO CORROSION = n =
2 0 Bré e | Strategic I | Tactical | I Operational I
Bedding Condition Infiltration and | Informational I | Engineering | I Management |
! Exfiltration
- | Management Decision |
Stray Currents, Coating Differential Settlement, Water pH, Water Sulfites,
Properties, Soil Resistivity, ground mavement Chioride levels, flow rate,
Soil pH. Soil Sulfites, lining properties, other
Groundwater
System Parameters
Sustainability & Resilience Consequence of Failure Life-cycle Costs
Planning, - _
" q Operation & Failure and
Magﬁ?;?:?ufing oS ellation Maintenance Forensic Renewal
* Feasibility Study eBedding Support e|nternal Factors +Failure Mode and *Repair/
* Design Contingencies eInstallation Methods Bl Faeiers Mechanism Rehabilitation/
-Manufacw!ring Process *Inspection Third Partv D +Soil Testing Replacement Methods
ST TRIIIES eTransit Drainage el ey BRI +Coupon Testing and Techniques
Renewal
| Baseline Parameters O&M Parameters \_ Parameters _/
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Failure Prediction & Deterioration Model

Grade | Representation Definition

Very low probability of failure;

Excellent Excellent expected service life;

Almost no deterioration or corrosion;
Low probability of failure;

iarbernal 2 Good Satisfactory expected service life;
—TrY A little deterioration or corrosion;
T Acceptable probability of failure;

Mt 3 Fair Acceptable expected service life;
Acceptable deterioration or corrosion;
Hard-to-accept probability of failure;
Poor Short expected service life;
Obvious deterioration or corrosion;
Unacceptable probability of failure;
Unacceptable expected service life;

8 6% - Very Poor Unacceptable deterioration or corrosion;
8 e The pipe can no longer provide service

Age (years) I (need to be replaced)

Hazard Rate (Fipeline Failure Per Year)

Maximum Pipe Performance Life
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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

e

Final Report

Aot Manage=est of Forge Wain Infrestructure

i; J
£ -
T &

HNAL
RECORT =

Predicting the Remoaining Economic Life of Wostewater Pipes

b e by
@
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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

—eoe@ - -
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Phase 1. Data Standard

Gravity Pipe Data Standard Force Main Pipe Data Standard
» Updated from earlier Phase Il work * Developed new for this research
» Contains essential and preferable * Contains 92 parameters
parameters (total of 118 parameters)
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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.

Participating Utility Raw Data
GIS Insp. SSO’s  Other

Data
ransform

PIPE/D

PIPELINE infrastructure DATABASE

External Sources

Resi. Other

Traffi
C

—eo® -
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Phase 2— Extending Grading Scale

10 Point Scale

Wastewater Pipe Deterioration Curve

1 Excellent I
5 Point Scale - T —— A
2 Very Good . 2
1 Excellent 3 Good <, . 3 g
2 Good 4 Satisfactory | 4 N | "_: 2
3 Fair 5 Faur g3h--——————————--° ———————- o F
6 Bad = % =
4 Poor — Boor = 3 \—“l— 7 ,3
: ! ) B el T 4
> Faled 8 Very Poor = R 2 >
9 Failure 5 A
10 Failed el 10
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Phase 2. Performance Index

- Defect Index VS. Perform d
erect Inaex L Fertrormance inadex
_ Relative
Defect type Code Weight Purpase of Criteria Weighting | ommlzd e
Roots Analysis Weighting Fartor
fine roots, restricting flow <10% RL 2 IC"S;F;:,MDEM“&‘M(S“““M
10% to 25% diameter loss RM 8 PR Cood 0 0.0 5
> 25% diameter loss RS 10 Woderate 1 0.50
DEbriS . ] Poor 2 1.00
. Pipe Material

< 10% flow restriction DEL 5 AR Cast [ron 1 033 4
10% - 25% diameter loss DEM 8 Diuctile Iron 1.5 0.50
> 25% diameter loss DES 10 Fipe e Tretallaion Dak LR £ 100
Encrustation V. S . 1980 to Present 1 0.20
< 10% flow restriction EL 2 1960 to 1979 3 060 3
10% - 25% diameter loss EM 8 BPpLe 22 o
> 25% diameter loss ES 10 Depth '
Protruding service connection Euxisting Depth = Th&DrﬁEEﬂiﬁ- 0 000 .
< 10% flow restriction PL 2 — : £

