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Executive Summary
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The City of Stillwater owns and operates a 36-inch diameter steel pipeline that transports raw
water from Kaw Lake to the City’s water treatment plant, a distance of approximately 36 miles,
and then finished potable water from the treatment plant to the City and Oklahoma State
University (OSU) a further distance of approximately 7 miles.

C

The City has experienced 17 leaks to date in the pipeline and is concerned as to the condition of
the pipeline. Because the pipeline is the primary source of supply to the City of Stillwater, the
City has asked for a proposal to assess the condition of the pipe. This proposal presents Jason
Consultants’ technical approach to inspecting and assessing the structural integrity of the steel
pipeline, as well as an investigation as to what is causing the pipe to fail prematurely.

ce

Jason has assembled a team of engineers and sub-consultants, with technical expertise and
proprietary inspection technologies, to provide the City of Stillwater with a reliable and
definitive condition assessment of the steel pipeline. Joining Jason will be Pure Technologies,
EMTEK, DNV, Carollo Engineers and InfraMetrix. The role of each company and their
technologies and services is detailed in this proposal.
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The project will be managed in three phases. The first phase will include all project planning, the
cathodic protection assessment, pressure monitoring, hydraulic model and transient analysis,
SmartBall leak and gas pocket detection and a workshop with the City’s engineering staff to
review the results.
The second phase will include the Magnetic Flux Leakage in-line inspection, verification of
thickness results at six test pits using either ultrasonics or electromagnetic tools, and a workshop
with the City’s engineering staff.
The third and final phase will include development of rehabilitation options and design of
upgrades to the existing cathodic protection system.
Jason’s proposed approach to the condition assessment of the steel pipeline includes:
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Phase 1:

R

1. Pure’s proprietary SmartBall® leak detection tool to identify and locate any leaks and air
pockets on a pipeline. The SmartBall tool will be deployed in both the 36-mile long Kaw
Water Transmission Main and the 7-mile long Finished Water Supply Line to OSU.
Based on a review of the CCTV images associated with the earlier rupture in the line,
internal corrosion appears to be more prevalent where oxygen (air) is located in the
system. Pure will also furnish and install five (5) six-inch taps and 6-inch gate valves to
accommodate insertion and retrieval of the SmartBall. Pure will also furnish and install a
6-inch gate valve on the existing 6-inch flange outlet located near the Kaw Lake Pump
Station.
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2. A cathodic protection assessment by DNV for both the raw water line and the finished
water line.
3. Install a transient pressure monitoring device capable of recording transient events at 100
Hz (100 times a second). Any transient events, including water hammer, would be picked
up by the high frequency transducer.

4. A hydraulic surge analysis of the 36-mile long Kaw Water Transmission Main will be
conducted by Carollo Engineers and recommendations provided on ways to mitigate any
excessive transients found.

C

Phase 2:
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1. Prior to deploying the MFL tool in either pipeline, EMTEK will deploy a cleaning pig to
verify that there are no obstructions in the line, followed by a geometry tool to map the
cross section of the pipe interior and identify any radial distortion in the pipeline that may
be caused by excessive overburden and/or poor bedding and installation. The cleaning
pigs and geometry tool will be deployed in both the 36-mile long Kaw Water
Transmission Main and the 7-mile long Finished Water Supply Line to OSU. Repairs of
any inclusions found on the interior of the pipe may be required (by the City of
Stillwater) prior to the deployment of the MFL tool.
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2. EMTEK’s Extra High Resolution Magnetic Flux Leakage (XHR MFL) in-line inspection
(ILI) tool to identify and locate metal loss in the pipe wall caused by corrosion, pitting,
etc. The EMTEK tool is a proprietary system that offers the highest inspection resolution
available. The XHR MFL ILI tool will be deployed in both the 36-mile long Kaw Water
Transmission Main and in the 7-mile long Finished Water Supply Line to OSU.
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3. Perform test pit excavations at six (6) selected locations to visually inspect the pipe for
signs of external corrosion and perform pipe wall thickness measurements to verify the
MFL inspection results. Verification can be by either Broadband Electromagnetic tools or
ultrasonics. The latter requires removal of any external corrosion protection.

Phase 3:

R

1. Development of designs for upgrade of the cathodic protection system, if found deficient
during DNV’s inspection under phase 1.
2. Assembling all inspection and assessment findings in a draft report to be reviewed by the
City of Stillwater prior to a final report being issued and presented to the Stillwater City
Council. The draft and final report will include recommendations and offer rehabilitation
alternatives and recommendations.
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A more detailed description of each task is presented herein, as well as a pricing proposal
detailed by task. Jason is proposing to complete the comprehensive Scope of Services for a total
of $1,465,440. A preliminary schedule is included in Appendix 5. A final schedule will be
prepared as part of Jason Consultant’s site reconnaissance and project planning document.

