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WEB-BASED PLATFORM FOR FORCE MAIN INFRASTRUCTURE ASSET MANAGEMENT

VAMSI MOHAN BHASKAR DASARI

ABSTRACT

Asset management of force main infrastructure entails accurate prediction of the condition of the
system to operate and maintain at the lowest overall costs. In this thesis report, guidelines for
asset management of force main infrastructure is provided by synthesizing the trends observed in
the inspection, condition assessment and renewal engineering strategies. Furthermore, this thesis
focuses on development of a centralized web-based platform for advanced asset management of
force main infrastructure. The key components involved in this comprehensive asset
management of the force main infrastructure are data management, model implementation and
information visualization. The thesis depicts various aspects involved in developing a web-based
application for utilities that store, collect and analyze the data in dissimilar methods. A risk
assessment model employed by a utility to prioritize the assets for renewal is demonstrated with
various utilities' data. Consequently, the model is published as geo-processing services through
ESRI ArcGIS Server. A visualization tool is developed for individual utilities that interacts with
the geo-processing services and renders a web-based interactive map to visualize the model
results. A drupal website (www.pipeid.org) is developed to support the data collection and model
dissemination process.
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CHAPTER 1.0

INTRODUCTION

The wastewater collection system consists of network of pipes and pumping systems to
convey the wastewater for treatment. The major components of a wastewater collection system
include: gravity sewer lines, force mains, manholes, treatment plants and lift stations. According
to the 2004 WERF survey, 7.5% of wastewater collection system assets are force mains.
Traditionally, most utilities have relied on a reactive approach to managing their force main
assets. The main reason for this approach is the difficulties associated with force main condition
assessment, as it should be taken out of service for inspection which is a major limitation.
Moreover, providing a by-pass service during inspection is typically very expensive.

Over the next two decades, $300 billion is estimated to be required to meet the needs of
the failing wastewater infrastructure system (ASCE, 2013b). The renewal of pipelines associated
with the failure comprises the largest share of the capital need. The investment needs should be
met immediately; otherwise, it would jeopardize the condition of the pipes, which are
approaching the end of their service life. The condition assessment of the critical pipelines
requires financial resources, which affect the decision making process of repair, rehabilitation,
replacement, operation and maintenance.

Understanding the definition, location and condition of the force main assets can be
supported with data and information systems to make good decisions in infrastructure asset
management. This involves data management of extremely large data sets which entail
synthesizing, analyzing and visualizing large quantities of information. The key elements in this
asset management framework are data collection, data storage and retrieval, and data analysis
(Flintsch and Bryant, 2006). The level of detail of collected data depends on the hierarchical
level of the decision made. When significant detailed information is collected, it is an expensive
operation which involves significant amount of storage issues. Additionally, analyzing the data
to retrieve meaningful and necessary information is a major challenge.

The pipeline industry is not an exception to the data management hurdles. Even before
addressing the implementation of the data management process, the imminent problem that
needs to be tackled is the lack of consistent data. Documenting a standard set of data for renewal,
rehabilitation, replacement, maintenance and operation of the existing infrastructure is of
paramount importance. Standard data collection parameters ensure that the same set of data is
collected by all the utilities in the nation. To provide the required uniform national standards for
force main infrastructure data, a consensus should be gained on the parameters that need to be
incorporated in the database. This provides dynamic aggregation and centralized storage of force
main inventory and inspection data from across the industry. Condition assessment and risk
management models can leverage the standardized data to provide decision support for various
asset management needs.



One critical aspect of the force main infrastructure data is the significance of the location
of the asset. The actual location of the asset denoted using a geographic reference is an essential
attribute of the force mains in addition to its condition and physical characteristics. Geographic
Information Systems (GIS) enable users to store, analyze and visualize spatial or geographical
data. Predicting the likelihood and consequence of failure of force mains involves development
of models by analyzing the effect of parameters on their performance. The integration of these
models to the extensive data set provides a robust decision making approach to risk evaluation,
which is a function of likelihood of failure and consequence of failure (EPA, 2009b). GIS
facilitates these models to incorporate the available data as input data, thereby acting as a
decision support system to visualize the results (Shamsi, 2002). This research integrates the
components of data management, model implementation and information visualization.
Subsequently, a web-based GIS platform is developed for advanced asset management of force
main infrastructure.

1.1 Research Objectives
The objectives of this research are two-fold:

e Provide guidelines for asset management of force main infrastructure
e Develop a web-based platform for advanced asset management of force main infrastructure

The key components of the research objectives are:

1.1.1 Guidelines for Asset Management of Force Mains Infrastructure

e The characteristics of the force main networks are studied and the causes of failure of various
force main materials are reviewed.

e The current inspection practices and technologies associated with force mains are identified
through literature and practice review.

e The existing practices regarding the condition assessment of the force mains are identified
through literature and practice review.

e The renewal practices related to the renewal of force mains are reviewed and the
technologies developed for repair, rehabilitation and replacement are identified.

1.1.2 Web-based Platform for Advanced Asset Management of Force Main

Infrastructure

e The existing data models and standards for water and wastewater pipeline database systems
were reviewed. A data model incorporating the force mains characteristics was developed
based on existing wastewater data model.

e Various data collection protocols were reviewed and a data collection platform was
developed through a drupal content management system. A website (www.pipeid.org) was
developed to collect data from various utilities.

e The existing utility data was migrated to the data model structure by creating a personal geo-
database for each utility.



e A utility model was re-created using the ArcGIS ModelBuilder platform and published using
ArcGIS Server.

e A web-based platform was developed using ArcGIS API for Flex to provide access to the
model to various utilities. A geo-processing tool was incorporated in the platform which
enabled the user to run the model according to user preferences. Furthermore, the results of
the model can be queried using the query tools embedded in the platform.

e The models were disseminated to the utilities through the website (www.pipeid.org). A
utility hub page was created for individual utilities in the website. The hub page provided
secure access to the standardized data and executable models.

1.2 Organization of the Report
The report is organized into 5 chapters as summarized below:

Chapter 1. Introduction describes the objective of the report, in addition to some background
information.

Chapter 2. Literature Review provides an overview of the key components involved in
comprehensive asset management of the force main infrastructure.

Chapter 3. Guidelines for Asset Management of Force Mains provides a framework for
inspection, condition assessment and renewal engineering of force main infrastructure.

Chapter 4. Web-based Platform for Advanced Asset Management of Force Main Infrastructure
discusses the critical components of a comprehensive asset management program through the
web-based platform.

Chapter 5: Conclusions and Recommendations provides concluding remarks and
recommendations to fill the gaps and limitations in the force main infrastructure asset
management. In addition, the aspects to improve the web-based platform are presented.



CHAPTER 2.0

LITERATURE REVIEW

The essential aspect of asset management of the force main infrastructure involves
understanding the condition and performance of the asset. This entails accurate prediction of the
failure modes at various phases of life-cycle of the pipeline. The condition of the pipeline
infrastructure can be assessed by analyzing the data collected throughout the service life. The
relationship between the data components is a key element that determines the likelihood and
consequence of failure of the pipeline (EPA 2009b). Depicting the failure of the pipeline by
combining different types of information on pipe failure provides context and scope for decision
making (EPA 2012). Furthermore, linking the information to the location provides spatial
significance. The components involved in this kind of comprehensive asset management of the
force main infrastructure are studied through literature review (Figure 2-1).

Data Requirements for Database

Management

Model Execution

Data Migration to

Standard Format

v

Web-based
Platform

Model
Implementation

Information
Visualization

Model Visualization

Figure 2-1. Components of Asset Management of Pipeline Infrastructure.

21 Database Management

Sinha et al., 2009 addresses the problem of lack of standard data model for water and
wastewater systems in the nation. The utilities supporting the water and wastewater systems have
employed in house data management systems which are specific to the utility. The research work
defines a protocol to standardize the municipal water and wastewater pipeline infrastructure data.
The transforming of the data sets to the standard structure was discussed, but the mapping of the
disparate data sets to the standard data model is not presented which involves rigorous
computing coding. The utilities managing the pipeline infrastructure maintain the level of



service, which impose least possible cost to the public. This is accomplished by monitoring the
tasks that effect the level of service. These tasks include design, maintenance, condition
assessment, renewal engineering and future resource allocation (WERF 2013).

The data collected for the asset management can support the important tasks for
providing a decision support system. This involves vast amount of storage and access
requirements which is accomplished by employing the Computerized Maintenance Management
System (CMMS). The implementation strategy of the CMMS system is the key factor that needs
to be addressed at various levels of decision making process, keeping in mind the overall asset
management process. Since the data is accumulated over the years it needs to be managed and
collected such that it identifies the needs of the decision making process. The level of depth and
detail at which the data is collected primarily depends on the hierarchical level of the decision
making process (U.S.DOT, 2006).

The lack of robust database is a foremost obstacle to the water utilities to determine the
failure patterns for the various ages and types of pipelines located in different regions. The
failure databases are incomplete and inaccurate, and recorded in a non-uniform manner which
inhibits a comparison between different utilities. Although, there is a huge amount of raw data
available on the assets and the failures, key data sets are not available which make a reliable
condition assessment and life prediction. There is a lack of consensus on collection and
recording this key information due to the fact that the exact factors leading to the structural
failure of the pipes are of multiple types and magnitudes. Gay and Sinha, 2014 discusses the
importance of understanding the pipe assets and their condition, which results in accumulation of
large amounts of data. The usage of GIS is recommended as it helps in prioritizing the projects
by sharing the information and combining data from multiple departments.

The key challenge posed is the decision making process of the pipeline asset
management, when the data is viewed in tables. The solution that is recommended by the U.S.
Department of Transportation is analyzing the data set using Geographic Information System
(GIS) as a data management tool as it provides geographic referencing to the data. The usage of
GIS is recommended as it helps in prioritizing the projects by sharing the information and
combining data from multiple departments.

2.2 Model Implementation

The models that are developed based on the data available provide assistance to the
utilities in a broad range of scenarios. The modeling platform offers performance indicators
which describe the overall network picture and evaluate the system at a zonal level. The models
that are developed to predict the life of the pipe infrastructure require a high level of technical
input (Koo and Ariaratnam, 2006). The physical mechanisms that trigger pipe failure often
require data that are not instantly available and involve costs to obtain. Attaining this kind of
sophisticated information is restricted to large organizations and the third parties that are
promoting the model. The medium scale utilities do not have the flexibility and resources to



maintain this level of detail in terms of data collection and organization. Therefore an in house
condition assessment has been employed by some utilities and an internal analysis model has
been developed by them to mitigate the pipe breaks. But nevertheless the utilities take a huge
leap of faith in terms of the functional validity of the models.

The challenging aspect of the model developed is to determine the residual life of the
pipe and accurately predict the timeline of pipe failure. Interpreting the factors responsible for
residual life determination depends on the historical performance, which is an intricate and a
demanding task (Pelletier et al., 2003). The economic life of an asset is another concept that was
developed by the researchers to estimate the life expectancy. Statistically developed life
expectancy curves are developed to determine the probability of replacement of the pipe which
combines a series of normal distribution curves for different types of pipes at various periods of
time (Lawless, 1982).

The major drawback associated with modeling is that they are all computer based
techniques which have high data needs and require professional engineering skills. Rogers and
Griggs, 2006 identifies the pipes which are prone to failure and replacing the pipes by
prioritizing the pipes to develop a failure assessment model. Furthermore, the quality of the
model’s predictions is completely based on the available data and the need to gather better data is
emphasized in the paper.

The factors responsible for designing the model are considered based on the availability
of the parameters in the database. The physical, environmental and operational conditions are
considered as factors in modeling a scenario to reflect the real life system (Al-Bargawi and
Zayed, 2006). But a quantitative measurement of these conditions is a difficult task.

To support the models with the data, the inspection technologies produce the necessary
data points for modeling. The key barriers to the inspection techniques are the physical
difficulties and costs involved in gaining access to the buried pipes (Liu and Kleiner, 2012b).
The external maintenance and inspection of the force main involves costs in terms of
excavations, traffic control and pavement removal. Furthermore, the quality of information
available through the internal and external inspections is debatable and the utilities rely on a
technology based on the technology provider's proposal and cost. There is a lack of objective
testing and evaluating information to compare the technologies proficiency (Liu and Kleiner,
2012a). In a nutshell, the industry currently faces the chicken and egg scenario, wherein the lack
of economic incentive dissuades providers from developing innovative technologies and the lack
of cost effective inspection technology is keeping the utilities away from employing the current
inspection methods.

2.3 Information Visualization
The model results are published by the utilities for further analysis and the model output
can be queried to provide an insight into the decision making process. Geographical Information



System (GIS) acts a visualization tool to access the model output effectively. Schroeder and
Fallara, 2010 describes the need for information management from various data sources and
models. The paper emphasizes the flexibility of using time-dependant data. Also, maintaining a
spatial database by using GIS facilitates a better decision support system. The importance of
developing a custom user interface for data editing and analysis is presented in the paper.

GIS offers a customizable platform to analyze the complex data sets as well as run the
models and display results. The data and models associated with the pipeline infrastructure
involve spatial reference to the attributes. GIS provides a visualization environment that enables
the users to manipulate the data and models which have spatial significance (Vairavamoorthy et
al., 2007).

External models can be integrated to the GIS interface which offers the models to use the GIS
visualization tools to access the results. The ability of GIS to store large amounts of spatial data
enables the user to analyze the pipeline infrastructure to develop a risk assessment model. Garaci
and Zhang, 2009 demonstrated the tools that supported the GIS map, which is an interactive user
interface. The paper presented an idea of linking the CCTV and quantitative data to the
qualitative attributes through a GIS management tool

GIS acts as a powerful analysis tool for utilities by providing options to include
information of a particular set of parameters in the form of a shape file to an existing model (Liu
et al., 2007). The interoperability of the diverse data set helps models to connect to different
databases. The flexible aspect of GIS allows users to run complex statistical analysis software
and display the results graphically. The relationship between different parameters is depicted in
the map document. The important feature that GIS provides is the automation of the databases
for quality assurance and quality control of the data, based upon observed geospatial
relationships.

The features that GIS provides in terms of visualizing the individual components of a
map in the form of layers can be used to transpose various results of the model on one another.
GIS offers the option of writing queries in Structured Query Language (SQL) to obtain
information on the pipeline infrastructure. The non-spatial information can be joined to the
attribute table of the spatial information, which helps in organizing the database. When an
operation is performed on the existing dataset to analyze the dataset, it is called geo-processing
(Ormsby et al., 2010). Geo-processing enables the users to streamline the dataset by grouping the
features with the same attributes.



CHAPTER 3.0

GUIDELINES FOR ASSET MANAGEMENT OF FORCE
MAIN INFRASTRUCTURE

Bhaskar Dasari’, Sunil K. Sinha?
(1) Graduate Research Assistant, (2) Professor
Charles E. Via Department of Civil and Environmental Engineering
Virginia Tech, Blacksburg, VA

3.1 Introduction

This manuscript is developed based on the case studies developed for the WATERID
knowledgebase and is a part of the synthesis report titled Asset Management of Force Main
Infrastructure. The synthesis report was developed in collaboration with Water Environment and
Reuse Foundation, while the project was funded by SWIM Center at Virginia Tech.

This manuscript presents a structured approach to execute a comprehensive force main
asset management program. This study encompasses the current technology and practices for
inspection, condition assessment and renewal engineering of force main infrastructure. The
necessary information on the inspection technologies, condition assessment practices and
renewal strategies was gathered to develop the guidelines. An extensive literature review was
conducted on force mains characteristics and asset management. The literature review included
journal articles, conference papers, books and major reports. Simultaneously, practice review
was conducted by contacting utilities for their support and participation. Data was collected from
the utilities on the current asset management practices. Utilities were contacted to provide
reports, technical memorandums etc., that would provide an understanding of the implementation
of the inspection, condition assessment and renewal engineering practices. The information
developed through literature and practice review was analyzed to ensure coverage of the
inspection technologies, condition assessment practices and renewal strategies. The information
from literature and practice review was then synthesized to identify the utility mindset, typical
practices, trends and needs. Subsequently, case studies were developed from the information.
Eventually, the information was used to develop a 10 step guidelines for asset management of
force main infrastructure.

The asset management of force main infrastructure can be broadly categorized into a
three step process: inspection, condition assessment and renewal engineering. Inspection of force
mains would enable the utilities to understand the current state of the assets. Condition
assessment would facilitate the utilities to identify the critical assets for sustained performance.
Renewal engineering involves repair, replacement or rehabilitation of the high risk pipes



identified through performance assessment modeling and operating condition requirements. The
10 step structured guidelines that is developed is depicted in Figure 3-1.