) Existing Depth = Theore tical Ivlax.
10% - 25% diameter loss PM 8 g Dot Allowable 1 100
> 25% diameter loss Ps 10 9 Orperating ‘;?ndignsd_ﬁ

. aH nAd1ons
l[‘lﬁlt_l'i'l.t]l')l'l o E Operating Internal Pressure =
Seeping, dripping 1L 2 8 Theoretical Allowable Operating ] 0.00
F:unn_ing, trick!'ing IM > E Operating Intermal Prlzéziiem: :
Gushing, spurting IS 10 j Theotetical Allowable Operating 1 1.00
- Pressure
Baltimore County Force Main
WRC Defect Index
Performance Index
—0- 0000
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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 ) 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

Internal External :
. ‘ Pipe
Environment | | Environment
Performance | Performance
Modules Modules Perf‘unmnf:e Fxplanation
(Gravity) |(Force Main) Scores
Integrity Integrity 1 Excellent
Internal Corr. | Internal Corr, 5 Very Good
External Corr. |External Corr. 3 Good
Surface Wear | Surface Wear 4 Satisfactory
Joint Joint 3 Fair
Lining Lining G Unsatisfactory
Blockage Blockage 7 Poor
Iand I Capacity 8 V. Poor
Root Int. 9 Failing
Capacity 10 Failed

V37~ VIRGINIA
TECH
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Phase 2. Performance Index

' ™ R
Integrity Module *Evaluates the structural integrity of the pipes.
\_ o
- . ™ )
Internal Corrosion *Evaluatesthe extend of corrosion inside the pipe wall proneto
Module internalfactors such as H2S buildup.
h "
' "
External Corrosion sEvaluatesthe extend of corrosion at the external surface of the )
Module pipe walls prone to outside influences. )
Surface Wear sEvaluatesthe extend of wall erosion, spalling, tuberculation and )
Module other defect which might cause interruptions of flow.
h A
' ™

Joint Performance N
*Evaluatesthe performance of joints
Module )

oy« =
Lining Performance *Evaluates the performance of lining (if present)
Module .

*Evaluates reduction of pipe effective diameter due to sediment,
fats and grease, or mineral buildup.

N
/
&

Blockage Module

Capacity Module *Evaluates the flow and the overall capacity of the gravity pipes.

16 © 2021 The Water Research Foundation. ALL RIGHTS RESERVED.



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

Example . C;

O cs1 . es5
Deterioration
State Based Time Based
YEAR
0 20 40 60 80 100 100 _
1 e - 5.7437x-5.742
w O‘“ 80 y=57437x-5.
s ®e. E 60 et
z 3 9 S y=57439x-5.7439 _ .
S - I
2 -
z > ’\. g 20
a LN &
£ 7 .\ = 0+
= (o]
= LR o 0 5 10 15 20
£ 9 ® e}
E = YEAR
—0- 0000
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Phase 3. Performance Prediction Model

Step 8.b Integration of Operational Level Models

’ Operational Level State Dependent Model ‘ pacp_overall .
° . . ) - - Integrity |date_complet| . . X Age at
us_node_id | ds_node_id | Install Date Length material |_index_ratin joined_pipe_type -
T e Index ed Inspection
Operational Level State Dependent Model WWVA VC 01A-3657.0 | 01A-3652.0 | 1/2/1960 | 152.0445 vep 114 228 | 6/14/2012 COLLECTOR 52.4865
Class #1
12 01A-3657.0 | 01A-3652.0 [ 1/2/1960 152.0445 VCP 1 2 10/5/2010 COLLECTOR 50.79355
y = 3E-15€0017%
% 10 Rl 1
£ 8 s Operational Level Time Dependent Model
o *
S 6 o v
Q; ‘, ® Performance . .
2 4 - Operational Level Time Dependent Model WWVA VC
& R sy Expon. (Performance)
g, . *® Class #1
= oo®
o © 12
1900 1950 2000 2050 2100 2150 8 10 y = 3E-12€0.0136
Year & R?=1
E 8
L ® Observed
g 6
> projected
Eo A .. Expon. (Observed)
€2 — il Expon. (projected)
0
1900 1950 2000 2050 2100 2150