C

Based on the requirements to thoroughly investigate and assess the condition of the pipe and the
cause(s) for the pipe wall corrosion and resulting leaks, Jason believes that a SmartBall
inspection combined with an MFL inspection offers the best engineering approach. However,
Stillwater has requested that these technologies be priced as stand alones so the individual
pricing has been modified to reflect this request. Prices are valid for work carried out in 2011 and
2012. Any work extended into 2013 at the City of Stillwater’s request will be subject to a 3%
increase.
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The combined costs (for MFL on both pipelines), plus anticipated indirect preparation and
support costs incurred by the City, represents less than 2% of the cost required to install a
replacement pipeline (estimated at $90 million). Jason believes that the City can recognize
significant savings by performing such a comprehensive and detailed inspection and assessment,
allowing the City to extend the useful life of the pipeline by identifying and cost effectively
addressing areas of concern.
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Background
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The City of Stillwater operates two (2) 36-inch diameter steel pipelines – a raw water
transmission main that transfers water approximately 36-miles from Kaw Lake to the water
treatment plant and a finished water pipeline that transfers finished water from the water
treatment plant 7-miles to Oklahoma State University. A number of 24-inch diameter laterals are
shown on the original design drawings, but it is not known which are active. There also appear to
be no in-line valves or surge protection on either pipeline. The finished water piping at the City’s
water treatment plant has been modified from that shown on the original drawings.
Unfortunately, no drawings exist which show those modifications.

C

Pump Operation

ce

The raw water is pumped from a pumping station at the base of the Kaw Lake dam. Originally
three pumps were installed but two larger pumps have been added in recent years to boost the
capacity. Normal operation is to have one, two or three of the smaller pumps in operation which
will deliver 5, 9 or 12 MGD to the treatment plant. The larger pumps are never operated in
tandem with the smaller pumps. One large pump delivers 15 MGD and with both in operation
capacity is boosted to 21 MGD. Stillwater has not had a need to operate the big pumps in over 2
years. The following table illustrates the flow rates in the 36-inch diameter steel pipe based on
given pump operations.
Flow Rate,
MGD
5
9
12
15
21

Flow Rate,
cfs
7.7
13.9
18.6
23.2
32.5
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No. Pumps
in Operation
1 Small
2 Small
3 Small
1 Large
2 Large

Velocity,
fps
1.2
2.0
2.6
3.3
4.6

R

ef

According to Scott Taylor, Superintendent of the Water Treatment Plant, the pump pressure
varies dependent on the number of pumps in operation. The following table illustrates the
estimated normal pump working pressures.
No. Pumps
1 Small
2 Small
3 Small
1 or 2 Large

Pressure
70 psig
90 psig
100 psig
200 psig at start up,
180 psig normal

Supt. Taylor commented that when one of the large pumps is kicked on the 20-inch aboveground
manifold portion of the steel pipe just downstream of the pump jumps out of its cradle support a
couple inches. This suggests the steel piping is experiencing some very significant transient
4
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pressures during pump start up. This should be monitored with a high speed pressure transducer
to quantify the magnitude of these surge pressures. Anthony Daniel, Director of Water Utilities,
has also expressed the need for a hydraulic transient analysis and evaluation on the Kaw Raw
Water Transmission Main.
Pipe Description

ce
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The 36-inch pipeline is made up of API 5L X60 0.312 inch thick steel pipe, imported from Italy
in 1981. The portions of the line that pass under the Arkansas River in two locations and then
under the O.G.& E reservoir are 0.500 inch thick steel pipe with transitions at each end. Those
pipes under the Arkansas River have a 4-inch thick concrete coating on the exterior. The pipe
under the O.G. & E. reservoir has a 2-inch thick concrete coating on the exterior. The pipeline
has now been in operation approximately 30 years. The pipe is internally and externally
protected with 3/32” coal tar enamel. The external surface is also tape wrapped. In addition, the
pipe is externally corrosion protected with an impressed current cathodic protection system
which is reported to be well maintained and in good operation. Pipe to soil potentials are
reported to be maintained at -0.85v. The last time potential readings were taken, however, was in
2007.
Operating Loads and Pipe Reaction
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The 1998 report by Willbros states that the pressure at Sta. 520+00, where 7 leaks have been
reported, is 185 psig. The pressure at the pumping station is monitored by a SCADA system
which shows transient pressures during changing pump operations. During a visit on March 11,
2011 a copy of the SCADA output for an 8 hour window on March 9, 2011 was provided. This
showed a pressure of 84.9 psig with some transients. The scale of measurement was 0 to 200
psig. It is conceivable that pressures well in excess of 200 psi occur during start-up of the large
pumps. Any peaks over 200 psi are not being recorded with the current instrumentation.

ef

There is no surge protection built into the pipeline. With no surge protection, the maximum
water hammer that could be generated in the pipeline for an instantaneous velocity start up or
stoppage equivalent to 4.6 fps is 199 psig. Per AWWA M11, the minimum thickness needed to
safely handle an operating pressure of 185 psi with surge of 199 psi is 0.152 inches, assuming a
yield strength of 60,000 psi for the steel.