System Layout; Assess Condition Expected Life, Define LOS based
Data Hierarchy, Capabilities Assessment Decay Curves, on Environmental,
Standards, and and Limitation Protocol; Rating Deterioration Economic, and
Characteristics of Inspection Tools Methodologies Models Societal Factors
é Develop ) 4 Analyze ) d Assess ) (" Determine ) 4 Develop and )
Force Main Technologies for Condition and Performance Set Target
Asset Registry Condition Performance of Deterioration Levels of
\and Understanding) \_ Assessment Force Main \_ of Force Main \_ Service (LOS)

é Develop Risk )

é Analyze ) Determine Fundina

é Evaluate Force )

(" Build Database )

Assessment and | Technologies Strategy and Main Asset to Support
Prioritization for - FEOT Renewal Optimize Capital Management Plan AdvancedAsset
i i ngineeri
\Demsmn-maklng) g ng \_ Investment ) kFt:rr Imprc:-\.n'emenl‘J kManagement PlanJ
Likelihood of Assess Do Benefit/Cost Create a Feedback Develop Data
Failure and Capabilities and Analysisto Loop to Improve Standards and
Conseqguence Limitation of Determine Optimal Force Main Asset Protocols based on
of Failure Renewal Methods Policy and Strategy Management Plan PIPEID Database

Figure 3-1. 10-Step Force Main Asset Management Program.

Table 3-1 provides the ten steps developed for the asset management of force mains and
the tasks associated with individual steps. The following sub-sections provide a detailed
description of the tasks associated for asset management of force main infrastructure.

Table 3-1. 10-Step Asset Management Process.

material for inspection

Step Number Task Benefit Challenge
Step 1: Develop force Examining the Knowledge on trends Understanding the
main asset registry and | characteristics of various of failure of various failure modes and
understanding pipe materials in the asset pipe materials mechanisms,

registry and identifying the performance

indicators, failure
trends, operation and
maintenance costs,
and risk of failure

Step 2: Analyze the
technologies for
condition assessment

Summarize the available
technologies that can
quantify the condition of the
specific pipe material and
can collect information with
minimum service disruption
and maintaining the
required level of service

A preliminary list of
various technologies
encompassing the
capabilities and
limitations is created,
cost-effective approach
can be chalked out
through comparison

Diameter, wall
thickness, bypass
requirements, service
disruption costs,
limitations in inspecting
through coatings and
linings should be taken
into consideration
while selecting from
the limited proven
technologies




Step Number

Task

Benefit

Challenge

Step 3: Assessing
condition and
performance of force
main

A condition rating system
should be developed to
assess the current condition
of assets

Rating scale provides
an understanding of
the performance of the
force mains

Developing the
relationship between
parameters affecting
the performance

Step 4: Determine
performance
deterioration of force

Performance prediction
curves and deterioration
models should be

Estimate the remaining
useful life of assets

Defining the
parameters affecting
the deterioration,

main developed availability of the
parameters in the
database

Step 5: Develop and Define LOS based on Helps in monitoring the | Identifying the

set target Levels of environmental, economic performance of the performance indicators
Service (LOS) and societal factors assets against the that can be used to
defined LOS goals establish a rational
level of service
Step 6: Develop risk Predicting the risk of failure | Identification of high Assessing the
assessment and of the assets based on the | risk pipes environmental costs,

prioritization for

consequence of failure and

customer impacts,

decision making likelihood of failure. socioeconomic costs,
etc.
Step 7: Analyze the Summarize the available A preliminary list of Technology suitable for

technologies for
renewal engineering

technologies that can renew
the condition of the specific
pipe material with minimum
service disruption and
maintaining the required
level of service

various technologies
encompassing the
capabilities and
limitations is created

various diameter, wall
thickness, pipe length
and other factors
should also be taken
into consideration

Step 8: Determine the
funding strategy and
optimize capital
investment

Perform benefit/cost
analysis to determine
optimal policy and strategy

Minimized annual rate
impacts, cost
minimization and
optimum use of
financial resources

Requires an integrated
iterative planning
process

Step 9: Evaluate force
main asset
management plan for

Determining whether the
performance is met and
creating a feedback loop

Quality assurance
assessment is created
through the monitoring

Creating performance
requirements and
acceptable quality

improvement through performance methods at every step | levels for every step
monitoring at every step

Step 10: Build database | Develop data standards and | Facilitates consistent Significant database

to support advanced protocols based on PIPEID | terminology, provides management expertise

asset management database better analysis of is required

pipeline infrastructure
asset management
data, advance
understanding of
pipeline performance
parameters for risk
management

10



3.2 Inspection

The failures associated with various pipe materials can be quantified by investigating the
condition of the pipes through use of inspection technologies to identify the types of defects
found in the system. The technologies can be selected based on the required condition
assessment information. The current inspection practices and technologies employed by the
utilities capture some parameters that are crucial in prioritizing force mains for renewal.
Inspection techniques can be categorized into: visual inspection, structural condition assessment,
leak detection, and multi-sensor platforms as identified through the literature review.

Visual Inspection
Visual inspection techniques include CCTV inspection, digital scanning and laser
profiling.

e A permanent video record of the defects of pipe segments is captured through CCTV
inspections.

e Digital scanning is a subset of the camera inspection technology where multiple high
resolution cameras are transported through the force main using self-propelled crawlers.

e The practical applications of CCTV inspection and digital scanning include detection of
defects at the downstream sections of the force mains near the discharge point where the
pipeline may flow as a gravity line.

e The changes in pipe shape due to deflections and deformations can be detected through laser
based pipe inspection.

Structural Condition Assessment

The structural integrity of the pipes cannot be determined through visual inspection
techniques. The structural condition of the pipes can be assessed through ultrasonic wall
thickness measurement and electromagnetic corrosion detection techniques.

Ultrasonic Wall Thickness
The pipe wall thickness, corrosion intensity and the presence of cracks in ferrous pipeline
can be detected through in-line inspection and guided wave ultrasonic testing.

e The external remote detection of pipe structural condition is carried out through Guided
Wave Ultrasonic Testing. Guided-wave method is primarily used as a screening tool which
indicates an existing wall anomaly along the pipeline but does not return actual wall
thickness data.

e The wall thickness and corrosion of the pipelines can be measured by in-line inspection
technique, which uses a piezo-electric transducer to generate an ultrasonic pulse.

e The ultrasonic wave is stopped by the joints in DI and CI pipes and therefore is suitable only
for one pipe length.
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Electromagnetic Corrosion Detection

The defects in ferrous pipes are detected using electrical/electromagnetic current. The
defects in the pipe wall and the wall thickness are quantified using three major techniques:
Magnetic Flux Leakage (MFL), Remote Field Eddy Current (RFEC), and Broadband Electro-
Magnetic (BEM).

Magnetic Flux Leakage: The pipe wall surface is magnetized and the leakages produced
due to the presence of defects or metal loss in the pipe wall is measured by the MFL technique.

e The disadvantages of the MFL technique include the large amount of data that need to be
analyzed to quantify the defects.

e The magnets and the Hall Effect sensors should be placed very close to the pipe wall in the
MFL technique, which makes it impractical for the DI and CI pipes due to wall variations
and joints. This adds significantly to the cost of inspection.

Remote Field Eddy Current: The corrosion intensity and location can be evaluated by the
RFEC inspection technique. Pipes with internal linings can be scanned using the RFEC tool.

Broadband Electro-Magnetic: The wall thickness of ferrous pipe is measured through the
BEM non-destructive testing technique. The advantage of employing the BEM technology is its
ability to scan through coatings and linings without requiring contact with the pipe wall.

The disadvantage when scanning pipelines internally, compared to intelligent pigs, is that
the process is not continuous and therefore it takes more time to survey a pipeline.

Leak Detection

The leaks in force mains are detected by analyzing the vibrations or sound generated
through leak detectors. The various types of leak detectors are hand-held listening devices, leak
noise correlators and in-line devices. The major acoustic leak detection monitoring techniques
are free swimming leak detection and tethered leak detection.

Free Swimming Leak Detection

SmartBall™ is a free swimming leak detection product which continuously measures the
acoustic signal and detects an increase in the signal when it encounters a leak. Gas pockets can
also be detected through this technique.

Tethered Leak Detection

Sahara™ system is a tethered leak detection product which can detect acoustic signals
indicating leaks, gas pockets or areas of turbulence within the pipeline. An advantage of the
Sahara™ system is that it can be used to track the location of the pipeline from the ground
surface.

12



Correlators
Correlators are sensors, installed at intervals along the pipeline leak points to identify the
location of leaks. Currently available products include LeakFinder™ and Permalogm™.

Multi-sensor Inspection

Various types of defects in the wastewater collection system can be detected by
employing multiple technologies. The extensively used camera based technologies can be
supplemented with other leak detection, ultrasonic testing and electromagnetic technologies to
offset the drawbacks of visual inspection technologies. Multi-sensor inspection robots are
available which incorporate CCTV, laser profiling etc., to identify the defects in the system.
Hydromax USA, Redzone Robotics and Hibbard Inshore provide multi-sensor platforms.

Practice Review

The major technologies that were employed by the utilities in each inspection category
were visual inspection, structural condition assessment and leak detection as identified through
the practice review.

Firstly, the utilities conducted leak detection through acoustic inspection technique.
SmartBall tool was employed by utilities to quantify the leaks and air pockets in the pipe
segments. Further validation to assess the risk due to pipe wall anomalies detected through
SmartBall was recommended. The acoustic information from SmartBall was not completely
trustworthy unless certain factors such as build-up within the pipe were accounted for and
identified in the analysis. BEM or MFL can be employed for further validation of the anomalies.
In addition, Sahara Pipe Wall Assessment (PWA) tool was also employed by some utilities to
detect leaks, gas pockets, bends and variation in hoop stiffness.

Secondly, the structural condition assessment of ferrous pipes is conducted through use
of RFEC and BEM techniques. RFEC/TC technique was employed using PipeDiver technology
to quantify and locate wire breaks in PCCP Pipes. The inspection using PipeDiver™ was
estimated to take less than two hours, but the preparation, inspection, collection of equipment,
and clean-up took up to three business days to complete. The plan for deploying the PipeDiver™
should involve careful calculations. It is important that adequate pressure and velocity be
maintained in the pipe to enable the PipeDiver™ to move through the pipe. BEM technique using
Hand Scanning Kit (HSK) was used for external inspection of ductile iron pipes. The average
wall thickness of the area under the sensor's footprint was measured in the BEM technique.
Therefore, the resolution of the sensor is a crucial factor that should be taken into consideration.
Additionally, the BEM technique cannot determine the location of the wall thickness i.e.,
whether on the front or back of the wall. Major surface scratches and significant sized isolated
pits were detected through the BEM technique.

The following sub-sections summarize the advantages and limitations of existing
technologies for condition assessment of force mains.
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3.2.1 Force Main Asset Registry and Understanding

The condition inspection program can focus on the critical force mains in the network.
The critical force mains can be prioritized for inspection by analyzing the existing data
pertaining to pipe material, installation year, location, diameter, depth, length etc. Additionally,
pipe break and leak rates can be taken into account while prioritizing the force mains for
inspection. The critical force mains identified through this preliminary data analysis can be
inspected through an inspection program. The defects associated with force mains vary with pipe
material. Various technologies are available to identify these defects and selection of technology
depends on the pipe diameter, pipe length, pipe material, pipe location, pipe wall thickness, soil
condition, areas of corrosion, type of defect etc.

3.2.2 Technologies for Condition Assessment

The technical competence and feasibility of the technology should be assessed to select
the inspection method. The technology should be selected based on the required information to
quantify the defects in the force mains and the required accuracy. Subsequently, the inspection
can be carried out in-house or through a third party consultant. The feasibility of the technology
can be addressed by considering the technology's performance based on:

e Asset location: limitations to certain force main geometry,

e Asset condition: limitations to coatings and linings

e Access requirements: whether the force main should be shut down during inspection
e Data characteristics: whether the data is time-dependent and can be validated

The failure prediction of large and small diameter pipes is an aspect that is debatable in
terms of their cost effectiveness. One school of thought suggests that the total expenditure
involved in inspecting the large number of small diameter pipes was more than the costs
implicated in large diameter pipes. On the contrary, the counter view proposes reducing the
failures of small diameter pipes, as the consequence of failure of the large number of small
diameter was higher than smaller number of large diameter pipes. The fail and fix approach is
employed by some utilities which proved cost efficient for the small diameter pipe condition
assessment. Furthermore, the costs associated with the inspection of small diameter pipes are a
significant percentage of the repair and rehabilitation cost. The internal inspection of these pipes
can provide comprehensive information on the pipes condition, but the costs associated with the
equipment management, data collection and processing proved expensive. An economic
assessment of the available technology should be performed prior to implementation. The factors
that influence various costs of implementation are:

e Site Location Cost: Distance between project site and location of operator equipment and
Distance between a project's deployment locations.

e Site Setup Cost: 1.Traffic control or other security measures, 2. Number of deployment
locations, 3. Special procedures required for setup on site, 4. Special equipment or personnel,
5. Awareness of locations and accessibility of manholes or access points.
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Environmental Cost: 1. Impacts of weather on deployment procedures, 2. Unusual site

conditions that pose health and safety concerns, 3. Abnormally high flows, 4. High volumes

of sediment, known structural failures, or other issues that would slow progress through the

pipe, 5. Sewer cleaning disposal costs.

The quality and the quantity of data depend on the type of inspection technology. The key
characteristics of the inspection technologies are presented below.

3.2.2.1 Internal CCTV and Laser Profiling

Suitable Materials: Gray Iron, Ductile Iron, Steel, Plastic, PCCP, Cast Iron
Diameter Range: Suitable for greater than 6 in.

Defects detected: Metal loss and pit depth

Access Requirement: Requires dewatering of the pipe
Operation of line: The line cannot be in operation

Scanning Capabilities: Cannot scan through coatings and linings
Data characteristics: Continuous data and good quality data
Economic Information:

e Low Mobilization cost

e Low investigation cost

e Medium cost involved in reporting and processing the data
e Medium costs are involved in preparing the pipe and accessing the pipe
e Medium costs are involved in bypass operations
Implementation information:

e Specialist inspection services are available

e Buried pipes require access excavations

e Requires pre-cleaning of the pipe

e Contact to the pipe is not required

e Navigation through bends is limited

e Limited navigation through obstacles

e Can inspect several hundred feet in a day

3.2.2.2 Internal Ultrasonic Wall Thickness

Suitable Materials: Gray Iron, Ductile Iron, Steel

Pipe Length: Suitable for up to 1600 ft.

Wall thickness: No restriction

Defects detected: Metal loss, pit depth, graphitization and cracks
Access Requirement: Requires access for pig launcher
Operation of line: The line can be in operation

Data characteristics: Continuous data and very good quality data
Economic Information:

e Very high mobilization cost
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e High investigation cost

e High cost involved in reporting and processing the data

e Medium costs are involved in preparing the pipe and accessing the pipe
e Implementation information:

e Specialist inspection services are available

e Requires pre-cleaning of the pipe

e Navigation through bends is possible

e Limited navigation through obstacles

e Can inspect 600 ft./ hour

3.2.2.3 Internal Remote Field Eddy Current
e Suitable Materials: Steel, PCCP
e Diameter Range: Suitable for less than 15 in.
e Wall thickness: Suitable for up to 0.5 in
e Pipe Length: Suitable for up to 10,000 ft.
o Defects detected: Metal loss, graphitization and cracks
e Access Requirement: Requires access for pig launcher
e Operation of line: The line can be in operation, but a lower capacity
e Scanning Capabilities: Can scan through coatings and linings
e Data characteristics: Continuous data and very good quality data
e Economic Information:
Medium Mobilization cost
High investigation cost
e Medium cost involved in reporting and processing the data
e Medium costs are involved in preparing the pipe and accessing the pipe
e Implementation information:
e Specialist inspection services are available
e Buried pipes require access excavations
e Requires pre-cleaning of the pipe
e Contact to the pipe is not required
e Navigation through bends is possible
e Limited navigation through obstacles
e Can inspect 5000 ft. in a day

3.2.2.4 Internal Broadband Electromagnetic

e Suitable Materials: Gray Iron, Ductile Iron, Steel
e Diameter Range: Suitable for greater than 6 in.

e Wall thickness: Suitable for up to 2 in.

e Pipe Length: Suitable for up to 3000 ft.
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Defects detected: Metal loss, graphitization and cracks

Access Requirement: Requires dewatering the pipe

Operation of line: The line cannot be in operation

Scanning Capabilities: Can scan through coatings and linings
Data characteristics: Continuous data and very good quality data
Economic Information:

e Low Mobilization cost

e Low investigation cost

e High cost involved in reporting and processing the data

e Medium costs are involved in preparing the pipe and accessing the pipe
e High costs are involved in bypass operations
Implementation information:

e Specialist inspection services are available

e Buried pipes require access excavations

e Requires pre-cleaning of the pipe

e Contact to the pipe is not required

e Navigation through bends is limited

e Limited navigation through obstacles

e Can inspect several hundred ft./ hour

3.2.2.5 External Broadband Electromagnetic

Suitable Materials: Gray Iron, Ductile Iron, Steel

Diameter Range: Suitable for greater than 2 in. diameters
Wall Thickness: Suitable for less than 2 in. thickness

Pipe Length: No restriction

Defects detected: Metal loss, Graphitization and Cracks
Access Requirement: Requires access length of 3 ft. to 12 ft.
Operation of line: The line can be in operation

Scanning Capabilities: Can scan through coatings and linings
Data characteristics: Continuous data and high quality data
Economic Information:

e Low Mobilization cost

e Low investigation cost

e High cost involved in reporting and processing the data

e Low costs are involved in preparing the pipe and reinstating
e Significant cost is involved in excavations
Implementation information:

e Specialist inspection services are available

e External coatings need not be removed
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e Buried pipes require access excavations

3.2.2.6 External Magnetic Flux Leakage

Suitable Materials: Gray Iron, Ductile Iron, Steel

Diameter Range: Suitable for greater than 6 in. diameters

Wall Thickness: Suitable for less than 2 in. thickness

Pipe Length: No restriction

Defects detected: Metal loss, Graphitization and Cracks

Access Requirement: Requires access length of 3 ft. to 12 ft.
Operation of line: The line can be in operation

Scanning Capabilities: Can scan through coatings and linings
Data characteristics: Continuous data and high quality data
Economic Information:

e High Mobilization cost

e Medium investigation cost

e High cost involved in reporting and processing the data

e Low costs are involved in preparing the pipe and reinstating

e Significant cost is involved in excavations

Implementation information:

e The inspection equipment is not available for rent or purchase
e Specialist inspection services are available

o External coatings need not be removed if they are less than 5 mm thick
e Buried pipes require access excavations

3.2.2.7 Leak Detection

Suitable Materials: Gray Iron, Ductile Iron, Steel, Asbestos Cement, PCCP, PVC
Diameter Range: No restriction. Sahara tool is suitable for diameter greater than 4 in. and
SmartBall is suitable for greater than 10 in.