Year

Calibrated Operational Level Deterioration Curve WWVA

VC Class #1

12
@
e 10
£
§ 8
3 6
o
e R =
g)ﬂ 2 e
E 4444444444444444444
Y

1940 1960 1980 2000 2020 2040 2060 2080 2100 2120 2140
Year
Time Dep. State Dep.  +eereeee Poly. (Calibrated)

Invent the Future

W) VirginiaTech i WWERF .

Water




Data Validation - Population

Participating Utilities - Gravity

—0- 0000
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Data Validation— Stratification

TG ES M 1896to  1901to 1921 to 1947 to 1957 to 1976 to
1900 1920 1947 1956 1976 present
“ pre 1950 1951 to 1961 to 1981 to 1990 to 2002 to
1960 1980 1990 2002 present
“ 1942 to 1955 to 1963 to 1971 to 1981 to 1991 to
1955 1963 1970 1980 1991 present
“ pre 1950 1951 to 1961 to 1981 to 1990 to 2002 to
1960 1980 1990 2002 present
“ 1896 to 1901 to 1921 to 1947 to 1957 to 1976 to
1900 1920 1947 1956 1976 present
vitrified Clay Pre 1915  1915to 1955 to 1975 to 1983 to
1955 1975 1983 present

— 0@ -0
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Data Validation— Record Selection
Process

Segments with no renewal Segments where renewal
activities was performed
* Time /T\
dependent .
Pipes with 3 or more Pipes with 2 inspection Pipes with 1 inspection Pipes with no inspection
VS. State inspection records records record records
Dependent
data .
o State change occurs No State change occurs No state change occurs
* ldentified a
State change occurs in first State change occurs in first
reco rd S inspection but not in inspection but not in State change occurs
: consecutive inspections consecutive inspections
selection T " .
p rocess to State change occurs for two ) State change occurs both
inspections first and second
separate the |
tl me an d State change occurs for .
St a t e three or more inspections
dependent e
d d ta Pipes with 1 state change Pipes with 2 or more state
change

— 0@ -0
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Piloting Results — Network Level

45.00%
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%

5.00%

0.00%

Network Distributions

1 2 3 4 5 6

B Network Distibutions

10

Moumber Parameter Valae LT
1 PIPEDD SFE-031-4072 I
1 Eieak =5 Yeds Nix TaaMin
3 Calhodic Profeciion i) TeaNn
4 Extersal Conting MO TaaMi
3 Flow vedncity Umknown Fse:
& Foreien Anode= Distanee 13 Ft.
T Criovemsd Cover Chravel Type
i HIs Tnikniwa ppm
kil Live Losd High Type
10 Woide Length 356,32 Fist
11 Operwimy Pressure Lmknowm PS5l
12 Pipe Age 5d Years
13 Pipe Break Tl eoMe
14 Pips Dapih 1 Fit
15 FPipe Diamaher & mch
1& Py Jomy Typs Trnknows Typs
17 Fipe Linmg M YesMo
18 Pipe Locabion Radread Type
12 Pipgs hNaterial Drecile [1on Type
0 Pips Renewal Mis YoM
21 Fipe Shaps Circelar Type
22 Fipe Slope Tnknows a3
23 Py e Tress Al Frat
24 Stray Currents Yes YesMo
15 Tidsl InfMeetices ] RN
] Wall Thieknes Unknews %
27 Gias Pockets Umnknowm Humbr
28 Fuctor of Safety Lefl Unknows Factar

Index Qutput =9 (Failing)

Module = External Corrosion

Reason = Presence of Railroad and
Possible stray current

— 0@ -0
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Piloting Results — Asset Level