R

The flow rate through the transmission main can be varied from 5 to 21 MGD. Normal operation
is said to be at 12 MGD, which translates to a flow velocity of 2.6 fps in the 36-inch main.
Typical flow rates in raw water transmission mains range from 1 to 10 fps, but with velocities
above 5 fps abrasion can start to become a significant factor particularly if there is solid matter in
the flow stream. At a flow velocity of 2.6 fps only slight to moderate abrasion would be
expected.
The typical burial depth for the 36-inch main is reported to be 4 to 5 feet. No profiles of the line
were made, except at the two river crossings and the reservoir crossing. However, during the
March 11th visit Supt. Taylor indicated that one section of the main dipped down under a creek
5
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and had a depth of 24 feet. This was in an area that developed a leak and was repaired. Assuming
installation in a moderately compacted granular backfill with a modulus of soil reaction (E’) of
700 psi, and HS-20 live loading, the average deflection in a 36-inch steel pipe with 0.312 inch
wall thickness and 5 feet of soil cover would be 2.94%. The maximum deflection could range
2% higher than the average, but with the 3/32” thick flexible coal tar enamel liner this should not
be a problem for the steel water main. Deflection in the steel pipe with 24 feet of soil cover
would be 5.38%. AWWA M11 recommends a maximum deflection of 5% for flexible lined and
coated steel pipe.

C

The allowable external buckling pressure for the 36-inch main embedded in a soil that exhibits a
modulus of soil reaction (E’) of 700 psi is 70.4 psi (FS 2). The normal vertical soil load and live
load is no more than 10 psi, and in the deep burial area 21 psi, so even with a full vacuum,
buckling resistance should not be a concern unless the pipe wall thickness is greatly reduced.
This will be analyzed as part of the proposed investigation and assessment.
Leak History
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Stillwater has experienced a number of leaks in the steel main since 1998. In 1998,
approximately 7 leaks were found in the pipeline near Sta. 520+00, which also is the highest
point in the pipeline and occurs just after the pipeline passes under the Arkansas River. No air
release valve was originally included at or near this location. A 10-inch tee outlet with a 6-inch
“air eliminator” was placed in one of the two new steel pipe sections used to replace the section
found severely corroded. During repair, the external surface of the pipe was reported to be in
“excellent, like new” condition. The corrosion that led to the leaks apparently originated from the
interior. Willbros Engineering prepared a study of the leak repair. A copy of their report was
received from Stillwater. The report includes some photos of the interior of the pipe which shows
loss of lining and both general and advanced pit corrosion. The lining had large blisters and
cracks. The leaks were all found to occur at the 12 o’clock position at this station. A CCTV
camera was sent 500 feet in each direction from this station with similar observations on the
lining condition. The video has been located by Stillwater and was presented to Jason
Consultants during a site visit on April 7, 2011. Jason Consultants has viewed the video footage
and found considerable evidence of internal corrosion and missing lining over extensive sections
of some pipes.
Another leak was later found about 15 miles downstream from Sta. 520+00. No exact stationing
was given. This leak was reported to be at the 7 o’clock position.

R

During the site visit on March 11th, Supt. Taylor provided a copy of an email that identified the
leaks and their general location. It is apparent leaks continue to develop in the raw water
pipeline. In addition, several leaks in the finished water side of the transmission main have been
reported. A total of 17 leaks have occurred to date. Most of the leaks have been repaired by
welding a steel patch over the leak, and in some cases also wrapping a carbon epoxy wrap over
the area. If not wrapped with carbon epoxy, the area was sprayed with an epoxy coating for
corrosion protection.
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While driving along Rt. 177 during the March 11th visit, there were a couple locations observed
to have puddled water in the general location of the pipeline. As it had not rained for a few days
it is suspected that these might also be the result of leaks. The proposed inspection will identify
all leaks in the main.
Supt. Taylor carries out a flow balance each month. Normally there is less than 1% difference
between the metered water leaving the Kaw Lake pump station and that received at the treatment
plant. In February the difference was 3%. The difference was reported to be down to 1% in later
months.

C

Stillwater has enough storage capacity at the treatment plant to take the transmission main out of
service for approximately 12 hours during the summer months, and 24 hours in the winter with
OSU back-up.

R
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There are no automatic air release valves on the main except the one installed at Sta. 520+00 in
1998 by Willbros during the first leak repair. All of the other “air vents” shown on the design
drawings require manual operation to bleed air from the line. This is not routinely done so
additional air pockets along the transmission main probably exist. Air pockets would be locations
where internal corrosion would be expected. These will be detected with the SmartBall
inspection proposed and their location and size (length) identified.

7

Introduction of Consultant, Sub-consultants and Technology Vendors
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Jason Consultants (Columbus, OH)

C

Jason Consultants has been asked to prepare a proposal for inspecting and assessing the
condition of the 36-inch Kaw Lake Water Transmission Main. A wholly owned subsidiary of
Pure Technologies Ltd, Jason Consultants was founded in 1979 by James C. Thomson, one of
the pioneers in the field of trenchless technology. Mr. Thomson was the author of Pipejacking
and Microtunneling in 1993. The firm has naturally expanded it areas of expertise over the years,
still maintaining its original heritage in trenchless technology, and is now active in pipeline
inspection and assessment, rehabilitation, trenchless installations, technical research, and
marketing/business studies. Since 2002 Jason has been repeatedly recognized as being among the
Top 50 Design firms in the trenchless industry by Trenchless Technology Magazine.