Pipe Length: Correlators can scan up to 300 ft. and Sahara tool can scan up to 4000 ft.
Access Requirement: Access is obtained through valves or 4 in. tapping

Defects Detected: Joint leaks and wall perforation leaks

Operation of line: The line can be in operation

Implementation information: Specialist inspection services are available for Sahara and
SmartBall

Economic Information:

¢ High Mobilization cost for Sahara tool and Medium Mobilization cost for SmartBall tool

e Medium investigation cost for Sahara and SmartBall tools
e High cost involved in reporting and processing the data for Sahara and SmartBall tools
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3.3 Condition Assessment

The data obtained from the inspection of the force mains should be analyzed to
understand the trends in the system. The raw data obtained can be used to mitigate the risk
associated with the assets. Therefore, the data needs to be analyzed further to estimate the
likelihood and consequence of failure. The current condition of the asset can be measured
through the collection of data from the inventories, records, observations, and inspections. The
force main inspection data can be analyzed to quantify the defects and determine the level of
service.

Literature Review

The defects detected through structural inspection techniques can be coded according to
Water Research Centre (WRc)’s system or NASSCO’s PACP and MACP programs. A defect
index similar to the PACP defect coding for force mains was developed to assist with re-
inspection, repair, rehabilitation, or replacement decisions (Derr and Gabriel, 2014). This defect
system uses a grading scale which is similar to the PACP grading scale (1 to 5) and is based on
the failure modes for various pipe materials. In addition, hydraulic analysis is used to assess the
condition of the force mains by determining the friction loss in force mains.

Utilities provide efficient service to the customers by defining the service goals.
Establishment of Level of Service (LOS) provides the basis for monitoring the performance of
the assets against the defined goals. The social, environmental and economic objectives of the
community can be met by establishing the key performance indicators. The key performance
indicators that can be used to develop the target service levels are:

e Sewer Overflow Rate

e Collection System Integrity

e \Wastewater Treatment Effectiveness Rate

e Operations and Maintenance Cost Ratio

e Planned Maintenance Ratio

e Customer Service Complaints and Technical Quality Complaints
e System Renewal/Replacement Rate

Practice Review

The risk of failure of the force main segments is determined by identifying the attributes
that contribute to the likelihood of failure and consequence of failure of the force mains. Various
utilities identify the risk parameters based on the information available in their data repository.
Subsequently, a model is developed to characterize the risk of failure of the force mains. The
model primarily employed by the utilities is the ranking system, wherein the force mains are
ranked based on the risk of failure score. A score is assigned capturing level of severity of the
parameters and a weighting factor is assigned to the individual parameter. The weights assigned
are based on the relative importance of the attributes in defining risk. In addition to the ranking
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system, two other likelihood of failure assessment models were identified through practice
review: Linear Extended Yule Process (LEYP) and Finite Element Analysis (FEA) Model. The
Predicted Break Numbers (PBNs) and Predicted Break Rates (PBRs) for each main and each
year in the future are estimated by the LEYP model for risk calculation. The FEA model is based
on the AWWA 301 and AWWA 304 design standards which determines the structural
consequences of the broken prestressing wire wraps.

3.3.1 Assessing the Current Condition and Performance

A condition rating system can be developed to assess the current condition of the assets.
A numerical based rating of the assets is a key grading system that can be employed to assess the
assets condition. The extent of failure is quantified through the rating scale which assigns a value
to individual assets. The information from visual inspection can be used to define the rating or
grading system. The sewer is graded based on the defects observed in the line. A value is
assigned to each defect and a cumulative defect score is allocated to each sewer segment by
summing the defect values. The sewer defect values are assigned to the defects based on the
impact on the service life. NASSCO’s Pipeline Assessment and Certification Program is a
methodology that is employed by utilities to assess gravity sewers.

A defect index similar to the PACP defect coding for force mains was developed to assist
with renewal decisions. This defect system grading scale is similar to the PACP grading scale (1
to 5) and is based on the failure modes for various pipe materials (Derr and Gabriel, 2014). In
addition to defect coding and grading, understanding the performance of the force mains at the
time of inspection is crucial.

3.3.2 Predicting the Performance Deterioration

The current utility practices on assessing the condition of the assets are focused on
condition grading of assets and risk assessment. These models are appropriate for high level
strategic decision making and cannot be employed to estimate the remaining service life of the
individual assets.

The LEYP model developed by IRSTEA (National Research Institute of Science and
Technology for Environment and Agriculture) calculates the Predicted Break Number (PBN) for
each (small and medium) pipe which acts as a surrogate for the LOF score in the risk assessment.
The risk scores are calculated by multiplying the COF, to select the mains for replacement.
Furthermore, the Predicted Break Rates are calculated to create the aging curve. The ARCADIS
GIS Replacement Planning Tool uses the main curves for long term planning. The system wide
aging curve for the mains is developed through this model.

Performance prediction modeling can be employed to assess the remaining service life of
pipelines. A limitation associated with employing performance index to predict the performance
of force mains is the lack of historical performance data. Therefore, the useful life of the assets
can be estimated through performance prediction curves using time and state dependent data.
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3.3.3 Level of Service (LOS)

The social, environmental and economic objectives of the community can be met by
establishing the key performance indicators. These performance indicators can be used to
establish a rational level of service. Subsequently, the current service level of the force mains can
be used to develop risk assessment and prioritization for decision making. The key performance
indicators that can be used to develop the target service levels are (Crotty, 2004):

e Sewer Overflow Rate: measures the condition of the sewerage collection system and the
effectiveness of maintenance activities. It is expressed as the ration of the number of
overflows per 100 miles of collection piping

e Collection System Integrity: measures the frequency of collection system failures per 100
miles of piping

e Wastewater Treatment Effectiveness Rate: quantifies a utility's compliance with the effluent
quality standards in effect at each of its wastewater treatment facilities

e Operations and Maintenance Cost Ratios: tally the cost of operations and maintenance and
relate them on per account and per millions of gallons of wastewater processed bases.
Separate tallies are recommended for total costs and those related to treatment

e Planned Maintenance Ratio: measures how effectively utilities are investing in planned
maintenance. Two proposed ratios make comparisons to cost and to hours invested in
maintenance activities.

e Customer Service Complaints and Technical Quality Complaints: per 1000 customer
accounts complement one another. The first are service associated, the second quantify
complaints of technical quality

e System Renewal/Replacement Rate: measures the degree to which a utility is renewing or
replacing its infrastructure.

3.3.4 Risk Assessment and Prioritization for Decision Making

Risk evaluation is a method of predicting the risk of failure of the assets based on the
consequence of failure and likelihood of failure. The consequence of failure of the force main
segments is determined by identifying the attributes that contribute to the impact of failure of the
force mains. The costs associated with high consequence of failure of the force mains can be
categorized into:

e direct costs: include repair costs, cleanup costs, diversion costs and shut down costs

e environmental and health costs: impact on public due to flooding and subsequent contact
e socioeconomic costs: traffic disruptions, third party damages and claims

Furthermore, the attributes that affect the consequence of failure assessment are:

e Customer impacts: population density and critical assets like hospitals, government sites etc.
e Impact of location: location of the force mains (industrial, commercial and residential), assets
surrounding the force main (highway, tunnel etc.)
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e Environmental and physical factors: bypass alternatives, terrain conditions, traffic conditions
etc.

The likelihood of failure of the assets was traditionally assessed through age and pipe
material. The failure history data should be used in addition to age and material information for a
realistic assessment of likelihood of failure. Nevertheless, lack of comprehensive failure risk data
on force mains can be supplemented by qualitative data in terms of severity (high, medium, low).
Various utilities identify the attributes based on the information available in their data repository.

3.4 Renewal Engineering

The risk associated with the deteriorated force mains can be mitigated through renewal
engineering. Renewal engineering can be categorized into repair, rehabilitation and replacement.
The renewal technology can be selected based on the operating condition of the force mains, site-
specific attributes and the life-cycle cost of the renewal technique. The following sub-sections
summarize the advantages and limitations of existing renewal engineering technologies for force
mains.

3.4.1 Technologies for Renewal Engineering

The high risk pipes identified through condition assessment modeling and inspection
needs to be renewed depending upon the remaining service life. The renewal strategy depends
primarily upon the required performance, feasibility and cost effectiveness. The renewal strategy
is based upon the data available on the failure modes and the break data. The data can be used to
develop the consequence of failure and risk analysis to identify the high risk pipes for renewal.
The deterioration of the pipelines can be modeled using the condition assessment models and the
locations of failure can be identified for renewal.

The renewal technology can be selected based on the operating condition of the force
mains, site-specific attributes and the life-cycle cost of the renewal technique. Additionally,
cathodic protection and polyethylene encasement can be employed as a corrosion mitigation
technique. The extent of deterioration of the force main dictates the renewal method that can be
employed.

e Repair technologies can be classified into open cut repair and spot repair. The spot repairs
can be addressed through clamps and pothole excavations. Installation of repair clamps
entails open-cut excavation.

¢ Rehabilitation technologies that are applicable to force mains are spray-on linings, close-fit
linings, CIPP, CFRP and woven hose liners.

¢ Replacement technologies that are applicable to force mains are sliplining, pipe bursting,
pipe splitting, horizontal directional drilling, pipe jacking, auger boring and pipe ramming.
Open-cut construction is also used for pipe replacement
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The key parameters that should be considered for a renewal strategy are: bypass
requirements, public disruptions, capacity requirements and structural requirements. The critical
renewal techniques are addressed below.

e Sliplining is a cost effective method that can be installed under live flow conditions with
minimum service disruption. A limitation associated with sliplining is the reduction of
pipeline hydraulic capacity due to reduction in interior pipe diameter.

e Close-fit lining operates similar to sliplining and offers a better hydraulic capacity compared
to sliplining. High strength structural rehabilitation can be provided by close-fit and
sliplining.

e CIPP offers minimal reduction in hydraulic capacity, but requires bypass pumping. The
service disruptions can be minimized through a rapid installation process.

e UV Cured CIPP method which employs a rapid UV curing process can be used to minimize
public disruptions.

The most widely employed strategy by utilities to renew the force mains is pipe
replacement due to limited available experience with force mains renewal strategies. Open cut
and trenchless methods are the available renewal technologies and are addressed in this chapter
under literature review. Force Main inspection and rehabilitation involves by-pass pumping and
shut down for cleaning and dewatering activities. The cost associated with the repair and
rehabilitation setup should be analyzed and compared with the replacement options. In addition
to the costs, the renewal option that provides a longer remaining service life should be pursued.
The key renewal technologies available through various vendors are presented in the Appendix
A (EPA, 2010b).

3.4.2 Capital Investment and Funding Strategy

The unit costs of the feasible renewal option for the force main segments of different
diameters and materials need to be estimated to establish a Capital Improvements Program (CIP)
investment strategy. The unit costs should include all renewal costs not limited to equipment
cost, installation cost, labor cost, clean up and disposal cost, by-pass cost etc. The required cost
estimates can be acquired from contractors, manufacturers, recent projects with similar
components and standard construction cost estimating manuals. Additionally, the life cycle cost
and triple bottom line risks should be considered while developing a CIP investment strategy.

The projects included in the CIP investment program can be prioritized based on the
factors that impact the failure of the assets in the project. A weight can be assigned to the factors
and the total maximum score can be used to prioritize the projects in CIP investment program.
The developed CIP program can be validated by estimating Confidence Level Rating (CLR) and
Business Risk Exposure (BRE) (Sneesby et al., 2012). CLR provides a confidence level of the
CIP by taking into account the quality of data used and the appropriateness of the renewal
process. BRE provides the risk associated with implementing the project by analyzing the
probability failure and consequence of failure.
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A sustainable funding strategy can be ensured through continuous monitoring and
adjustment of utility rates and investigating private, federal and state financing. The reserves
required for each year to perform all the renewal activities should be updated and monitored on a
regular basis as the utility experience changes in costs and budgeting. This financial forecasting
would enable to determine the additional revenue required for the CIP. The key outcomes of
financial planning are safety reliability timeliness, minimized annual rate impacts, cost
minimization and optimum use of financial resources (AWWA, 2011).

3.5 Quality Assurance

Asset Management of pipeline infrastructure entails accurate prediction of the condition
of the system to operate and maintain at the lowest overall costs. The departments involved in
this process collect and store data, which support the decision making process. The lack of
standard organized data disrupts the decision support system. The following sub-sections provide
a data standard that can be employed by utilities.

3.5.1 Evaluation of Force Main Asset Management Plan

A continuous performance monitoring at every step (Step 1 to Step 8 in Table 3-1) should
be performed to determine whether the performance requirements are met. Performance
measures for each step should be established for quality assurance. Furthermore, a feedback
mechanism should be created to assess the effectiveness of performance measures. Since asset
management of force main infrastructure is a continuous improvement process, the performance
measures should be updated and improved constantly.

3.5.2 Database to Support Advanced Asset Management

The key elements that need to be addressed to setup an asset management program are:
current condition of assets, required level of service, identification of critical assets and optimum
renewal strategies. Data collection and management is the crucial component to define the above
mentioned aspects. The primary task involved in maintaining an asset registry is collecting
information of the assets in an efficient manner.

Data pertaining to the failure modes and the location of failures of all force main
materials should be collected and maintained. Since the deterioration of force mains progress
over time, historical data on the pipe wall thickness and leaks would enable the utilities to
understand the trends of failure. Additionally, the break records should reflect the cause of
failure and external factors that contributed to the breaks and leaks. The data collection and
management of the gravity sewers has been established by the utilities due to their ease of
handling compared to force mains. An asset registry should be developed for force mains which
include the information related to the life cycle of the assets. The primary component of the asset
registry is to establish a unique identifier for each asset to which the attribute data can be linked.

Secondly, the level of asset management (i.e., asset -specific or system-wide) should be
defined prior to establishing a database. Thirdly, the information regarding the components that
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support the force main infrastructure (pumps, valves etc.) should be maintained along with the
pipe information. Lastly, incorporating cost information of the inspection technologies and
renewal methodologies would enable to plan the operation and maintenance activities of the
assets.

The lack of standard organized data disrupts the decision support system. A standard
database can be developed based on the PIPEID data standards and protocols. The units and
ranges for these parameters are also established to be used for the data collection and condition
assessment model development process. The data standard provides a framework for the utilities
to collect the essential parameters for condition assessment of assets. Appendix B and Appendix
C encompasses the list of parameters that are crucial to predict the performance of force mains,
which can be further developed according to utility requirements and used as a data management
protocol.

3.6 Conclusion

Inspection of force mains is critical to the management and maintenance of wastewater
collection system. The current inspection practices and technologies employed by the utilities
capture parameters that are crucial in prioritizing force mains for renewal. The current condition
of the asset can be measured through the collection of data from the inventories, records,
observations, and inspections. The force main inspection data can be analyzed to quantify the
defects and determine the level of service. The risk associated with the deteriorated force mains
can be mitigated through renewal engineering. Renewal engineering can be categorized into
repair, rehabilitation and replacement. The renewal technology can be selected based on the
operating condition of the force mains, site-specific attributes and the life-cycle cost of the
renewal technique. The manuscript depicted the current scenario of the available methods for
inspection, condition assessment and renewal engineering, and suggested a 10-step approach for
force mains asset management.
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CHAPTER 4.0

WEB-BASED PLATFORM FOR ADVANCED ASSET
MANAGEMENT OF FORCE MAIN INFRASTRUCTURE

Bhaskar Dasari’, Sunil K. Sinha?
(1) Graduate Research Assistant, (2) Professor
Charles E. Via Department of Civil and Environmental Engineering
Virginia Tech, Blacksburg, VA

41  Introduction

The integral part of assessing the condition of the infrastructure system is to analyze the
existing data and design a renewal strategy to maintain the level of service. Asset management
models and tools are required to design cost effective and reliable methodologies to prioritize the
assets for repair, replacement or rehabilitation. The veracity of the models depends on the
attributes considered to develop the model and furthermore on the availability of these quality
attributes. Therefore, a robust appropriate data is required to build and validate a model.
Eventually, the model results can be analyzed through a visualization tool to evaluate the
behavior of the pipeline infrastructure system. These essential components: database
management, model implementation and information visualization are considered to develop a
web-based platform for advanced asset management of force main infrastructure. The
components are integrated together and the interlinking elements of the components are
identified for platform development. The interlinking elements identified are data requirements
for model execution, data migration to standard format and model visualization.