Number Parameter Source
1 Line Number GIS
2 id GIS
i Pipiﬁi‘tfﬂal gi: Evaluated all available 17031
5 Pipe Diameter GIS segments from participating utility
6 Pipe Age GIS
7 Pipe Location GIS Field measurements on,
8 Pipe Joint Type GIS
9 Pipe Slope GIS Pressure
10 Node Length GIS Flow (gallons/min)
11 Pipe Lining GIS ..
12 Failure Type Failure Data Remalnlng factor of Safety
13 Cathodic Protection GIS Number of gas pockets
14 Soil Corrosivity USGS
15 Pipe Break Rate Failure Data Length of gas pockets
16 Pipe Break <5 Years Failure Data
17 Operating Pressure Sahara Inspections Extracted soil Corrosivity from USGS
18 Flow Velocity Sahara Inspections database.
19 Treatment Plant GIS
20 Number of Gas Pockets | Sahara Inspections
21 Length of Gas Pockets | Sahara Inspections
22 Remaining factor of Safety BEM
— 90800 23

23
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Piloting Results — Asset Level

—0- 0000

Regions of Interest
Cast Iron Pipes
High age: >70
Unlined
Prone to Tidal Influence
Corrosive Soil

RCP 25; (bl;;k) :; RC group AC
rcep, 7% - . : 9% 6%

1%

pPCcp
11%

pCCP

19% HDPE

1% e

DI
HDPE 15%
1%

SYSTEM MATERIALS FAILURE EVENTS
(Current Composition, 2.6M ft) (25-yr Period, 194 failures)
24
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Piloting Results — Asset Level

Wall pH

Phenolphthalein Testing for AC

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

AC Pipe

Wall
Strength

Template
e

Dakota CMX DL + Wall thickness
Testing for DI

25
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Piloting Results — Asset Level

* In Situ Tests and Water, Soil samples were conducted to measure;

\[o}

O 00 NO UL WN -

Parameter

Cathodic Protection

FOG
Ground Cover

Ground Water Table

H2S
Height of Bedding
Pipe Age
Pipe Depth
Pipe Diameter
Pipe Location
Pipe Material
Pipe Shape

Test
Field Observation
Field Observation
Field Observation
Field Observation
H2S Monitor
As Build Records
As Build Records
As Build Records
As Build Records
As Build Records
As Build Records
As Build Records

No
13
14
15
16
17
18
19
20
21
22
23
24

Soil Resistivity
Soil Type Field Observation
Stray Currents
Thrust Restraint
Tidal Influences
Wastewater pH

Parameter Test
Soil Moisture Piezometer
Soil pH Piezometer

Earth Ground Resistance Tester

Earth Ground Resistance Tester
As Build Records
As Build Records
Litmus paper

Turbidity Turbidity Tube
Wastewater Temp Thermometer
Wall Thickness (AC) Phenolphthalein
Wall Thickness (Metallic) Ultrasound

26
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Piloting Results — Asset Level

Total Number of Segments = 736
True Positives = 537
True Negatives = 199

Accuracy =% 72.69

—0- 0000
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PIPELINE infrastructure DATABASE

pARTMENT OF THg |
allbd <.

RECLAMATION

Managing Water in the West 100 Federal Facilities 500 Water Utilities

Under the United States Congressional Direction

Federal Register - OMB Control Number: 1006-0031

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. e

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



PIPE/D

PIPELINE infrastructure DATABASE

Benefits for Participating Water Utilitie
°* Standardized Data

* Comprehensive Standardized Data

* External Data Service
* Utility data will be combined with
external data sources like EPA,
USGS, SSURGO, NLCD, etc.

Water Mains (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

I RERE

length (miles)

Breakage Distribution based on | [JRcRE]

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




PIPE/D

PIPELINE infrastructure DATABASE

MODELING APPROACH & DATABASE PLATFORM
PIPE/D o &) WWERF

PIPELINE infrastructure DATABASE LﬂyiiginiaTech.
A w _ —
Hiehl' 3 o Process Models .
O g An unique Opportunity 4, Create content
o supgort the » Administer
g ‘Q mmma:ny .:'Enmn _wd_dm_n
- . o Annual SWIM L o
v — g. Knowledge-driven N oo
[sT4] Q - issues related to water SECESESAEEASE
Tl & 3 Data-science Models e sl
E n a PIPEID \'{crkshop KNOWLEDGE BASE
g 1 ) i Ygre { ;. : Focused on enhancing
o| & 8 e U g
k-3 —
2
o = 9
g g E User Front patabase Frop, /Modeling Front\
- ) ... abase
x Ignore System Understanding / \ '..‘..‘&" s
@PoslgreSOL I
Drupal \
Data-based Models Tear e
Registration/
Low > Pﬂv"lw .
Low Use of Data High e Geocatabase
Edit
i, Model . . '.
Applications