ce

Jason Consultants is one of the world’s leading consultants specializing in the underground
infrastructure, and more specifically in the inspection and assessment of pressurized pipelines
(including water mains).
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Jason Consultants worked with Battelle
Memorial Institute on the recently published US
EPA Task Order #62, Condition Assessment of
Ferrous Water Transmission and Distribution
Systems, State of Technology Review Report.
Jason Consultants’ James Thomson wrote the
White Paper published by the EPA for this
project. Jason also collaborated with Battelle on
another recently published research project, US
EPA Task Order #58, Rehabilitation of
Wastewater Collection and Water Distribution
Systems, State of Technology Review Report. Also, part of Task Order #58 is a complete review
of QA/QC practices in the rehabilitation field with an emphasis on the collection of actionable
field data. Copies of all these reports can be made available to Stillwater staff.
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Pure Technologies (Dallas, TX)

R

Pure Technologies Ltd. is a world leader in
technology development and supplier to the pipe
condition assessment and monitoring market. Pure Technologies’ products include the P-Wave®
electromagnetic technology for locating wire breaks in PCCP pipe, SmartBall® and Sahara® for
locating gas pockets and leaks in pressurized mains, SoundPrint® acoustic monitoring and
PipeDiver® remote field eddy current/transformed coupling pig. Pure became a leader in
robotics inspection technology with development of a CCTV, SONAR, laser profiling, and an
electromagnetic long range robotic platform. Since 1993, Pure Technologies has been a world
leader providing non-destructive testing, monitoring technologies, and engineering services to
better understand the performance of critical structures. Pure has performed inspections on over
3,000 miles of medium and large diameter pipe for more than 100 utilities worldwide.
8
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Excavations of pipe sections identified as problematic through Pure Technologies inspection
methodologies have validated their approach to assessing pipeline infrastructure. Several of Pure
Technologies’ clients credit Pure’s approach and technologies with providing the information
they needed to avoid catastrophic failure of their critical wastewater/water transmission mains
and permit proactive management of important mains.

C

Pure has also recently released two new pipe wall condition assessment technologies for Beta
trials. The Pipe Wall Assessment (PWA) technology is based on acoustics and is presented in
more detail in Appendix 2 of this proposal. PipeDiver, a free-swimming delivery platform was
originally developed for locating wire breaks in PCCP, has been modified to also inspect ferrous
pipes using remote eddy current technology. Both PWA and PipeDiver RFEC are ongoing
research development products and as such have not been included in this proposal.
Electromechanical Technologies (EMTEK) (Salt Lake City, UT)
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Formed in 1986-87, EMTEK began building
ultrasonic in-line pipeline inspection (ILI) tools
for inspecting hazardous liquid and natural gas pipelines. By 1988 it had added High Resolution
Magnetic Flux Leakage (MFL) inspection and it has contributed innovations to the field dating
back to that time.
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With the more stringent rules and regulations enacted by the DOT in 2002 relating to the safe
operation of pipelines, EMTEK took the opportunity to introduce new capabilities consistent
with this challenge through the design of a completely new Extra High Resolution MFL ILI tool.
EMTEK has now completed the design of a modular family of ILI tools, has built tools to
inspect 8-inch, 12-inch and 24-inch diameter pipeline, and has a 10-inch tool nearing completion
and other tools on the way. Additional information on the XHR MFL ILI tool is presented in
Appendix 2.

R
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EMTEK has been a pioneer in the technological advancement of ILI tools. In its MFL tools, it
introduced the use of Hall effect sensors, solid state memory and multi-axis sensors. More
recently, it has implemented Extra High Resolution (XHR) principles and data analysis. It
samples the magnetic leakage field from two to four times as frequently as most other tools. It
has strengthened the definition of XHR data to include data reduction parameters consistent with
this higher accuracy in field mapping. It has introduced new proprietary technology that provides
three dimensional data analysis without the use of multi-axis sensors. It leads the field of ILI
technology development with five patents pending and two more to be introduced soon.
For the future, EMTEK has unique and proprietary concepts for electromagnetic acoustic guided
wave propagation applications to ILI inspection. It has two additional patents pending in this
EMAT field. In addition to its work in the petroleum industry, EMTEK produces specialized
equipment for the inspection of water and wastewater pipelines. These specialized inspection
tools are the largest diameter MFL tools in the world.
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DNV (Columbus, OH and Houston, TX)

op
y

Assisting Jason Consultants on this project will be the corrosion engineers DNV
Columbus (Det Norske Veritas). Since its inception in 1985 DNV (formerly CC
Technologies) has been a leader in the corrosion engineering field. DNV offers a full
range of corrosion management services, including assessment, monitoring, modeling
and mitigation:

Assessment. The first step in managing a system's integrity is the identification of
potential threats. DNV has expertise in evaluating various threats, including internal
corrosion, external corrosion and stress corrosion cracking (SCC). DNV played leading
roles in the development of direct assessment (DA) and provides renowned expertise in
all areas of DA (internal, external and SCC). DNV also has American Petroleum Institute
(API) certified inspectors and has developed procedures and software to conduct
inspections, assess the integrity and confirm fitness-for-service of facilities based on API
Code 570 and Recommended Practices 574 and 579.