The web-based platform is envisioned to be a data and model sharing platform, wherein:

1. the data collected from various utilities is analyzed and cleaned. Subsequently, the cleansed
data is shared with the respective utilities.

2. the models developed by individual utilities are recreated and shared with other utilities. This
is accomplished through a visualization tool which executes utility X's model with utility Y's
data. The advantages of this tool are twofold:

a. Utility X can validate the accuracy of the model
b. Utility Y is presented with various models through which the utility can understand
the current condition and future performance of the assets

4.2  Data Requirements for Model Execution

The data collected by the utilities depends on the parameters necessary for building a
model to support the decision making process. The models demand a certain format of data and
the raw data collected from the field or derived from other sources is in a different format.
Therefore the data needs to be migrated to the necessary format.
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The parameters affecting the performance of force mains are identified by the Virginia
Tech research team. The parameters are used as a data standard to develop the data model.
Subsequently, the data necessary for the platform development is obtained from various utilities
across the nation. The data collected from the utilities is in varied formats and therefore is
translated to the standard data model structure. The following sub-sections describe the data
standard, data model and the data collection process.

4.2.1 Data Standard

The life cycle of pipe system consists of their planning; engineering; manufacturing;
construction; operation and maintenance; and repair, rehabilitation, and replacement. Data
standard is a list of parameters that are essential to support advanced pipeline infrastructure asset
management through the life cycle of the pipeline system. The data standard encapsulates
parameters that can support condition assessment and risk management. Furthermore, the
parameters can be used to prioritize the inspection and renewal of the force main infrastructure.
The parameters affecting the performance of the force mains are presented in Appendix B and
Appendix C.

4.2.2 Data Model

Data model represents the organization of the parameters into different tables. The data
model is created as a personal geo-database in ArcCatalog. The personal geo-database consists of
three components: feature class, tables and relationship class (Figure 4-1). The feature class
contains the parameters which have spatial significance. The tables contain parameters which do
not have spatial significance. The relationship class defines the relationship between the feature
class and tables. The contents of the standard data model are depicted in Figure 4-2. The
organization of the tables into various tables and feature classes in a data model is presented in
Appendix G. A personal geo-database can store spatial and non-spatial data and enables querying
the data. In addition, the personal geo-database contains the domain values and data types.
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Figure 4-1. Components of Personal Geo-database.
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Figure 4-2. Contents of Standard Data Model.

4.2.3 Data Collection

The data is collected from the utilities through www.pipeid.org website. The website is
developed using Drupal, which is an open source content management system. Drupal is used to
organize, manage and publish content through dynamic websites. The major components of the
drupal content management system are language, database, web server and operating system
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(Quadri, 2011). PHP language is used to build the drupal core. Drupal requries a SQL database
server that supports PHP. MySQL database server is used in this project. Drupal can be installed
on Apache, Microsoft 1S and Lightpd web servers which can execute PHP scripts. Drupal is
installed on Microsoft 11S web server for this project. Windows 2008 operating system is used to
manage the drupal components in this project. The data submission guidelines developed for
utilities is presented in Appendix D.

4.2 Data Migration to Standard Format

Once data is uploaded it was mapped into a standardized format which can facilitate
analysis. A personal geo-database is created for each utility in ArcCatalog. Subsequently, the
standard data model is imported to the utility personal geo-database (Figure 4-3). This creates an
empty database which has the structure of the standard data model. Subsequently, mapping of
utility data is conducted by loading the utility data into the feature classes and the tables in the
personal geo-database (Figure 4-4). Mapping is carried out in two stages. Figure 4-5 presents an
overview of the mapping process.
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Figure 4-3. Importing Standard Data Model to Personal Geo-database.
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Figure 4-5. Overview of the Mapping Process.

In the first stage, column mapping was carried out by linking the columns in the external
data to that of columns in the utility personal geo-database which is presented in Figure 4-6.
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For each target field, select the source field that should be loaded into it.

Target Field Matching Source Field h
StructiD [string] <None:=
Type [siring] serv_type [string]
Material [string] material [string]
Diameter [double] diameter [double]
FromMNode [string] <Mone»
ToNode [string] <None=
XSshape [string] <None>
Frominwv [string] <None=
Tolnv [string] <Nonex
Date Inst [DATE] <None= b

Figure 4-6. Column Mapping.

Subsequently, in the second stage nomenclature was changed according to the domain
values set for different columns in the data model. For example, for pipe material, Ductile Iron
may be stored in utility database in different forms like “DI”, “Ductile Iron”, “D”, etc. Also,
some utilities combine different parameters into one. For example, the coating and lining
information may be combined and stored along with the material like “Ductile Iron Epoxy
Coated and Lined”. In such cases the columns may need to be further split as shown in Figure 4-
1.

pipe_type Material Lining External_Coating
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encasement
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encasement
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encasement
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encasement
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encasement
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encasement
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encazement
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encazement
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encazement
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encazement
Cement Lined Ductile Iren Polywrapped ol Cement Polyethylene Encazement

Figure 4-7. Column Splitting.

4.3  Model Visualization

A risk prioritization model employed by a utility is used as a prototype to develop the
web-based platform. The model is developed in the GIS ModelBuilder platform wherein the
sequence of steps associated with risk prioritization are built as geoprocessing workflows.
Consequently, the model is published as geo-processing services through ESRI ArcGIS Server.

31



A visualization tool is developed for individual utilities that interacts with the geo-processing
services and renders a web-based interactive map to visualize the model results. The overall
platform description is discussed in the following sub-sections.

4.3.1 Utility Models

The model primarily employed by the utilities for condition assessment and risk
management is the ranking system, wherein the force mains are ranked based on the risk of
failure score. A value is assigned to the range of the attributes and a weighting factor is assigned
to the individual attributes. The weights assigned are based on the relative importance of the
attributes in defining risk. Consequently, likelihood and consequence of failure score for each
applicable attribute is calculated by multiplying the values times the weight. The total risk of
failure score for the force main segment is calculated by adding up the scores of individual
attributes.

4.3.2 Model Development

The model is developed in the GIS ModelBuilder platform wherein the sequence of steps
associated with risk prioritization are built as geoprocessing workflows (Figure 4-8). The
ModelBuilder is used to represent the sequence of steps as a diagram wherein the output of the
previous step is used as an input for the subsequent step. The final output are three map layers
which represent the high risk, medium risk and low risk pipelines. Subsequently, the model is
run on ArcMap and the results of the model are saved.

4 Modell - ] X
Model Edit Insert View Windows Help

s +88B x PIREBRIAQAN KNS Y

ES
Cops Conduits_Co

~

Figure 4-8. Model Development in GIS ModelBuilder Platform.

The model developed in GIS ModelBuilder is published to ArcGIS Server as
geoprocessing services, and cartographic representations of utility data are published as map
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services. Geoprocessing services contain models, and a model takes the data captured in a
database, processes it, and returns output in the form of features and maps. The steps involved in
publishing the geoprocessing and map service from the results are presented in Appendix E.

4.3.3 Visualization Tool

A web-based geospatial platform enables the utility managers to visualize and query
force main information along with associated information retrieved from other national
databases. Advanced tools such as ArcGIS Viewer Flex Application Builder and ArcGIS Server
are used in this research to build this web based visualization tool.

ArcGIS Viewer for Flex is used to develop interactive web maps. In addition, ArcGIS
Server resources are integrated with Flex components. The REST URL's retrieved from the
ArcGIS Server are embedded in the Flex application code. The steps involved in developing an
interactive web based visualization tool are presented in Appendix F.

4.4  Results Dissemination

An exclusive working environment is provided for each utility, which provides access to
their respective data and to the model results for their force mains. A utility hub page is created
in the www.pipeid.org website for each utility. The model is run with individual utility's data and
the standardized data, model description and the web based visualization tool is provided to the
utility through the hub page. The registered utilities can access the hub page by clicking the ‘My
Hub Page’ tab under the ‘My PIPEiD’ tab. The ‘My Hub Page’ contains three tabs: data
management, model implementation and model visualization (Figure 4-9). The data management
tab provides the utility's standardized data. The model implementation tab describes the model
used to prioritize the utility's force mains based on risk assessment. The model visualization tab
presents the web based visualization tool, which is run using the utility's data. The utility can
change the model parameter weights and query the high risk, medium risk and low risk force
mains in their system.
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Figure 4-9. Example Hub Page.

4.5 Pilot Study

The web-based platform was pilot studied using the City of Houston (COH) risk
prioritization model and Western Virginia Water Authority (WVWA) data.

The risk prioritization model employed by City of Houston is used as a prototype to
develop the web-based platform. The cause of failure and effect of failure are recognized,
wherein physical asset characteristics are emphasized in cause of failure criteria and impact of
failure is emphasized in effect of failure. The attributes of cause of failure include: material, age,
surge pressure, velocity, length, number of air release valves, discharge slope and chemical feed.
The attributes of effect of failure include: public disruption, repair cost, environmental impact,
ease of bypass/redundancy, failure history, population growth/capacity limitation, critical
industries, elimination/consolidation potential and highway/railroad crossings. Subsequently, the
weights for each factor and the risk scores used to assess the force mains risk value are defined.
The model classifies the force mains into high risk, medium risk and low risk pipelines based on
the cause of failure and impact of failure.

Subsequently, the visualization tool is developed is execute the COH model online using
WVWA data and query the pipes in the WVWA database. The geo-processing widget (Figure 4-
10) enables WVWA to assign the weights for each factor and execute the model online. WVWA
can visualize the force mains in their network and also analyze the attributes associated with the
force mains using the query widgets.
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Figure 4-10. Web-Based Application.

4.6 Conclusion

The manuscript depicts various aspects involved in developing a web-based application
for different utilities that store, collect and analyze the data in dissimilar methods. A risk
prioritization model employed by a utility is used as a prototype to develop the web-based
platform. Consequently, the model is published as geo-processing services through ESRI ArcGIS
Server. A visualization tool is developed for individual utilities that interacts with the geo-
processing services and renders a web-based interactive map to visualize the model results.

The standard data framework developed can be used by utilities to collect, store and
analyze the pipeline infrastructure data. The organized data can be used by various models and
tools through the GIS web-based interface. Furthermore, the models can be executed using the
web-based interface and additionally the results of the models can be queried using various tools
incorporated in the application. A secure access to the transformed data and the models is
provided to the utilities which can act as a decision support system for various asset management
needs.
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CHAPTER 5.0

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Force mains are installed at critical points in the wastewater distribution system. The key
elements that significantly influence the need to address the inspection, condition assessment and
renewal strategies of force mains are: lack of sufficient redundancy, high consequence of failure
and accessibility. These limitations for the management of the force mains can be mitigated by
following a structured asset management program. The thesis report suggests a guideline, a 10
step structured approach for comprehensive asset management.

Furthermore, advanced asset management of force main infrastructure entails accurate
prediction of the condition of the system to operate and maintain at the lowest overall costs. The
key components involved in a comprehensive asset management of the pipeline infrastructure are
data management, model implementation and information visualization. The thesis addressed the
issues involved in implementing the key components through the web-based platform. The main
contributions of the web-based platform included:

e Eliminated the obsolete data collection process through an FTP server and created a robust
data collection platform through the website (www.pipeid.org).

e Updated the standard data model for wastewater infrastructure and modified the model by
incorporating tables and attributes that represent performance of the force main infrastructure

e Mapped the utilities data to the standard geo-database model and created a master geo-
database for force main infrastructure systems.

e Developed a web-based geo-spatial platform for risk prioritization by using advanced tools
such as ArcGIS Viewer Flex Application Builder and ArcGIS Server.

e Disseminated the prototype model which contains a geo-processing tool that executes the
model online and provides the flexibility to change the parameter weights, and a query tool to
retrieve force mains data. The model is provided to utilities through the website
(www.pipeid.org).

5.2 Recommendations

The gaps and limitations in the force main infrastructure asset management can be
partially addressed by standardizing the utility asset management practices. A standardized
defect index and grading scale should be established by the utilities. The performance index and
prediction models can be combined with consequence of failure indices to establish the business
risk exposure associated with assets for prioritization and renewal decisions. A major need is to
have some independent test platforms where tools can be tested for their abilities to identify and
quantify defects in varying types of pipes. Tools could then be given an initial classification
based on the results from the test bed. Such independent tests would allow engineers and utilities
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to have some basis for choosing an inspection vendor. The current industry scenario has no
benchmarks or comparisons among different methods and tools.

The future research should focus on the following aspects to improve the web-based
platform:

e The integration of data from external sources to a master geo-database. Data from other
sources such as USGS, NRCS can be conflated into the existing database.

e The development of an open source web application to publish the models and reduce the
dependency on the licensed software applications.

e The development of geo-processing task using a python wrapper to execute fuzzy-based
models, MATLAB based models and other non-python script models.
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APPENDIX A

KEY RENEWAL TECHNOLOGIES AVAILABLE
THROUGH VARIOUS VENDORS

Renewal Technologies Using PE Liners.

Vendor/Technology Key Features Technical Information
Advantical Close Fit Product: Swagelining ¢ Material: Polyethylene
Symmetrical Reduction Applicable for Rehabilitation and ¢ Diameter Range: 4-44 in.
(Installed in USA) Replacement of all pressure pipe ¢ Thickness Range: Diameter Ratio

categories. 11-42

Outside Diameter of the pipe greaterthan | & Renewal Length: Up to 3000 ft.

inside diameter of the host pipe between excavations

Diameter of the pipe is temporarily ¢ Temperature Range: 80 °F-100°F

reduced using a reduction die before

installing in the host pipe

Lined pipe is pressed tightly against host

pipe

PE pipes are butt fused which alleviates

the development of leaks in the joints

Less setup time due to compact and

lightweight equipment

Does not require shrinkage, curing, field

chemistry or heating

Installation Method: Sliplining

The pipe should be in tension during the

installation process
United Pipeline Systems/ Product: Titeliner ¢ Material: HDPE PE3408 or
Close Fit-Symmetrical Application: Leak Stoppage PE4710
Reduction Outside Diameter of the pipe greaterthan | ¢  Diameter Range: 2-52 in.
(Installed in USA) inside diameter of pipe to be lined ¢ Renewal Length: Up to 2600 ft.

Butt fused

Diameter of the pipe is temporarily
reduced using a roller reduction unit and
winch

The pipe is radially compressed during
insertion process

Tension of the liner is released after the
insertion which expands the liner radially
to fit the host pipe

Internal and external loads are carried by
the host pipe

Requires bypass pumping

Installation is a continuous process
without disruption

Liner is prone to damage during
installation
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Vendor/Technology

Key Features

Technical Information

Insituform Blue/ Close Fit- | & Product: InsituGuardTM-Flexed ¢ Material: PE4710
Symmetrical Reduction ¢ Application: Rehabilitation ¢ Diameter Range: 6-48 in.
(Installed in USA) ¢ Inserted into new or existing pipe ¢ Thickness Range: Less than
+ Eliminates internal corrosion by isolating Diameter Ratio 17
the host pipe wall from the flow stream ¢ Temperature Range: 140 °F
¢ Requires by-pass + Renewal Length: Greater than
¢ Factory bends cannot be accommodated 2000 ft. based on winching
capacity
¢ Pressure Capacity: 150 psi
¢ Design Life: 50 years
Subterral Close Fit- ¢ Product: Rolldown ¢ Material: PE8O
Symmetrical Reduction ¢ Emerging technology for Sewer Pumping | ¢  Diameter Range: 4-20 in.
(Not Installed in USA) Mains ¢ Temperature Range: 73 °F
Country of Origin: UK ¢ Inserted by pushing PESO through a ¢ Renewal Length: 5000 t. in one
series of concentric rollers insertion
¢ Lineris pressurized with water after ¢  Pressure Capacity: 232 psi
insertion to revert to original size ¢ Design Life: 50 years
Subterral Close Fit-Fold ¢ Product: Subcoil ¢ Material: PE8O
and Form ¢ Emerging technology for Sewer Pumping | ¢ Diameter Range: 4-12 in.
(Not Installed in USA) Mains ¢ Temperature Range: 73 °F
Country of Origin:UK ¢ Factory folded in C shape ¢ Renewal Length: 3500 ft. in one
+ Liner is pressurized with water after insertion
insertion to form a close fit ¢ Design Life: 50 years
Mainsaver/ Close Fit-Fold ¢ Product: Mainsaver ¢ Material: Medium Density
and Form ¢ Application: Renew pipes with holes, Polyethylene (MDPE), Cement
(Installed in USA) displaced joints and leaking joints Mortar
¢ Flexible MDPE tube with grout key hooks | & Diameter Range: 4-12 in.
on the outside surface ¢ Thickness Range: 3 mm
+ Cement grout is placed between the tube | ¢  Temperature Range: 37 °F
and host pipe after the tube is inserted ¢  Pressure Capacity: Less than 294
into the main psi
¢ Grout is distributed against the host pipe ¢ Renewal Length: 500 ft.
surface
¢ Applicable for small diameter pressure
pipes only
Subterra/ Close Fit-Fold ¢ Product: Subline ¢ Material: PESO
and Form ¢ Application: Prevents leaks and stops ¢ Diameter Range: 3-60 in.
(Not Installed in USA) internal corrosion ¢ Thickness Range: 3-20 mm
Country of Origin: UK ¢ Temporary bands are used to restrain ¢  Temperature Range: 73 °F
PE80 into a C shape ¢ Renewal Length: 3500 ft.
¢ The temporary bands are broken after ¢ Design Life: 50 years
insertion by pressurized water and
thereby reverting the pipe to original size
+ Can navigate 45° angle bends
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Vendor/Technology

Key Features

Technical Information

Insituform Blue / Close Fit- | & Product: InsituGuard - Folded HDPE + Material: PE100
Fold and Form ¢ Application: Stops leaks ¢ Diameter Range: 12-48 in.
(Installed in USA) ¢ Continuous Liner ¢ Thickness Range: Less than

+ Eliminates internal corrosion by isolating Diameter ratio 17

the host pipe wall from the flow stream ¢ Temperature Range: 80 °F-140°F

+ Installed with close-fit against host pipe + Renewal Length: Above 2000 ft.