PIPE/D

PIPELINE infrastructure DATABASE

Data Source PIPEiD DATABASE ARCHITECTURE

| Performance Analysis |
Framework

Descriptive Analysis
Characteristics: Material,
Protection distribution

l Trend Analysis: Installation

and Failure Trends

Performance Analysis:
Diameter Influence of performance
parameters
<16" 16"-36" >36"

Ecological Cohorts
Climatic
conditions
(arid, coastal,
arctic,
mountainous)
Natural event
conditions
(earthquakes,
hurricane,
cyclone,
floods)
Operational

Failure and
gn and Corrosion Defect
llation Analysis

Unpredictable
Events

Water Infrastructure  Transfer ~ National Data  Information
System Data Standards Holding Products

Internal External

Soil Hydraulic Traffic Mean Age at | Frequency of
Corrosivity Pressure Loading First Failure earthquakes

Stray Current Frequency of (Roads, (Proximity to
Corrosion Pressure Railways) fault lines)
Protection Surge Events Frost Coastal Area
(Coating/ Proximity to Loading (Saltwater
Wrapping/ valves and Frost Action Intrusion)

Corrosion
Protection
(Lining)

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

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

Failure Root

Cathodic pump Lo Cause

Protection) stations bedding Economic Analysis: Future

— Soil spending, Lifecycle Costs and

ra timum Replacement time
ndwater I — Tempell’iture Optimum Replaceme es
C Regime and methods

e == @

- 7




PIPE/D

PIPELINE infrastructure DATABASE

Data Storage & Mapping

Water Infrastructure  Transfer National Data  Information
System Data Standards  Holding Products
Conditon -, PR L L Gy
Assgssmmt : +od Models can Reporting ] -'-t_
Environment ' e Services | |
Groundwater : — h[ o |: P oy
' . I cEs |
- E e
Financial ‘ : —-— —
. : — ]
Sodial ‘ : ..l ] Gooipatiol Datobiie
Y _— ! |
Entitlements - : : ]
: | sear | A
2 -

==l 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.

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

=3 VIIl. Gray Desert Soils' ##d Raster dataset
EEEE
EEFF

opnpnpn

C’-(;:aifie So“ss ; = ;0“5 Sf.PaC"iiVa”eVS Contains rasters which represent continuous
» ernozem Solls [ Mountainous Areas H

VI. Dark Brown Soils [ Nebraska Sand Hills Areas geogr‘aphlc phenomena‘

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

‘-..__________ __——_____.,.—f




PIPE/D

PIPELINE infrastructure DATABASE

Water Utilities Engagement and Services

. o Statistical Qualitative and Information and Knowledge
Data Collection, Compilation o ;
Quantitative Analysis for to Support Advanced Water
and Database Management : : o
Hypothesis Testing Pipeline Asset Management

Cross Scale Interaction _ Cohort Analysis _I Global Trend Emerges

LOCAL
ANALYSIS

Identify the high-level
trends across the
country and around

GLOBAL
ANALYSIS




PIPELINE infrastructure DATABASE

Artificial Intelligence Application for Water Pipelines

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

Standardized Data

Centralized Platform Reliable Models

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

E
1)
L]

Neuron in our brain.

Hidden nodes layer

Input nodes layer

Input x1 Output nodes layer
_’. 3
) Qutput vl
T YN WA A >
put
_’.
Cutout y2
Inpul x3
_’

‘ Neural Network develop using A.l. ‘

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

» Memorization

I
— 5
; —)
INPUTS OUTPUT
; Iy
UNSUPERVISED SUPERVISED
Input Hidden Output
layer layer layer .
TORE s
LY KT . YR
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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
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