Monitoring. Monitoring corrosion rates directly or through related parameters allows for
the implementation of appropriate corrosion control measures, resulting in system or
component life extension. DNV has the expertise to assist with monitoring needs related
to both internal and external environments, including cathodic protection (CP)
effectiveness, coating damage, microbiologically influenced corrosion and chemical
treatment effectiveness.
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C



Mitigation. DNV provides expertise in all corrosion mitigation techniques including CP,
coatings, material selection and chemical treatments. Not only can DNV design extensive
corrosion mitigation plans, but its research scientists can run tests on these systems,
simulating the environment of structure in a state-of-the-art laboratory or utilizing
advanced modeling methods.



Modeling. DNV’s professional staff utilizes state-of-the-art tools to assist in the
assessment of conditions affecting the corrosion and corrosion control on structures.
These tools include advanced computer modeling of corrosion and CP systems for
analyzing things such as current density, surface potentials, potentials in surrounding
electrolyte, and electric/magnetic fields. This allows prediction of the performance of
impressed current and sacrificial CP systems and the review of multiple design scenarios
in a relatively short time. DNV can also design for optimized anode placement and
current distribution, and determine current requirements for adequate protection.

R
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InfraMetrix, LLC (Tampa, FL and Birmingham, AL)
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InfraMetrix specializes in the assessment of sanitary/storm water
collection and water distribution systems. They provide these
services to public and private utilities to document and support
short and long-term investment decisions for the maintenance, management, and rehabilitation of
water and sewer networks.
InfraMetrix’s data collection services and tools make the best use of time and money for
developing comprehensive buried infrastructure inventories and operational, structural, and
hydraulic condition assessments of underground infrastructure.

C

InfraMetrix helps its clients make informed decisions leading to improved infrastructure
performance.
InfraMetrix’s sewer and water system experience includes:
manhole inspections



gravity pipeline inspections



sewer system evaluation survey (SSES) services



assessment of inspection videos



Broadband Electromagnetic inspection (internal and external)



GPS surveys



GIS data/mapping
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InfraMetrix utilizes data collection and analysis tools and project-proven procedures and
processes that produce high quality data and pertinent information that support short, medium,
and long-term investment decisions for the maintenance, management and
rehabilitation/replacement of water and sewer networks.
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InfraMetrix is the US licensee of the Rock Solid Group’s Broadband Electromagnetic
technology. Rock Solid is based in Australia and processes the raw data gathered by InfraMetrix
using Rock Solid’s proprietary equipment.

R

As an alternative to using the BEM to measure remaining wall thickness at the six test pits, the
external corrosion protection can be removed from the pipe and ultrasonic thickness
measurements made. These measurements can be made by Jason Consultants using our own
equipment, using a similar grid approach as used for the BEM hand scanning tools. However,
restoration of the corrosion protection would be necessary after completion of the measurements.
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Carollo Engineers
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Carollo Engineers is an environmental engineering firm
specializing in the planning, design, and construction of water
and wastewater facilities and infrastructure. Carollo’s reputation is based upon client service, a
continual commitment to quality, and technical leadership.

During their 77-year history, Carollo has successfully completed more than 20,000 projects for
public sector clients. Carollo is currently ranked within Engineering News Record’s top 100
design firms. More importantly, ENR’s annual Source Book ranks Carollo among the top firms
for water and wastewater treatment plant design.
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Carollo’s staff numbers 700 employees, including over 340 registered engineers. They are a fullservice water and wastewater engineering company with the experience and qualified
professionals to successfully manage projects of any size. Carollo staff includes civil, sanitary,
electrical, environmental, mechanical, chemical, structural, instrumentation, and corrosion
control engineers, as well as architects, planners and specialists in other areas. These individuals
perform work solely on water and wastewater related facilities.
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Carollo has planned, designed, and/or assisted in the construction of more than 200 water pump
stations and more than 500 wastewater pump stations. Their pump station designs range in size
from 1 mgd to 650 mgd and with individual horsepower capacities of up to 2,500. These
facilities have included various types of pump configurations including wet pit (propeller, mixed
flow, and turbine type), dry pit; submersible, self cleaning, vertical, horizontal, solids handling,
and screw pumps. Pump drives include constant-speed and multi-speed electric motors and
various types of variable-speed drives, including variable frequency drives (VFDs); gas, diesel,
and dual-fuel engines; gear drives; and V-belt drives.
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Many of these projects have involved special considerations for minimizing community and
environmental impacts such as special architectural treatments and odor and noise control
measures.
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Key Organization Personnel
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Robert S. Morrison, PE, Vice President of Jason Consultants and Chief Engineer for Pure
Engineering Services, will serve as the Project Director. Mr. Morrison holds a BA in Applied
Science and BSCE (Structural) from Lehigh University and a MSCE (Geotechnical) from
Newark College of Engineering. With over 40 years experience in the pipe industry, including
manufacturing, development, design and installation, Mr. Morrison is responsible for Jason
Consultants’ pipeline inspection, condition assessment and pressure pipe rehabilitation services.
Mr. Morrison is an expert on pipe-soil interaction and the design of both flexible and rigid pipes.
He is one of the principal authors of the ASCE Manual of Practice on “Pipeline Installation,
Inspection and Acceptance Testing”, and is a co-instructor for AWWA’s seminar on “Water
Distribution System Condition Assessment and Rehabilitation”. Mr. Morrison has been
extensively involved in the investigation and evaluation of innovative new pipeline inspection
technologies and rehabilitation methods, including co-principal investigator for the Water
Environment Research Foundation (WERF) project Innovative Inspection Technologies for
Wastewater Systems, published in March 2005, and the current WERF project Guidelines for the
Inspection of Sewer Force Mains.
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Norman E. (Ed) Kampbell, P.E. is a key member of Jason Consultants’ pipeline rehabilitation
team and will serve as the Project Manager. Having an educational background in civil engineering,
and over 31 years of experience as a municipal engineer, rehabilitation contractor and consulting
engineer, Ed Kampbell is highly experienced in wastewater and water pipe construction and
rehabilitation. Ed has held senior positions with a number of U.S. based pipeline rehabilitation
contractors. Mr. Kampbell will be a licensed Professional Engineer in the State of Oklahoma.
Philip M. Hoyt, P.E., Ph.D. a Principal of EMTEK, holds a BSCE and MSCE from the
University of Wyoming, and a Ph.D. in Civil Engineering, Structural Mechanics from Stanford
University. He has served as an Assistant Professor of Civil Engineering at both Stanford
University and the University of Wyoming in the areas of Statics, Dynamics, Mechanics of
Materials, Structural Analysis, Structural Steel Design, Reinforced Concrete Structures,
Structural Dynamics, Theory of Structures, Theory of Plates and Shells, Experimental Stress
Analysis, and Geotechnical Engineering. He is a pioneer in the areas of ultrasonic and magnetic
inspection of long distance pipeline.