+ Factory bends cannot be accommodated based on winching capacity

+ Requires Bypass ¢  Pressure Capacity: 150 psi

+ Wall thickness depends on the diameter ¢ Design Life: 50 years

Renewal Technologies Using PVC Liners.

Vendor/Technology Key Features Technical Information
Miller Pipe/ Close Fit Fold ¢ Product; EX Pipe ¢ Material: PVC base with 12334B
and Form ¢ Application: Infiltration and Exfiltration, cell classification
(Installed in USA) Root Intrusion and Soil Loss is stopped ¢ Diameter Range: 6-15 in.

+ Can be installed in 90° angle bends and + Thickness Range: 0.20-0.43 in.
small diameter variations + Temperature Range: 140 °F
¢ High Strength un-plasticized PVC ¢ Renewal Length: 350-600 ft.
¢ Softened with heat and continuously ¢ Design Life: 50 years
inserted into the host pipe
¢ Pipeis expanded 10% to fit against the
host pipe
¢ Resistance to abrasion and chemicals
+ Low coefficient of thermal expansion
¢ Available in small diameter ranges
American Pipes and ¢ Product: AM - Liner Il + Material: HDPE PE3408 or
Plastics/ Close Fit Fold and | &  Application: Rehabilitation PE4710
Form ¢ Pulled into the host pipe and thermoformed | ¢  Diameter Range: 2-52 in.
(Installed in USA) ¢ Resistant to chemical attacks ¢ Renewal Length: Up to 2600 ft.
+ Not employed in pressure pipe, applied in
gravity wastewater and stormwater
Underground Solutions/ ¢ Product: Duraliner ¢ Material: PVC
Close Fit - Expandable ¢ Application: Rehabilitation and ¢ Diameter Range: 4-16 in.
Replacement ¢ Design Life: 100 years
¢ Resistant to water disinfectant induced ¢  Pressure Capacity: Greater than
oxidation and resistant to hydrocarbon 150 psi
permeation
¢ The flow is maintained in the pipe which is

accomplished through improved coefficient
of friction which offsets the reduction in
internal area
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Vendor/Technology

Key Features

Technical Information

Underground Solutions/ ¢ Product: Fusible PVC (FPVC) ¢ Material: Fusible PVC
Sliplining and HDD ¢ Emerging technology which employs butt | &  Diameter Range: 4-12 in. for
(Installed in USA) fusion process to fuse the PVC pipes Fusible C-900, 14-36 in. for
¢ Resistant to corrosion and abrasion Fusible C-905 and 4-36 in. for
¢ High C Factor at 15° FPVC
¢ Larger inside diameters are available ¢ Thickness Range: Diameter
¢ Applications: Sliplining, HDD, Pipe Ratio of 14,18,25 for C-900,
Bursting, Direct Bury and Pipe Bursting Diameter Ratio of
(Common|y used) 14,18,21,25,32.5,41,51 for C-
¢ Impacted by fatigue pressures 905 and Diameter Ratio of
¢ Fusion time is 1.5-2 minutes per diameter 14,18,21,25,26,32.5,41,51 for
inch FPVC
¢ Limited bending radius of FPVC requires ¢ Temperature Range: Less than
longer insertion pits over softer 140°F
thermoplastics ¢ Renewal Length: Pipe Bursting:
300-500 ft., Slipline length of
3500 ft. and 5100 ft. of HDD
length
+  Pressure Capacity: 165 psi -305
psi for C900 and 80 psi - 235 psi
for C905
¢ Design Life: 100 years
Renewal Technologies Using Polyester Liners.

Vendor/Technology Key Features Technical Information
Inliner Technologies/ CIPP | & Product: Inliner + Material: Isophthalic Polyester
(Installed in USA) ¢ Installation Method: Inversion or Pulled-In Resin, Epoxy Vinyl Ester and

Place Enhanced Polyesters
¢ Resin impregnated tube can be stored in ¢ Diameter Range: 4-120 in.
refrigerated environment for two to three ¢ Thickness Range: 0.12-2.4 in.
weeks + Temperature Range: Less than
¢ Patented features: StretchGuardTM and 140 °F
ResinGuardTM ¢ Renewal Length: 5 ft.-2400 ft.
+ Limited excavation is required +  Pressure Capacity: 60 psi
¢ Design Life: 50 years
Insituform Technologies/ ¢ Product: Pressure Pipe Liner ¢ Material: Vinyl ester or epoxy
CIPP ¢ Application: Eliminate leaks, prevent resins (special epoxy for potable
(Installed in USA) internal corrosion water), standard Insituform CIPP
¢ Small holes, pits or open joints in the host non-woven felt tube but with
pipe can be spanned special glass reinforcement
¢ Additional glass fiber reinforcement is included.
included to the standard Insituform CIPP ¢ Diameter Range: 8-60 in.
tubes for pressure applications ¢ Thickness Range: 0.3-0.7 in.
¢ Can be installed in 90° angle bends ¢ Temperature Range: 120 °F
¢ Internal and external loads are carried by ¢ Renewal Length: 200 ft.-1000 ft.
the host pipe +  Pressure Capacity: 200 psi
¢ Insertion of the liner requires shutdownor | &  Design Life: 50 years

bypassing
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Vendor/Technology

Key Features

Technical Information

National Environ Tech ¢ Product: National Liner ¢ Material: Non woven polyester
Group / CIPP ¢ Key Features: saturated with isophthalic or
(Installed in USA) ¢ Minimum excavation is required vinylester polyester resin
¢ Anew composite with glass fiber ¢ Diameter Range: 6-120 in.
reinforcement is under development for ¢ Thickness Range: 4.5-33.5 mm
pressure pipes + Temperature Range: PE resin
up to 205 °F and VE resin up to
248 °F
¢ Renewal Length: 800 ft. to 2000
ft. based on the diameter
+ Pressure Capacity: Greater than
50 psi
¢ Design Life: 50 years
Karl Weiss Technologies ¢ Product; Starline HPL-S ¢ Material: Polyester woven liner,
GmbH/ Woven Hose - ¢ Pressed through calibrated rollers prior to adhesive and epoxy coatings
Adhesive pushing into the pipe ¢ Diameter Range: 3-24 in.
(Not Installed in USA) ¢ Lineris inverted inside the pipe segment ¢ Temperature Range: 78 °F
Country of Origin:Germany until it reaches the catch basket ¢ Pressure Capacity: Less than
430 psi
¢ Design Life: 50 years

Renewal Technologies Using Glass Fiber Reinforced Liners.

Vendor/Technology Key Features Technical Information
NOVOC Performance ¢ Product: Paraliner FM + Material: One or more layers of
Resins/CIPP ¢ Installed by inversion method using head of absorbent non-woven felt fabric,
(Installed in USA) water or pulled into place by winch and fiberglass, NOVOC 4900 PW

inflated with air resin
¢ A continuous watertight liner from start to ¢ Diameter Range: 6-96 in.
end ¢ Thickness Range: 4.5-52.5 mm
¢ Minimum excavation is required ¢ Temperature Range: 220 °F
+ Requires bypass during installation +  Pressure Capacity: 230 psi
¢ Theline must be cleaned before installation | ¢ Renewal Length: 1000 ft. based
on diameter
¢ Design Life: 50 years
Insituform Technologies/ ¢ Product: Reinforced Pressure Liner + Material: Two or more layers of
CIPP ¢ Installation method: Inversion with Hot absorbent non-woven synthetic
(Installed in USA) Water Cured fiber combined with glass fiber
¢ Emerging technology to prevent internal reinforcement
corrosion ¢ Diameter Range: 8-72 in.
¢ Does not rely on the host pipe ¢ Thickness Range: 5-26 mm
+ Additional glass fiber reinforcement is ¢ Temperature Range: 120 °F
included to the standard Insituform CIPP + Design Life: 50 years
tubes for pressure applications +  Pressure Capacity: Less than 80
+ Small holes, gaps or open joints can be psi
spanned ¢ Renewal Length: 200 ft. to 1000
¢ 45° angle bends can be accommodated ft.
+ The pipe should cleaned before installation
¢ Requires bypass during installation
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Vendor/Technology

Key Features

Technical Information

Norditube Technologies/ ¢ Product: Nordipipe ¢ Material: Polyethylene coating in
CIPP ¢ No support from host pipe is required contact with potable water, non-
(Not Installed in USA) ¢ Resistance to high pressure woven felt and glass fiber
Country of Origin:Sweden | 4  45° angle bends can be navigated chopped mat, with epoxy or vinyl
¢ Installed by Air Inversion method with air or ester resin.
steam cure. Also installed by Water column | ¢  Diameter Range: 5-48 in.
inversion with circulated water cure ¢ Thickness Range: 4.6-24 mm
¢ Temperature Range: 100 °F with
Epoxy and 160°F with vinyl ester
+ Renewal Length: 500-600 ft.
+  Pressure Capacity: 60-250 psi
¢ Design Life: 50 years
BKP Berolina Polyester + Product: Berolina Liner ¢ Material: Five layers of glass-
GmbHICIPP ¢ UV cured Liner fiber and/or polyester web that is
(Not Installed in USA) ¢ Glass fiber layer provides the axial strength impregnated with a UV-light
Country of Origin: Germany to pull the liner in place curing polyester resin.
¢ Canbe CCTV inspected prior to UV cure ¢ Diameter Range: 6-40 in.
¢ Circular and Oval profiles can be installed | ¢  Thickness Range: 2-12 mm
¢ Temperature Range: 122 °F with
Polyester resin and 158 °F with
Vinylester resin
+ Renewal Length: 1200 ft.
+  Pressure Capacity: 45 psi
+ Design Life 50 years
Reline America/CIPP ¢ Product: Bue-Tek ¢ Material: Advantex® EC-R glass
(Installed in USA) ¢ Higher strength and stiffness achieved fiber from Owens Corning and
through glass fiber reinforce wall polyester, vinylester or ortho
¢ Fast curing times for all diameters resin depending on application.
¢ Less styrene emission while curing ¢ Diameter Range: 6-48 in.
+ Thickness Range: Greater than
3.5mm
¢ Renewal Length: 1000 ft.
¢ Design Life: 50 years
Insituform Blue/ Close Fit- | & Product: Insitumain + Material: Epoxy composite layer
Fold and Form ¢ Can withstand internal and external loads reinforced with glass and
(Installed in USA) ¢ Leakage and Corrosion are eliminated polyester fiber
¢ Adheres to existing host pipe ¢ Diameter Range: 6-36 in.
¢ 45°angle bends can be navigated ¢ Temperature Range: 120 °F
¢ Requires Bypass ¢ Pressure Capacity: 150 psi
Sanexen Environmental ¢ Product: Aqua-Pipe ¢ Material: Five layers of glass-
Services/ Close Fit-Fold ¢ Can navigate less than 90° angle bends fiber and/or polyester web that is
and Form ¢ Resistant to corrosion impregnated with a UV-light
(Installed in USA) & Cannot navigate 90° bends curing polyester resin.
¢ Diameter Range: 6-12 in.
¢ Thickness Range: 3-6 mm
+ Temperature Range: 35 °F-
100°F
¢ Renewal Length: Up to 500 ft.
+  Pressure Limit: 150 psi
+ Design Life: 50 years
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Vendor/Technology

Key Features

Technical Information

Saertex Multicom GmbH / ¢ Product: Saertex-Liner ¢ Material: Advantex® (ECR
Woven Hose-Non Adhesive | ¢ External styrene film outside the structural glass) glass fiber from Owens
(Installed in USA) layer followed by an opaque film protects Corning. Polyester resin from
against UV exposure and damage during DSM and Scott Bader.
installation Vinylester resin from NRC.
¢  Glass Fiber reinforcement provides high ¢ Diameter Range: 6-48 in.
tensile strength in radial and axial ¢ Thickness Range: 3-12 mm
directions ¢ Renewal Length: Hose Liners
¢ Cured by UV or steam Up to 500 mm
+ Can accommodate circular, egg-shaped
and box sections
+ Expensive than polyester felt material
Raedlinger Primus Line ¢ Product: Primus Line + Material: Five layers of glass-
GmbH/ Woven Hose-Non ¢ Curing is not required fiber and/or polyester web that is
Adhesive ¢ 30°angle bends can be navigated impregnated with a UV-light
(Not Installed in USA) ¢ Light weight, High strength, easy to install curing polyester resin.
Country of Origin: Germany | o  Gan be used for temporary by-pass line ¢ Diameter Range: 6-20 in.
¢ Need special connectors to adapt to fittings | ¢  Thickness Range: 6.5 mm
¢ Requires special coupling device to join ¢ Temperature Range: 60 °C
steel, PE and other pipes with pressure ¢ Renewal Length: Up to 6000 ft.
rating greater than 16 bars +  Pressure Capacity: 218-500 psi
+ Design Life: 50 years
Aqualiner/Glass Reinforced | & Product: Aqualiner + Material: Five layers of glass-
Thermoplastic ¢ Emerging technology involving insertion of fiber and/or polyester web that is
(Not Installed in USA) glass fiber reinforced polypropylene sock impregnated with a UV-light
Country of Origin: UK into the deteriorated pipe curing polyester resin.
+ Long shelf life due to no mixing of + Diameter Range: 6-12 in.
chemicals + Thickness Range: 3-6 mm
¢ Can withstand internal and external ¢ Temperature Range: -5 °C-40 °C
pressures ¢ Renewal Length: 500 ft. of 12 in.
¢ Minimum excavation required ¢ Pressure Capacity: 150 psi
¢ Design Life: 50-75 years
RS Technik/Glass ¢ Product: RS CityMain ¢ Diameter Range: 6-48 in.
Reinforced Liner ¢ Product uses DOW resins that are styrene- | ¢  Operating Pressure: 230 psi
(Installed in USA) free, HAP-free and VOC-free + AWWA Class IV fully structural
¢ Available in two type of liners: Inversion renewal
and Pull-In
¢ Cured using hot water or steam
Renewal Technologies Using Carbon Fiber Liners.

Vendor/Technology Key Features Technical Information
Fibrwrap Corp./CIPP ¢ Product; Fibrwrap + Material: Layers of FRP
(Installed in USA) ¢ Diameter Range: 30-201 in.