R

ef

Barry E. Krebs is a Senior Project Manager with DNV Columbus, Inc. in Dublin, Ohio and has
over twenty-seven years of experience in the corrosion testing and evaluation of buried or
submerged metallic structures. Mr. Krebs will be the Project Task Manager for the corrosion
investigation. He is responsible for the preparation of proposals, designs, audits, material
selection, economic evaluations, failure investigations, and troubleshooting for various corrosion
and corrosion control related projects. These projects involve inspections, assessments, project
management, coatings, cathodic protection, high voltage alternating current corrosion and
mitigation methods.
Aliza Caraballo, P.E. of Pure Technologies has over 10 years experience as a Civil Engineer in
the Water and Wastewater systems design and construction field. Ms. Caraballo has been with
Pure for 5 years and has been Project Manager on a number of SmartBall and EM pipe
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inspections in the Texas and Florida areas. Ms. Caraballo will be Pure’s Project Manager
responsible for the leak detection and MFL runs.
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Thomas Crowley, P.E. of Carollo Engineers is an environmental engineer with expertise in the
design and planning of water pipelines and pumping stations, water and wastewater treatment
facilities, chemical feed systems, facility engineering, compliance reporting, hydraulic and surge
transient analysis for industrial and municipal facilities. Mr. Crowley is a Professional Engineer
in Oklahoma.
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Richard A. Humpherys, P.E. has over 23 years of experience dedicated to planning, modeling,
and improvement/optimization studies for water distribution systems. He is Carollo’s group
leader for hydraulic modeling and infrastructure master planning. He has authored or coauthored numerous papers and presentations on water distribution system and hydraulic transient
modeling. Mr. Humpherys’ has a MS Civil Engineering, Hydraulics, Utah State University.
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Project Experience

54-inch Truckee Meadow River Transfer Main for
Truckee Meadow Water Authority, Reno, NV. TMWA
was concerned with the structural stability of a 50 year old
steel water main that is used to transfer water between
canals, siphoning under the Truckee River. The 428 foot
long transfer pipe provides the City of Reno with the
majority of its drinking water and is therefore a critical
line. Jason Consultants carried out a visual inspection of
the interior of the bitumen lined pipe, took deflection
measurements (vertical and horizontal) every 5 feet,
measured the radius of curvature around the circumference
every 10 feet, and using Broadband Electromagnetic
technology coupled with ultrasonic thickness spot checks
measured the remaining wall thickness of the main over 5
feet centered in each 30 ft. section length. A structural
assessment was made of the line considering flood
conditions of the Truckee River during the spring runoff.
With the exception of the 40 feet directly under the Truckee River, the pipeline was
found to be in adequate condition. Recommendations were made, complete with designs
and costs, for the installation of a CIPP liner that would safely extend the life of the main
another 25 years.
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Jason Consultants is well experienced with the inspection and assessment of a wide variety of
pipeline materials, including steel pipe. Jason Consultants has been involved in the inspection
and assessment of numerous pipelines, including the following steel pipelines:

109-inch National Water Carrier for Mekorot (Israel National Water Company). This
pipeline provides water for 80% of Israel, including Tel Aviv and Jerusalem. During an
annual two week maintenance shut down it was observed that the interior cement mortar
lining was cracking and falling away from the pipe surface in large chunks. Mr. Morrison
visited Israel during the next annual shut down and carried out a visual inspection and
assessment of the mortar damage and underlying corrosion to the steel pipe. This also
included a review of the operation and maintenance of the impressed current cathodic
protection system. Recommendations were made for further inspections which are still
under consideration by Mekorot pending funding.
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42-inch McCarthy Blvd. Pumping Station Force
Main for Regina, Saskatchewan, Canada. Regina
experienced a failure in the 58 year old steel force main.
Jason Consultants was retained as a sub-consultant to a
local firm to assist in the investigation of the condition
of the force main and to develop recommendations for
rehabilitation options dependent on the found condition.
A visual inspection of portions of the steel force main,
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coupled with ultrasonic thickness and pit depth measurements, found that the initial third
of the 5 km long main had experienced some severe erosion and corrosion of the pipe
wall. A structural assessment, based on ASME B31G (RSTRENG), showed the pipe
could not be operated safely without renewal or replacement of the front third.
Rehabilitation options including CIPP, close fit PE liners, sliplining and replacement
were designed and costs developed.
In addition, Jason Consultants, in conjunction with Pure Technologies, is currently working on
the following pipeline in Ecuador where steel pipe is also involved:

Interagua LTDA -- Guayaquil, Ecuador Finished Water Transmission Mains
consists of the inspection and evaluation of the three water transmission pipelines that
currently deliver the entire potable water supply to Guayaquil, Ecuador; Ecuador's largest
city. Specifically the work under contract consists of the electromagnetic inspection (Pipe
Diver) and analysis of 23.46-km (14.7-miles) of 1050mm diameter pre-tensioned
concrete pipe, leak detection and analysis of 60.63-km (37.9-miles) of 1050mm,
1250mm, and 1800mm by insertion of an acoustic surveying tool (SmartBall), and the
detailed engineering condition assessment of the last 5.84-km of the 1250mm steel
pipeline by the use of panoramic digital CCTV inspection, Broadband Electro Magnetic
scanning of the pipe wall, and man-entry inspection. The project is expected to last
approximately six months and is scheduled to be completed in early August of 2011. In
addition to the engineering assessment of the 1250mm diameter steel pipeline, Jason
Consultants will also be providing rehabilitation recommendations on all of the pipelines
based upon the electromagnetic and leak detection surveys that are being carried out. In
all, Interagua will receive a plan for the implementation of needed current and future
repairs to the three pipelines prioritized on their relative failure risk. This plan will allow
them to schedule the costs of these repairs and/or rehabilitations over a longer and more
practical timeframe.
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Condition Assessment Approach and Inspection Methodologies

Base Scope of Services: Kaw Water Transmission Main
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Jason proposes to address the assessment of the 36-mile Kaw Raw Water Transmission Main and
the 7-mile Finished Water Line in a three (3) phased approach using the following inspection
methodologies:

ce

C

1. Pure’s proprietary SmartBall® leak detection tool will be used to identify and locate
any leaks and air pockets on the pipelines. As part of the base scope of services, the
SmartBall tool will be deployed in both the 36-mile long Kaw Water Transmission
Main and the 7-mile long Finished Water Supply Line to OSU. In addition to
locating leaks, the SmartBall will also identify areas where air pockets exist and
internal corrosion is expected. Pure’s scope will also include providing five (5) 6-inch
taps with full port valves to accommodate insertion and retrieval of the SmartBall.
Pure will also furnish a 6-inch valve to be installed at the existing 6-inch pump outlet
to be used for insertion of the SmartBall at the Kaw Lake Pump Station. Stillwater
will be responsible for access to the pipeline for the hot taps.
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2. Following the deployment of a cleaning pig to verify that there are no obstructions in
each pipeline, EMTEK’s geometry tool will be deployed in both the 36-mile long
Kaw Raw Water Transmission Main and the 7-mile long Finished Water Supply
Line. The purpose of using the geometry tool is to map the cross section of the pipe
interior and identify any radial distortion of the pipeline that may be caused by
excessive overburden and/or poor bedding and installation. The information will also
be used to properly design and size the MFL tool.
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3. EMTEK’s Extra High Resolution Magnetic Flux Leakage (XHR MFL) In-Line
Inspection (ILI) tool will be deployed through both the 36-mile Kaw Raw Water
Transmission Main and the 7-mile Finished Water Line to identify and locate metal
loss in the pipe wall caused by corrosion, pitting, etc. The EMTEK tool is a
proprietary system that offers the highest inspection resolution available. The
EMTEK tool can identify up to 90% wall loss in the metallic pipe. In the event that
the MFL tool should become stuck in the pipeline, the City of Stillwater will be
responsible for depressurizing the line, excavation to the steel line, dewatering and
opening the pipe for retrieval of the tool. Any damage to the tool, unless due to the
negligence of the City, will be the responsibility of Pure Technologies to remedy.
4. Perform visual inspection of the pipe exterior and pipe wall thickness measurements

to verify the XHR MFL and SmartBall inspection results at six (6) pre-selected test
pit excavations. Excavation and preparation of the test pit to be carried out by the City
of Stillwater.
5. A cathodic protection assessment by DNV on both the raw water and finished water

pipelines.
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6. Install a transient pressure monitoring device capable of recording transient events at
100 Hz (100 times a second). Pressure monitoring data will be collected for a 3 month
period. The monitor will become the property of the City after the monitoring period.
7. Carollo Engineers to develop a hydraulic model of the 36-mile long raw water line,
pumps, valves and storage. The model would be used to simulate pump shutdown,
pump start-up, power failure and pump tripping to determine the nature of water
hammer events in the Kaw Raw Water Transmission Main. In addition to providing a
summary of findings, Carollo Engineers will also include recommendations on the
operations and possible equipment (to include number, location, size and type of
air/vacuum valves) additions that would mitigate any excessive transients.