¢ Applications: Repair, strengthening and + Thickness Range: 0.08-1 in.
retrofit of corrosion induced and distressed | &  Temperature Range: 220 °F
large diameter PCCP, RCCP and steel ¢ Renewal Length: 16-20 ft.
pressure pipes #  Pressure Capacity: 150 psi
¢ Design Life: 50 years
¢ Limited to sectional repairs as they incur

less cost
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Vendor/Technology

Key Features

Technical Information

CarbonWrap/CIPP ¢ Product: CarbonWrap + Material: Epoxy resin and
(Installed in USA) ¢ Key Features: carbon fiber
¢ Application: Strengthening buried PCCP ¢ Diameter Range: Greater than
pipes with broken wires 36in.
+ Can be used for concrete and steel pipes + Thickness Range: Greater than
¢ No excavation is required 0.1251n.
¢ Cannot be used in temperatures less than | ®  Pressure Capacity: 150 psi
200 °F + Design Life: 25 years
Structural/Reinforced ¢ Product: V-Wrap ¢ Diameter Range: Greater than
Composite Liner ¢ Utilizes carbon fiber tensile reinforcement 30in.
(Installed in USA) and epoxy binders placed onto the interior | ¢  Thickness Range: 6mm-19mm
of an existing pipe.
¢ Well-suited for Prestressed Concrete
Cylinder Pipe (PCCP)
+ Fits straight and curved pipe sections
+ Withstands high design pressure
+ Watertight structural membrane
Renewal Technologies Using Polyurea Liners.
Vendor/Technology Key Features Technical Information
3M /Spray-On Lining + Product: Skotchkote + Suitable as an inner corrosion
(Installed in USA) ¢ Suitable as an inner corrosion barrier or a barrier or a semi-structural liner
Country of Origin: semi-structural liner ¢ Applicable for Rehabilitation by
+ Applicable for Rehabilitation by Spray Spray Lining
Lining +  Low viscosity for pumping to
¢ Low viscosity for pumping to remote spray remote spray head locations
head locations + Moisture tolerant to provide
¢ Moisture tolerant to provide slump resistant slump resistant coatings with
coatings with good adhesion characteristics good adhesion characteristics
¢ Low elastic modulus: internal pressure is ¢ Low elastic modulus: internal
carried by the host pipe pressure is carried by the host
¢ Requires no secondary fittings as it is pipe
completely bonded to the host pipe ¢ Requires no secondary fittings
¢ Design Life: Greater than 30 years as it is completely bonded to the
¢ 1 mm-5 mm thick linings can be applied in host pipe
a single pass ¢ Design Life: Greater than 30
¢ Requires cleaning, drying and join-fitting years
¢ Excavations: Approximately 1 every 100-
150 m
+ Disruption Time: Less than 8 hours
+ Very flexible with low tensile strength
Questinspar/Manufactured | ¢ Product: Pipearmor ¢ Material: Polyurea
-in-place ¢ Any directional axis and bend radius up to ¢ Diameter Range: 6-174 in.
(Installed in USA) 90° ¢ Thickness Range: 0.02-1.5 in.
¢ Self-supporting structural liner is delivered | &  Design Life: 75 years
in a single pass vs. multiple passes
+ Ultra-fast setting resin, with a 4-5 second
snap cure
+ Temperature, chemical and abrasion

resistant
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Vendor/Technology

Key Features

Technical Information

Excellent Mechanical Properties
Insensitive to Environment
Thermal Stability

Sprayroq/Elastomeric Product: Sprayshield Green 1 and + Design Life: 50 years
Polyurethane Sprayshield Green 2 + Tensile Strength: 2780
(Installed in USA) Ideally designed for applications on psi(Sprayshield Green 1)
surfaces that are exposed to acids, + Tensile Strength: 2900
corrosives and other caustic elements psi(Sprayshield Green 2)
Environmental factors such as freeze/thaw | &  Elongation: 115%(Sprayshield
cycling, vibration and seismic activities Green 1)
have no affect on the performance + Elongation: 43%(Sprayshield
Green 2)
+ Tear Strength: 580
pli(Sprayshield Green 1)
+ Tear Strength: 593
pli(Sprayshield Green 2)
¢ Flex Modulus: 75000 psi Tear
Strength: 580 pli(Sprayshield
Green 2)
+ Abrasion, mg loss/1000 cycles:
53(Sprayshield Green 1)
+ Abrasion, mg loss/1000 cycles:
42(Sprayshield Green 2)
+ Water Permeation g/day/m2:
1.49
¢ Hardness, Shore D: 62-68
+ Density: 67.5 Ibs/cu.ft.
HydraTech/Semi-Structural Product: PolySpray SS-100 ¢ Diameter Range: 30-120 in.
Polyurea Based Lining ¢ Thickness Range: 0.25-2 in.
(Installed in USA) Rapid setting semi-structural polyurea ¢ Tensile Strength: 3400 psi
monolithic coating + Tensile Modulus: 41,200 psi
+ Elongation: 100%
Not recommended for substrates subjected | &  Tear Strength: 555 pli
to significant movement. ¢ Flexural Modulus: 93,000 psi
¢ Flexural Strength: 4300 psi
Advantages: ¢ Temperature Range: 60-130°F
¢ Seamless, High-Build Liner o RESIN Viscosity: 800-1000 cP
¢ Fast Cure (tack free in under 30 seconds) @77°F
¢ High Flexibility and Toughness ¢ IS0 Viscosity: 400-600 cP @ 77
¢ Immediate Return to Service °F
¢ Chemical, Abrasion and Impact Resistant | ¢  Gel Time: 5 sec.
¢ Environmentally Friendly (No V.O.C.) & Tack Free: 10 sec.
¢ Elastomeric ¢ Backin Service: 30 minutes
.
.
.
.

Moisture Tolerant
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Vendor/Technology

Key Features

Technical Information

Elastomeric

Excellent Mechanical Properties
Insensitive to Environment
Thermal Stability

HydraTech/Structural Product: PolySpray FS-250 ¢ Tensile Strength: 6000 psi
Polyurea Based Lining A spray applied, structural, rapid curing, ¢ Tensile Modulus: 250,000 psi
(Installed in USA) RIGID liner ¢ Elongation: 15%
Installation is bonded and results in zero ¢ Flexural Modulus: 250,000 psi
annulus with host pipe +  Flexural Strength: 9300 psi
Not recommended for substrates subjected | &  Temperature Range: 70-130°F
to significant movement. ¢ RESIN Viscosity: 700-900 cP @
Advantages: 77 °F
¢ Structural, Seamless, High-Build Liner ¢ IS0 Viscosity: 600-800 cP @ 77
¢ Fast Cure (tack free in under 30 seconds) °F
¢ High Flexibility and Toughness ¢ Gel Time: 6 sec.
¢ Immediate Return to Service ¢ Tack Free: 10 sec.
+ Exceeds all physical properties required + Backin Service: 30 minutes
by ASTM F1216
¢ Chemical, Abrasion and Impact Resistant
¢ Environmentally Friendly (No V.0.C.)
¢ Elastomeric
¢ Excellent Mechanical Properties
¢ Insensitive to Environment
¢ Thermal Stability
¢ Moisture Tolerant
HydraTech/High Elongation Product: PolySpray HE-800 ¢ Tensile Strength: 1700 psi
Polyurea Based Lining A rapid setting highly flexible and elastic ¢ Tensile Modulus: 1,200 psi
(Installed in USA) polyurea coating ¢ Elongation: 800%
Not recommended for applications + Tear Strength: 445 pli
requiring structural support ¢ Flexural Modulus: 22,500 psi
Advantages: ¢ Flexural Strength: 1400 psi
¢ Seamless, High-Build Liner ¢ Temperature Range: 60-130°F
¢ Bridges gaps up to 1/8” wide ¢ RESIN Viscosity: 400-600 cP @
¢ Fast Cure (tack free in under 30 seconds) 77 °F
¢ High Coating elongation + IS0 Viscosity: 400-600 cP @
¢ High Flexibility and Toughness ¢ T7°F
¢ Immediate Return to Service ¢ Gel Time: 15 sec.
¢ Chemical, Abrasion and Impact Resistant | ¢ Tack Free: 30 sec.
¢ Environmentally Friendly (No V.0.C.) + Backin Service: 30 minutes
.
.
.
.
.

Moisture Tolerant
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Vendor/Technology

Key Features

Technical Information

HydraTech/Extreme
Corrosion Resistant-Acid
Alkaline

(Installed in USA)

* & O o o

* & & & 0 o0

Product: PolySpray ECR-AA
A spray applied, rapid setting elastomeric
polyurea
Provides a flexible alternative to brittle
epoxies
Not recommended for sustained immersion
in organic solvents structural support
applications
Advantages:
Seamless, High-Build Liner
Fast Cure (tack free in under 30 seconds)
High Flexibility and Toughness
Immediate Return to Service
Chemical, Abrasion, and Impact
Resistant
Environmentally Friendly (No V.0.C.)
Elastomeric
Excellent Mechanical Properties
Insensitive to Environment
Thermal Stability
Moisture Tolerant

L IR R JEE JER 2R 2R B 2

* & 6 o o

Tensile Strength: 2300 psi
Tensile Modulus: 18,200 psi
Elongation: 200 %

Tear Strength: 329 pli

Flexural Modulus: 16,400 psi
Flexural Strength: 1200 psi
Temperature Range: 70-130°F
RESIN Viscosity: 1000-1200 cP
@77 °F

ISO Viscosity: 400-600 cP @
77 °F

Gel Time: 8 sec.

Tack Free: 20 sec.

Back in Service: 24 hours
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WASTEWATER FORCE MAIN ESSENTIAL

PERFORMANCE DATA LIST
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APPENDIX C

WASTEWATER FORCE MAIN PREFERABLE

PERFORMANCE DATA LIST
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APPENDIX D

DATA SUBMISSION GUIDELINES

The data can be submitted by visiting www.pipeid.org. A new account should be created
prior to data submission. ‘Create new account’ tab in the ‘User login’ section of the Home page
will redirect the user to the ‘User Account’ page to create a new account (Figure D-1). The
required account information should be entered in the ‘User Account’ page (Figure D-2). Please
click the ‘Create new account’ button at the end of the page to submit user registration (Figure
D-3). Subsequently, the user will receive an email upon approval of registration (Figure D-4).
Please follow the instructions in the email to setup a password for the account.

Home V AboutPIPEED V¥ MyPIPEED V¥ Research and Publications ¥ Education & Outreach ¥ Links

PIPE/D

PIPELINE infrastructure DATABASE

Institute for Critical Technology
and Applied Science

Holistic Approach for Water NEWS
2 = Username:
Infrastructure Systems Management -V Vembershio :
An unique opportunity
{"’h::::;\‘) ——— —— — to support the Password:
and Data b m‘-
M Environm ental, Economical, and Societal sustainability of PIPEID
f ) » Annual SWIM 1AB Log in]
Water Infrastructure System sinabiity 9
BUILD — Meeting
Source > Treatment > Distribution > Sewer/Treatment > Discharge
— An event to address » Request new password
[ issues related to water

infrastructure
KNOWLEDGE BASE
management

» PIPEID Workshop “'.“ E
Focused on enhancing WATER mhns(vmunBWA!&S(-

the practice of pipeline

asset management

Drinkingwater

Figure D-1. Create new account tab on the Home Page.
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http://www.pipeid.org/

Home V¥ AboutPIPEID ¥ MyPIPEID ¥ Research and Publications ¥ Education &

-

/

-
¢ / Water Environment Research Foundation
- Collaboration. Innovation. Results.

PIPELINE infrastructure DATABASE @ VirginiaTech.

Institute for Critical Technology
and Applied Science Swir

YOUAREHERE User account / User account

User account

Create new account Log in Request new password
Username:
Spaces are allowed: punctuation is not allowed except for periods, hyphens, and underscores.
E-mail address:

A valid e-mail address. All e-mails from the system will be sent to this address. The e-mail address is not made public and will only be used if you wish to
receive a new password or wish to receive certain news or notifications by e-mail

Full name (Given name + Family name):

Photo:

| Choose File | No file chosen

Maximum file size: 572 M8

Allowed extensions: prg gifjog jpeg
Images must be between 100x100 pixels and 640x640

Figure D-2. User Account Page.

« Vocabularies

Industry class:
<none= r

All selections

Nothing has been selected.

Click Add Button.

Water Types:
<nonex A

All selections

Nothing has been selected.

Click Add button.

Technologies:
<none= A

All selections

Nothing has been selected.

Click Add button.

< ic Asset M
<nones A

All selections

Nothing has been selected.

Click Add button.

Figure D-3. Create New Account Button.



PIPEiD <waterid vt@gmail.com>
to me |~

PIPEID Username,
Your account at pipeid org has been activated.

You may now log in by clicking on this link or copying and pasting it in your
browser:

http://www_pipeid. org/user/reset/5756/1457211935/7c8eb7ed32alcc2cd82a0472{c680bad

This is a one-time login, so it can be used only once.

After logging in. you will be redirected to

http://www pipeid org/user/5756/edit so you can change your password.

Once you have set your own password, you will be able to log in to
http://www pipeid org/user in the future using:

Figure D-4. Registration Approval Email.

After registering on the website, utilities click the ‘Upload’ tab under the ‘My PIPEiD’
tab to upload the data (Figure D-5). The ‘Upload’ tab will redirect the user to ‘Create Upload’
page (Figure D-6). Utilities enter the Utility Name in the ‘Title’ section, name and the contact
number of the person to contact for additional information in the ‘Contact Name’ and ‘Contact
Phone’ sections respectively. Utilities click the ‘Choose File’ button to select the file to upload
from your system (Figure D-7). Utilities are suggested to compress the files before uploading
them. Each compressed file size should not exceed 500MB. Subsequently utilities click the
“Upload’ button upon selecting the file (Figure D-8). Multiple files can be uploaded by clicking
the ‘Add another item’ button (Figure D-9). Another item should be added after uploading the
previous file. ‘Save’ button at the bottom of the page after uploading all the files will upload the
data on the server (Figure D-10). The utilities data is stored on the ICTAS server at Virginia
Tech.
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Home ¥V AboutPIPED V¥V MyPIPEID ¥ Research and Publications

Data Profile

Model Profile

PI. Upload
L B 4

PIPELINE infrastructure DATABASE

¥ Education & Outreach V¥ Links

W WERF

Water Environment Research Foundation
Collaboration. Innovation. Resuits.

@ VirginiaTech.

Institute for Critical Technology

and Applied Science Swir
Performance Curves for Pipe Deterioration ygws PIPEIDTEST
@ SWIM Membership @ My account

best

An unique opportunity » Create content
to support the

© VT admin
sustainability of PIPEID
o Submission
@ Annual SWIM IAB Approval

Meetin
9 o Comment List

An event to address

issues related to water @ Log out
infrastructure
management KNOWLEDGE BASE

PIPEID Workshop

Focused on enhancing WA“ni'

WATER infrastructure DATABASE

PSS T Ry S B NG

Figure D-5. Upload Tab Under My PIPEID Tab.

¥ About PIPEID ¥ My PIPEID ¥ Research and Publications

PIPE/D

PIPELINE infrastructure DATABASE

YOUAREHFRE Create content / Create Upload

Create Upload

Title:

ile | No file chosen

Mzximum T8 size: SO0 M5

please compress {
Add another flem

ip. rar etc.) your files before uploading

» Location

Body-

* Web page addresses and a-mail addrs tumn inta links automatically
= Allowsd HTML tags: <a> <em> <z

* Linas and paragraphs break autom;

More information about formatting options

<cite> <cods> <ul> <ol> <li> <dl> <dt> <dd> <img> <hl> <n2> <hi>

¥ Education & Outreach ¥ Links

@ VirginiaTech.
Institute for Critical Technology
and Applied Science

f account

ate content
e Bid Information

e Forum topic

» Funding
Opportunities

» Group post

@ Library Submission

¢ Management and
Tool Profile

¢ Models and Tools
Profile

s Organization
Profile

@ Product
Qualification

[Spiit summary at cursos. Submittal Packages

e Profi

)

s Refe:
Document
s Technology and

ice Provider

Case Study
» Technology or

Product Profile

Figure D-6. Create Upload Page.
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Home ¥ About PIPEID ¥ My PIPEID ¥ Research and Publications ¥ Education & Outreach ¥ Links

W WERF

PIPE/D €3 WWE

-~ —
PIPELINE infrastructure DATABASE 3 V nlaTeCh
Institute 'or Critical Technology
and Applied Scienc

YOUAREHERE Create content /| Create Upload PIPEIDTEST

Create Upload > My account

= Create content

Title:

8id Inform

rum topic

Funding

Opportunities

Group post

e Library Submission

Management and

Tool Profile

Models and Tools

| Choose File | Mo fie chosen

Ataximum fEe siza: 500 M5

Profile

Organization

please compress (zip. rar etc.) your files before uplcading

Add another item| Profile
» Location i
Qualification
By [Spit summary at cursosd Submittal Packages
o Profile
2|

* Wsk page addresses and e-mail addressaes tumn inta links automa:
*  Allowsd HTML tags: <a> <em> <3 <cite> <coda> <ul> <ol
raphs braak automatically

Technology and

*  Linaz and para;
Provider

More information about formatting options
Case Study

e Technology or

Product Profile

Figure D-7. Selecting the File to Upload.

Home ¥ About PIPEID ¥ My PIPEID ¥ Research and Publications ¥ Education & Outreach ¥ Links

PIPE/D L © MWK

~ —
PIPELINE infrastructure DATABASE WVi iniaTech.

Institute Vov Critical Technology
and Applied Science

YOUAREHERE Crzate content / Create Upload PIPEIDTEST

Create Upload > My account

« Create content
Bid Information

e Forum topic

nding
Opportunities

Group post

e Library Submission

Management and

| Choose File | No file chosen Tool Profile

Maximum fEe size: 500 M5

Models and Tools

Prof

Organization

please compre: ip. rar etc.) your files before upleading

» Location @ Product

Qualification

e [Spit summary at cursos Submittal Packages

]

and a-mail addr
<a> <em> <

turn into links autom:;
> <cite> <cods> <ul> <ol

Wist paga addr

<li> <dl> <de> <dd> <img> <hl> <n2> <h2>
aphs break automatically.

More information about formatting options

Technology or

Product Profile

Figure D-8. Uploading the Selected File.



Home ¥ About PIPEID ¥ My PIPEID ¥ Research and Publications ¥ Education & Outreach ¥ Links

-

WWER

PIPE/D & ) WWERF

- * . .
PIPELINE infrastructure DATABASE @ VirginiaTech.

Institute for Critical Technology
and Applied Science

YOUAREHERE Create content / Create Upload PIPEIDTEST

Create Upload ® My account

« Create content

Title: 7
» Bid Information

rum topic

¢ Funding

Contact Phone: Opportunities

N » Group post

s Library Submission

¢ Management and
Tool Profile

® Models and Tools

Pro

e Organization
Profile

¢ Product

Qualification

Body: [Spit summary at cursos Submittal Packages
s Profile
2 .
s Refere

® Wk pags addresses and a-mail addressas turn into links automatic: Document
*  Allowsd HTML tags: <a> <em> <strong> <cite> <cods> <ul> <ol

* Linas and paragraphs break automatically.

> <dd> <img> <hl> <h2> <h3>

Technology and
Ser

Case Study

Provider

More information about formatting options

Technology or

Product Profile

Figure D-9. Adding Multiple Files.

Home ¥ About PIPEID ¥ My PIPEID ¥ Research and Publications ¥ Education & Outreach v

4

PIPE/D

= - e
PIPELINE infrastructure DATABASE lUVirglnlaT ch

Institule for Critical Technology
and Applied Science

YOUAREHERE Create content | Create Upload PIPEIDTEST

Create Upload * My account

« Create content

Title:
T - @ Bid Information
Contact Name: i s

5| e Funding
Contact Phone: Opportunities

* Group post

Library Submission

i
]

Management and

[ Choose File | No fie chosen Tool Profile

ximum 500 mE

Models and Tools

Profile

please compres: ) your files before uploading Organization

Add another fiem| Profile

» Location ¢ Product
Qualification

Body- [Spit summary at cursoq Submittal Packages

e Profile
|

Document

* Wk paga addresses and a-mail addresses tumn inta links automat
*  Allowsd HTML tags: <a> <em> <strang> <cite> <code> <ul> <ol> <li> <dl> <de> <dd> <img> <hl>
*  Linas and paragraphs break automatically

¢ Technology and

Se Provider

More information about formatting options
Case Study

= Technology or

Product Profile

Figure D-10. Final Upload Step.
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APPENDIX E

STEPS INVOLVED IN PUBLISHING THE MODEL

1. A publisher account is setup on the ArcGIS Server and the account is connected through
ArcCatalog

2. Right click on the model result in the "Geoprocessing Results™ tab in arcmap and select
Share as Geoprocessing service (Figure E-1)

3. Select "Publish a new service" (Figure E-2)

Select publisher account from the dropdown list as the server connection (Figure E-3)

Enter the name for the service (this will become part of the REST (Representational State

Transfer) URL) (Figure E-3)

Click "next" (Figure E-3)

Select the folder from the dropdown list (Figure E-4)

Click "continue™. This will bring up the Service Editor dialog (Figure E-5)

Click the "Analyze" button to correct any errors that needs corrected before publishing the

geo-processing service (Figure E-5)

10. Expand an error group and double click each problem to fix it

11. Subsequently, click "Publish™ button to publish the geo-processing service (Figure E-6)

12. The map and geo-processing information published to the ArcGIS Server is presented as a
REST URL (Figure E-7).

o~

© oo N o

D Model Result.mxd - ArcMap - X
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
NDeEa B b - |[1:500,000 v EGEBEE P
RO TR A L R EIbAl | E SR B
Results 2 X Table Of Contents 2 x felfoor + { S
T Current Session 0S8 3 & Forest 181 +
= T Previous Session 2,
cf=4 Layers|
= B;E..m; 5 @ Asbestos_Cement -~
® ¢
£ Open = s A
Shared ;
B Share i = © Plastic + ) —
= S A o
& Copy 8 & Metallic Now Costi - National
X Remove — e + Porss
Rename = @ Low_Risk \’\
Copy As Python Snippet i . 48 '
5 @ Medium_Risk N7 ¥y =
X Delete s 3 \ Lynchbirg
ReRun = @ High Risk L { . 1 ., b 0o
Share As » \5: Geoprocessing Package e Y 2 8 4:‘511 ; e /
Save As. |® Geoprocessing Service ; ¢ $ S + 4
[ = © Basemap P % 5
OpenStreetMap }" " Roandke P 53 s
. £ . *
Lo \:\\
-~ )
Y
- b
+ ¥ R
+ E
B o, 4
= v
@e|en < >

10947188.205 3653246.903 Feet

Figure E-1. Sharing the Model As a Geo-processing Service.
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@ Model Result.mxd - Arc

File Edit View Bookmarks

Insert

Selection

Geoprocessing Customize Windows Help
De2d& B x & - =l
QAMQ@ 2« KE-0 K@ 7B 2N g
Results R X Table Of Content: Share as Service et
T Current Session
= [ Previous Session
8 @ Today Asbestos_Cement
@ pa Modell [195202_06142016] i
i Shred Plastic
T I ] (® Publish a service
£ M Metallic (O save a service definition file
— v
= M Low_Risk (O Overwrite an existing service
= B Medium_Risk
a 4
= @ High_Risk
= [ Basemap —
O World Street Map About sharing a service
5 @ Basemap
OpenStreetMap
s \
—ror— < —
///f -
\v 7N
Bl@n ¢ >
10952396.539 3541267.737 Feet
Figure E-2. Publishing the Geo-processing Service.
B Model Resultmxd - ArcMap - X
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
D2Es B x d-[wm VL EEEBE P
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< 51
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Figure E-3. Selecting the Publisher Account and Service Name.
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Figure E-4. Selecting the Folder to Publish the Service.
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Figure E-5. Service Editor Dialog to Analyze the Errors.
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Figure E-6. Service Editor Dialog to Publish the Service.
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Figure E-7. REST URL for the Service.
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9.

APPENDIX F

STEPS INVOLVED IN DEVELOPING THE
VISUALIZATION TOOL

A new application is created by clicking "Create a New Application™ button in the ArcGIS
Viewer Flex Application Builder (Figure F-1).

Base maps and operational layers option is selected in the maps tab of the ArcGIS Viewer
Flex Application Builder to select the basemaps and operational layers from ArcGIS Online
and ArcGIS Server (Figure F-2).

Basemap is selected from the ArcGIS Online featured basemaps (Figure F-3).

The REST URL of the map layers retrieved for map services from ArcGIS Server is
consumed by the application to represent the operational layers (Figure F-4).

A Geoprocessing widget is created by selecting the "Geoprocessing" widget button and
clicking "Include" button in the Widgets tab in the ArcGIS Viewer Flex Application Builder
(Figure F-5).

The REST URL retrieved for geoprocessing services from ArcGIS Server is consumed by
the application to represent the geoprocessing task. Additionally, the input and output
variables of the model can be edited in the geoprocessing widget (Figure F-6).

A Query widget is created by selecting the "Query" widget button and clicking "Include"
button in the Widgets tab in the ArcGIS Viewer Flex Application Builder (Figure F-7).

The REST URL of the output layers retrieved from ArcGIS Server is consumed by the
application to configure the query widget (Figure F-8). Three query widgets are created in
this manner to represent the high risk, medium risk and low risk forcemains.

Click the "Save" button after designing the tool (Figure F-9).

10. The web based visualization tool is represented in Figure F-10.
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#& ArcGIS Yiewer for Flex - Application Builder [_[5]=

My Applications Sign In | Settinus | Help | About

Appli Date Modified Actions
HRSD_Performance 10/22015 9:41:43 P P v
HRSD_Performance_FarceMain 1014i2015 10:53:03 AM y T
HRSD_Storage_ForceMaing 1052015 7:00:03 PM 4 v
HRSD_Starage_Gravity 10/7¥2015 11:35:29 AW y, v
Model Visualization B 412016 11:08:58 P y i 4
performance 5812015 11:50:10 PM y Tw
perfarmance_gravity 5712015 12:18:09 AM P A
frial 6912015 9:46:30 Al y Tw
workshop &I7i2015 5:27:56 Al P i 4
WWAAA_Houston 472602016 10:67:11 PM Tw

Figure F-1. Creating New Application in ArcGIS Viewer for Flex.
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Usge hasemaps and operational |ayers {0 setup the
map

Figure F-2. Selecting Basemaps and Operational Layers.
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Figure F-3. Selectng Basemaps from ArcGIS Online Featured Maps.
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Figure F-4. REST URL for Operational Layers.
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— Catalog
~ & ; Y a—
v & 90—
H e e & & i= & @
Bookmark Chart Data Extract Dirami Edit Geoprocessing GeoRES Layer List Legend Locator Print Query
Search Time
— Widgets in this application (2)
=
Draw Print
Click, hold, and drag a widgetto change the display order
Figure F-5. Creating a Geo-processing Widget.
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’ ‘ @ | H
Open at start m Learn more ahout Geonrocessing widget
— Widget
Task URL ‘ht‘lpSJ’lachﬁcE.\f[.:uum\, odel1iGF 1
Input {17} I Cutput (B) [ Layer Order N Options I
Name ‘ Label Type Wisible Required | Aaction
Age_weight Age_weight string true frue - S|4
Material Material string true true @ T 4
Puhlic_Disruption Public_Disruption string true true @« T 4
Repair_Cost Repair_Cost gtring true true @« ¥ 4
Surge_pressure Surge_pressure string frue true @ T 4
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G cencel

Figure F-6. REST URL for Geo-processing Service.
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Figure F-7. Creating a Query Widget.
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Figure F-8. REST URL for Output Layers.
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Figure F-9. Saving the Tool.
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Figure F-10. Web-Based Application.
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APPENDIX G - FORCE MAIN GEODATABASE MODEL

Table Parameters related to the
SUE subsurface utility exploration
Allow Prec-
Field name Datatype nulls Default value Domain ision Scale Length
Table Type a description of this feature — CRIEGTD LD
: Maintenance class or table in this placeholder rojscib String B RYes 50 | projectn
[ Simple iesture ciass o et pore | Dt regarding the laterals connected Alow text. B L o | o
Lateral Contains Z values No the mains is stored in this table Field name Datatype nulls Default value ision Scale Length nd_loc "ing €s nd_lec
Table‘ Other basellne param eters related to Allow Prec- ORJECTID Object ID length Float Yes 0 0 length of survey
Baseline the water main line Field name Data type nulls Defaultvalue Domain ision Scale Length ] StructID String Yes 50 Structure 1D De ptis float e g 0 Depth
Allow Prec- OBJECTID ObjectID MainDate String  Yes 50 | Maintenance Date Work_start Date Yes 0 0 8 J Workstan
Field name Datatype nulls Default value Domain ision Scale Length SHAPE CEET Descrip String - 50 | pescription Work_End Date Yes 0 0 8 Work_End
. loat Yes 0 0 Project cost
OBJECTID Object ID StructlD String Yes 50 RelDoc String Yes 50 Related Document Cost F . !
pipe_ID String Yes S0 | e D —— Joint_type String Yes JointTypes 50 Type_of_cleaning String Yes 50 Type of cleaning Consultant Str!ng Yes %0 Consultant
cath_prot String ES 50 | cathodic protection Material Sting  Yes PipeMaterial 50 — main_backlog String Yes 50 [ Maintenance backlog contractor S Yes 0| conmacter
design_life Shortinteger ~ Yes 0 design life of the pipe Diameter Long integer Yes 0 mpY Relati Q”Sh'P class maint_freq Short integer ~ Yes 0 Maintenan ce frequen cy technology Str!ng Yes % technology
ext_coat String Yes 50 | external coating Shape String Yes Shepe 50 9B Conduit_Maintenance = data_quality SUTE Yes 50 | dataquality
thrust_rest String Yes 50 thrust restraint PipelD String Yes 50 Oneto ~ many @Y Relationship class comments String Yes 50 comments
const_spec String Yes 50 construction specifications SHAPE_Length Double Yes 0 0 i 98| Condu it_ SUE
pipe_bed String Yes 50 pipe bedding - Oneto many
tren_fill String Yes 50 trench backfil
pipe_man String Yes 50 pipe manufacturer
tren_wid Float Yes 0 0 trench width Table Inspection attributes related to water
val_type String Yes 50 valve type Inspection main line
abs_cap Float Yes 0 0 absorption capacity NI Bracs
third_damage String Yes 50 third party damage Field name Data type nulls Default value Domain ision Scale Length
oth_inf String Yes 50 other information En Relat OnShiP class OBJECTID ObjectID
ext_coat_mat String Yes 50 External Coating Material M| | ateral_main StructiD Sifing Yes 50 | stcture D — Parameters related to the resiliency
ext_coat_year Date Yes 0 0 8 ext_coat_year Oneto - many Insp_Date Date Yes 0 0 8 Assessment Date Resiliency of the pipe network
wire_typ String Yes 50 Wire Type if PCCP Result String Yes 200 Result
c_factor Float Yes 0 0 Hazen Willams C foctor Relationship class Inspec Sheet String Yes S0 [ Inspection Sheet Field name Datatype I:iltlxcl‘l‘: Default value Domain :’s:?:(r:i- Scale Length
mat_quality String Yes 50 mat_quality Conduit_Assessments Insp_type String Yes Inspection Type 50 Type of Inspection .
man_class String Yes 50 manufacturing_class — Onetor - |many Insp_reason String Yes 50 [ Reason for Inspection — OI_SJECTID Ob]e_d b o
vintage String  Yes 50 [ vintage Lin_cond Sting  Yes 50 | Lining condition e b iy ] v 20§ Pipe identification number
lining_mat String Yes 50 lining_mat Coat_cond String Yes 50 Coating condition - p;ox_m-tTarea s ztr!ng zes 50 P!'oxm.lt:/. to areas of |r.\terest
lining_inst String Yes 50 lining_inst . Geometry Polyine Attrib ical he phvsical Corro_limits String Yes 50 Q Corrosion protection within limits Loz |rTanC|a e ALHELL str!ng Yes Sg Finanda mr.\pact on private property
Cath_prot_cont String Yes 50 Cathodic protection contino - Slmple.feature class Contains M values No ttributes |c§ t(_lt e_p ysica A Wire_break Shart integer  Yes Percentage of wire breaks (PCCP) pipe e tr!ng s > Accessto pipe
cath_prot_inst_year String Yes 50 cath_prot_inst_year Conduits Contains Z values No geometry ain lifles in stored in - hazard_type Str!ng Yes 50 hazard type
dissimilar_met Float Yes 0 0 dissimilar_met Allow Prec- this featurebdlass W2 Relationship class hazard_prox Str!ng Yes 50 f proximity to hazards
hyd_capadity String Yes 50 hydraulic capacity Y Relationship class Field name Datatype nulls Default value ision Scale Length Conduit_Resiliency post_event_plan String Yes 50 postevent plan
non_uniform_bed String Yes 50 non_uniform_bed AW Condu it_Other_Baseline OBRJECTID Object ID Bmrae = nodes_demand_ponint String Yes 50 nodes per demand point
location_type String Yes 50 J location_type One Oneto SHAPE Geometry  Yes I property_nearby String Yes 50§ typeofproperty nearby
bedding_height Float Yes 0 0 Height of bedding Pipe_ID String Yes 50 ' likely_failure String LLES 50 J likelihood of failure
— SUE_ID String Yes PipeContent 50 SUE_ID ) quality_record String Yes 50 Quality of utility records
e String Yes PipeType 50 1 Tyee Table Parameters related to the failure of resource_avail String Yes 50 | Resource availability
Material String Yes PipeMaterial 50 Material failure_record pipe emerg_resp_plan String lfes 50 Emergency response plan
FromNode String Yes 50 FromNode Allow P emerg_prep_train String Yes 50 Emergency prepardness training
Table Environmental attributes related to ToNode String Yes 50 B ToNode Field name Datatype nulls Default value Domain ision Scale Length network_red String Yes 50 § pipe networkredundancy
Other_Baseline_Environmental water main line XSsha pe String Yes Shape 50 XS shape OBRJECTID Object ID plan_other_agencies String Yes 50 Coordination plan with other agencies
Allow Prec- Dia Double Yes 0 0 Diameter StructID String Yes 50 g™RtructiD recowery_time_LOS String Yes 50 Recovery tiime to original LOS
Field name Datatype nulls Default value Domain ision Scale Length Dim String Yes 50 Dimensions sample_ID String Yes 50 ample_ID Condition_rating String Yes 50 Condition rating
OBJECTID Object ID Frominv Double  Yes 0 0 From Invert Eldlatib Failure_Date Date Yes 0 0 8 ailure Date energy_suppy String Yes 50 | Energysupply
Pipe_ID String Yes O T S— Tolnv Double Yes 0 0 To Invert Elevafior Fail_loc String Yes 50 ailure Location Disaster_proof String ES 50 J Disaster proof pipes improve resiiency
soil_resit Float Yes 0 0 Soil resistivity Datelnst Date Yes 0 0 8 Date Installed Fail_orientation String Yes 50 ailure Orientation Resource_avail String Yes 50 Availability of resources
soil_corros String Yes 50 Soil corrosivity Status String Yes Status 50 Status Relationship class Fail_type String Yes 50 ailure Type
Soil_dist String Yes 50 Soildisturbance Operator String Yes 50 Operator conduits_failure Breakage_history Shortinteger  Yes 0 reakage history
non_uniform_soil String Yes 50 Non uniform solil - - Source String Yes 50 Source — Oneto» many Ambient_temp Float Yes 0 0 mbient tem perature
soil_sulphides Float Yes 0 0 Soil sulphides MpY Relationship class street_no String Yes 50 street number Water_Temp Float Yes 0 0 Vater temperature
soil_sulfate Float Yes 0 0 Soil sulfate A5W| Conduit_Other_Parameters street_name String Yes 50 | street
soil_chloride Float Yes 0 0 Soilchloride One Oneto city String Yes 50 city Y Relationship class
soil_pH Short integer ~ Yes 0 SoilpH state String Yes 50 state _| Failure_Forensic
soil_drainage String Yes 50 Soil Drainage zip String Yes 50 zip code
redox_pot Float Yes 0 0 Red ox potential pipe_len Double Yes 0 0 pipe length (Lefi gthl betvlleen the nodes) — — Table Parameters related to the forensic
ground_table Float Yes 0 0 Ground water table pipe_loc String Yes 150 | pipe location Forensic analysis of the failed pipe
unstable_slope String Yes 50 Unstable slope des_strength String Yes 50 Design Strengtfif o fthe pibe Table Parameters related to the renewal Allow Prec-
tidal String Yes 50 Tidal influences SHAPE_Length Double Yes 0 0 renewal_record of the pipe Field name Datatype nulls Default value Domain ision Scale Length
stray String Yes 50 Stray currents Allow Prec- OBJECTID Object ID
dist_stray String Yes 50 Distance to stray currents Field name Datatype nulls Default value Domain ision Scale Length - Sample_ID String Yes 50 Sample_ID
dead_load String Yes 50 Dead load OBIECTID Object ID Sample_Date Date Yes 0 0 8 Sample_Date
live_load String Yes 50 Live load struct D String Yes 50 StructiD Team_leader String Yes 50 Team leader
ground_cover String Yes 50 Ground cover proj_name String Yes 50 project name sample_length Float Yes 0 0 sample length
prox_trees Float Yes 0 0 Proximity to trees En Relationship class proj_start_date Date Yes 0 0 8 project start date Coup_Dia Float Yes 0 0 Coupon diameter
Soil_type String Yes 50 Soiltype _| conduits_renewal consultant String Yes 50 consultant Nominal_Dia Float Yes 0 0 Nominal Diameter
Oneto many contractor String Yes 50 contractor Water_PH Float Yes 0 0 Water pH
consrt_insp String Yes 50 construction inspection Utitimate_Ten Float Yes 0 0 Utltimate tensilestress
tech_provider String Yes 50 technology provider young_mod Float Yes 0 0 Youngs modulus
prod String Yes 50 product used ini_tang Float Yes 0 0 initial tangent modulus
Table ) Operational and functional excat_req Shortinteger  Yes 0 excatavation required sec_mod Float Yes 0 0 secant modulus
new_operational parameters related to the main line no_int_pits Shortinteger  Yes 0 Number of intermediate pits ten_strength Float Yes 0 0 Tensile strength
Allow Prec- ren_len Float Yes 0 0 length of renewal performed Rup_mod Float Yes 0 0 Rupture modulus
Field name Datatype nulls Default value Domain ision Scale Length ﬂRelgﬁanhip class . = .| Simple feature class ~ Geometry Point ) ) o post_const Strirg Yes 50 post constru ction inspection Max_def Float Yes 0 0 Max deformation
OBJECTID Object ID onduit_Operational_Functional = | Nodes ng,ﬁ;?;:gg:ﬂ: xﬁ Nodes arg poing features in drinking QA_QC String Yes 50 0QA/QC tests performed soil_sample String Yes 50 soil sample
StructID String Yes 50 Emsw— One Oneto Allow Prec- water sygtem s ch as valves, pump service_con Shortinteger  Yes 0 Number of service connections reinstated soil_type String Yes 50 soil type
Blockage String Yes 50 Blockage Field name Datatype nulls Default value Domain ision Scale Len stations and hyfirants int_dia_ren String Yes 50 Internal diameter after renewal mosit_cont Float Yes 0 0 moisture content
Odors String Yes 50 Odors OBJECTID Object ID thick_ren Float Yes 0 0 Thickness of liner/coating/new pipe wall sulph_conc Float Yes 0 0 sulphide concentration
FOG String Yes 50 Fats, Oils, Grease SHAPE Geometry Yes new_pipe_mat String Yes 50 new pipe/ liner material Soil_res Float Yes 0 0 Soil resistivity
Wshed String Yes 50 Waters hed StructlD String Yes 50 (S — imp_issues String Yes 50 important issues Soil_redox Float Yes 0 0 Soilredox potential
TPD String Yes 50 Third Party Damage Type String Yes NodeType 50 Type renewal_tech_class String Yes 50 renewal technology class soil_pH Float Yes 0 0 SoilpH
O_and_M_Rating String Yes 50 Operational and Maintenance practices rating Material String Yes NodeMaterial 50 Material Relati onship class renewal_tech String Yes 50 renewal technology Exter_Dia Float Yes 0 0 Externaldiameter
WW_pH Double Yes 0 0 pH of wastewater TopElev Double Yes ) 0 TopElev | Conduit_Service_Events Excrust String Yes 50 Encrustation
WW._sulfate Double Yes 0 0 wastewater sulfate InvElev Double Yes 0 0 InvElev Oneto many Ext_coating String Yes 50 External coating present
WW_DO Double Yes 0 0 wastewater dissoved oxygen Depth Double Yes 0 0 Depth Ext_coat_status String Yes 50 External Coating Status
WW_temp Double Yes 0 0 wastewater temperature XSsha pe String Yes Shape 50 XS shape Int_lining String Yes 50 Internal lining present
velodity Float Yes 0 0 velocity Dia Double Yes 0 0 Diameter . . Tuber String Yes 50 | Tuberculation
H2S Float Yes 0 0 H2S Dim String Yes 50 Dimensio Table o Data may be obtai ned from _multl ple Max_Tuber Float Yes 0 0 Maximum tuberculation level
No_gas_pockets Float Yes 0 0 No_gas_pockets Datelnst Date Yes 0 0 8 Date Installed SourceCitations sources. Source entire data in stored Tuber_rem String Yes 50 Tuberculation removal
length_gas_pockets Float Yes 0 0 length_gas_pockets Status String Yes Status 50 [ status . Allow . Prec- in this table Pitting String Yes 50 | rpiting
FOS String Yes 50 FOS Operator String Yes 50 Operator Field name Data type nulls Defaultvalue Domain ision Scale Length Min_wall Float Yes 0 0 Minimum wall thickness
overflow String Yes 50 overflow T String Yes 50 Source OBJECTID Object 1D Max_wall Float Yes 0 0 Maximum wall thickness
remain_wall Float Yes remain_wall street_no String Yes 50 street nuniber . . e SourcelD String Yes 50 Source ID Graphitic_corr String Yes 50 Graphitic corrosion
flooding Float Yes 0 0 flooding street_name String Yes 50 street mpY Relationship class Title String Yes 150 § Title graphitic_corr_sta String Yes 50 grap hitic corrosion status
frost_pen String Yes 50 [ frost_pen ity String Yes 50 [ ity M| node_valve Author String Yes 50  Author Graphitic_Loc String Yes 50 | Graphitic corrosion location
win_salt String Yes 50 win_salt state String Yes 50 state Oneto One Descriptio String Yes 150 Description Remaing_clear Float Yes 0 0 Remaining clear bore
wet_dry_cyde String Yes 50 J wet dry_cycle zip String Yes 50 zip code Accuracy String Yes 50 f Accuracy Max_pit Float Yes 0 0 Maximum pit depth
flowdepth_dia Float Yes 0 0 flowdepth_dia condition String Yes 50 Nod e Condition SrcDate String Yes 50 J SourceDate Cast_defect String Yes 50 Casting defects
other_utility_fail String Yes 50 other_utility_fail Link String Yes 50 Link Max_ext_pit Float Yes 0 0 Maximum external pit depth
fail_ww_utility String Yes 50 fail_ww_utility Max_int_pit Float Yes 0 0 Maximum Intemal pit Depth
customer_complaint String Yes 50 customer_complaint
Tuber String Yes 50 Tuber Relationship class
oper_pressure Float Yes 0 0 oper_pressure M| Conduit_cost
Oneto One
m= Table _ Data related to pump stations Table Type a description of this feature
Pump_Stations pipe_cost class or tablein this placeholder
Allow Prec- text.
e Relationship class Field name Data type nulls Defaultvalue Domain ision Scale Length Feldlnane Data type Default value
] node_pump_sations OBJECTID Object D OBIECTID Object ID
Oneto One nodelD String Yes 50 nodelD — pipe_ID Float Yes 0 0 Identification number of pipe
Rated_pressure float Yes 0 Rated_pressure Fesibility_study Float Yes 0 0 Fesibility study cost
Rated_flow float Yes 0 Rated_flow Easements Float Yes 0 0 Easements
Inlet_Diameter float Yes 0 Inlet_Diameter Permits Float Yes 0 0 Permits
Discharge_Diamater float Yes 0 Discharge_Diamater Conceptual_design Float Yes 0 0 Con ceptual design cost
Pump_type String Yes 50 Pump_type Det_design Float Yes 0 0 Detailed design cost
Equip_cost Float Yes 0 0 Equipment cost
labor_cost Float Yes 0 0 labor cost
Mat_cost Float Yes 0 0 Material costs
Cm_cost Float Yes 0 0 Construction management cost
Other_emerg_cost Float Yes 0 0 Other emergency costs
renewal_cost Float Yes 0 0 renewal_cost
Table Temperature is a climate parameter Table Rainfall is a external parameter and Table Type a description of this feature Coded value domain
Temperature and can be extracted from external Rainfall can be extracted from external Annual_costs class or tablein this placeholder Lining Coded value domain Coded value domain
sources sources text. Description Status PipeType
Field type String Description Description
OBJECTID ObjectID OBJECTID ObjectID OBJECTID Object ID Mo boley Detat valie ool ooty Dot value Field type String
AccountingUnitiD String Yes 50 Accounting Unit ID AccountingUnitiD String Yes 50 Accounting Unit ID oper_cost Float Yes 0 0 Annual pipeline operation cost code Descrintion Merge policy Default value Mesrpglg gg:lg ge;au:t viue
AccountingUnitType String Yes 50 [ Accounting Unit Type AccountingUnitType String Yes 50 [ Accounting Unit Type maint_cost Float Yes 0 0 Annual maintenance cost = cured in place Sl N efault value —
January String Yes 50 J January January String Yes 50 [ Jan rep_rehab_cost Float Yes 0 0 Annual repair/rehab cost = e ————————— ABND Abandoned Ce DRSO “0”
February sting  Yes 50 [ February February Sting  Yes 50 | reb replac_cost Float Yes 0 0 Annual replacement cost T spiral wound INSRV in service o ; g“’;" Y
March String Yes 50 March March String Yes 50 Mar energy_cost Float Yes 0 0 energy cost = Segmented panel OUTSRV RaNeaEE — orce : m:(;n
April String Yes 50 April April String Yes 50 Apr Cond_assesment_cost Float Yes 0 0 Condition assessment cost sp segmented pipe CNT connected SV com flr
May String Yes 50 May May String Yes 50 May consumable Float Yes 0 0 consumable OTH ams PPD proposed TR riv;\;ecrorz:ined
June String Yes 50 June June String Yes 50 Jun electr_cost Float Yes 0 0 electrical energy costs UNK e — RMD removed P ) )
July String Yes 50 July July String Yes 50 Jul other_cost Float Yes 0 0 other costs OTH Other RVISAN private sanitory
August Sting  Yes 50 | August August Sting  Yes 50 [ Auw staffing Float Yes 0o o staffing UNK Uil PYVE ST
September String Yes 50 September September String Yes 50 Sep failed_equpment_cost Float Yes 0 0 Cost of failed equipment Shl Siphon
October String Yes 50 [ October October String Yes 50 | oa direct_response_failure Float Yes 0 0 direct cost of responding to failure Sl Ciiey
November String Yes 50 Novem ber November String Yes 50 Nov non_compliant_waste_cost Float Yes 0 0 disposal of non compliant waste Coded value domain Coded value domain SIS Snknown
December String Yes 50 J December December String Yes 50 J Dec health_safety_cost Float Yes 0 0 costassociated with heatth and safety Wire type SoilType
compensated_dam Float Yes 0 0 compensated damage Description Type of wire for Description
oper_impacts Float Yes 0 0 operation impact resultingin increased cost Field type PCCP Figld type String
cust_service Float Yes 0 0 customer service response cost Split policy String Split PO"_CY Default value
bus_inter_costs Float Yes 0 0 business interruption costs Merge policy Default value Merge policy Defadult value Coded value domain
regul_costs Float Yes 0 0 regulatory_costs Code Description BdLe iz i Shape
Cap_cost Float Yes 0 0 Annual capital cost | Wire Type | S Gy Description .
inst_cost Float Yes 0 0 New installation cost 1 Wire Type Il L Caviloan Field type String
. GL gravelly loam Split policy Default value
lab_costs Float Yes 0 0 Annual labor costs n Wire Type lll T e Merge policy Default value
Utility_revenue Float Yes 0 0 Annual revenue v Wire Type IV Lsb loamy sand Code Desc ription
Cap_imp Float Yes 0 0 Revenue spent for capital improvement \ Wire Type V v ma:wmde RCTANG rectangular
. correct_maint Float Yes 0 0 Corrective maintenance 5 CIR circular
Table Density of the manhole and Simple feature class ~ Geometry Polygon Soil polygons are collected thrOUgh prevent_maint Float Yes 0 0 preventive maintenance E ) pits OVA oval
SewerDensityAnalyses connections & Soils Contains M values No il ; ; RW riverwash
Contains Z values No soil surveys, that include attributes ) e OTH Other
about soil properties - SDL e URT QKN oWl
: Coded value domain = silt loam
OWECTID. e o OBJECTID ObjectID Table Type a description of this feature BaCk.ﬂ“ scL silty clay loam
Accounting UnitID String Yes 50 Accounting Unit ID SHAPE Geometry  Yes Sustainabilit | table in this ol hold De;cnptlon ) = r—
Accounting UnitType String Yes 50 AccountingUnit Type SoailD String Yes 50 j SoiliD y cassortablein this placehoider SFII?tldc%ge gtgfgilt value w water
ConnectionDensity String Yes 50 Connection Density Classification String Yes SoilType 50 | soiltype text. Mer'z;e EOI& Default value otH other
Manhole Density String es £ | | iEmiel DemEiE Corrosivity Sting  Yes 50 | corrosivity ; Code Description UNK unknown
. OBJECTID Object ID
Chrol-r'ide gg::g zzz :8 z:loride SS028 Longiinte gerd ves 0 EOLE g r::lillar Coded value domain i
ng energy_use Float Yes 0 0 energy_use 9 - External Coating Material
Sulfate String Yes 50 f sulfate - ; v Variable soils Description
Sulfide String Yes 50 Sulfide assetiplan String Yes =0 Asset_plan OTH other Fie|d’1ype String
. . . Energy_source String Yes 50 Energy_source " -
Simple feature class _ Geometry Polyline Contours are collected from open MOIStur.eqo.mmt Str!ng Yes S0 Mm_sll_)ré(‘,ontent NDES_compliance String Yes 50 NDES compliance DNk Lnknowry Coded ve_llue domain it poi_cy Default vaue
J'I' Contour Contains M values No Resistivity String Yes 50 Resistivity - Inspection Type Merge policy Default value
Contains Z values No source _databases and are populated Redox potental = Yes 5 o Redox patental wastewaterflow Float Yes 0 0 wastewaterflow Description — e
accordingly SHAPE_Length Double  Yes o o c Cs'l/'(zz/'—‘::"ch zt:z ::: :g anomeen Fiadype sung CE Concrete
ust_Edu_| i ust_Edu_reac plit policy Default value EP Epoxy
OBJECTID ObjectID Sl RaL I 0 2 flush_prog String Yes 50 J| flush_prog Merge policy Default value cMm Cement
SHAPE Geometry  Yes growth_margin Float Yes 0 0 growth_margin Code Description PT Painted
Elevation String Yes 50 0 Elevation Tol_rateincrease Float Yes 0 0 Tol_rateincrease Vi Visual Inspection PE Polyethylene
Units sting  Yes 50 § units Bond _rating String Yes 50 J Bond_rating cgeny Closed circuittelevision ME Metalized
SHAPE Length Double  Yes 0 0 u Lamping Inspection BA Bare
DT Dye Test AS Asphatt
ST Smoke Test MA Mastic
IT Inline Inspection tool ™ Tape
LD Leak detectiontoo PU PolyUrethane
OoT Other oT Other
UK Unknown
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