C

8. Jason to assemble all inspection and assessment findings in a draft report to be
reviewed by the City of Stillwater prior to a final report being issued and presented to
the Stillwater City Council. The draft and final report will include recommendations
and offer rehabilitation alternatives and recommendations.
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Before any in-line tools can be deployed in the Finished Water Line the City of Stillwater will
have to make some modifications to the piping layout located at the Stillwater water treatment
plant (WTP) and at the 36-inch blind tee just upstream of the OSU water treatment plant. The
necessary modifications are included in preliminary sketches presented in Appendix 6 and are
discussed later in the proposal. Final design and drawings for the required modifications will be
developed following Stillwater’s confirmation of the existing piping layout, Jason’s site
reconnaissance and preparation of the project planning document. OSU has granted Stillwater
permission to dump water from the end of the finished water line into an adjacent manhole
(approx. 100 feet away) that is part of the University’s gravity sewer system.
The proposed tasks are described in greater detail below. The order in which each task is
presented does not necessarily reflect the order in which the task may be accomplished, as some
tasks may be performed concurrently. A preliminary schedule identifying the duration of each
task is presented in Appendix 5. Final scheduling will be presented as part of a detailed Project
Planning Document.
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Wall Thickness Inspection

Magnetic Flux Leakage from EMTEK

R

For both the Kaw Lake Raw Water Transmission Main and the Finished Water Line, we propose
to use EMTEK’s Extra High Resolution (XHR) Magnetic Flux Leakage (MFL) In-Line
Inspection (ILI) tool. EMTEK provides reliable, state-of-the-art In-Line Inspection tools (ILI) for
the pipeline industry. With years of experience, these tools are built to endure the rugged
pipeline environment, and to provide the highest quality data available.
The MFL tool is designed to handle reduced bore size. We have been told by Supt. Taylor that
there are portions of the Kaw raw water line that may have significant vertical and horizontal
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deflection as a result of burial depth. Therefore, the first step in the MFL inspection of the 36inch steel main will be to deploy a cleaning pig to assure there are no obstructions in the pipeline
followed by running a geometry tool, designed by EMTEK, through the finished water pipeline
which will map the inner profile of the pipe. Not only will this provide information to EMTEK
on sizing and design of the 36-inch tool, it will also provide valuable information on the amount
of radial distortion that has been experienced in the pipeline. The pipe’s inherent resistance to
buckling is dependent on the pipe’s radius of curvature and wall thickness, as expressed by ring
stiffness (EI/R3). For a given wall thickness, the larger the radius of curvature the lower the
pipe’s ring stiffness and hence it’s resistance to buckling is reduced. In addition to checking the
effect of a reduced wall on the pipe’s resistance to internal pressure, it should also be checked for
its impact on buckling resistance with increased radius since this pipe may be subjected to
negative (vacuum) pressures in combination with some deep burials.
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The City of Stillwater will be responsible for repairing any pipeline inclusions that would
prevent the MFL tool from traversing either pipeline. It is also recognized that the geometry
tool may identify a significant number of inclusions that would prevent the MFL tool from
being deployed and the cost associated with repairing such a significant quantity of inclusions
be deemed inappropriate to the City. As such, the City has the right to modify the scope of
work and fee under terms that are mutually agreed upon or cancel the MFL inspection in
accordance with the cancellation charges described herein.
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The unique design of the EMTEK tool combines the best
technology into a compact, light-weight design. Each tool is
equipped with:
Extra High Resolution (XHR) MFL capabilities (1/4-inch
resolution circumferentially; 0.02-inches longitudinally)
o

Better magnets and better sensors (Hall Effect
sensors)

o

Tighter sensor spacing for maximum resolution

o

Uniform sensor spacing on the entire circumference (0.26” uniform
circumferential spacing)

ef



o

R



Higher sample rates for best quality data (each sensor read as frequently as 1403
times per second, or every 0.02 inches for a flow rate of 2 fps)

Near-field sensors that can discriminate between Internal and External defects in un-lined
pipe. Interior cement linings that are ½-inch or more in thickness may affect the ability of
a secondary sensor (used for ID/OD delineation) to penetrate through to the steel pipe
wall, thereby making it more difficult to interpret whether identified wall loss is
occurring on the outside or the inside of the pipe wall. At this time, it is not known
whether the relatively thin enamel coating on the Kaw Water Line will affect the ability
of the secondary sensors to delineate between ID and OD corrosion. When the tool is
complete, testing will be performed to determine the maximum lining thickness though
which discrimination can be made.
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6-axis Strap Down Inertial Sensor Integration for quality map and geographic location
generation



Extra High Resolution geometry sensors for detecting dents, bulges, wrinkles, buckles,
and other geometric anomalies
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Based on our review of the pipeline drawings, it appears that the MFL tool can be inserted via an
existing 42-inch diameter launch tube at the Kaw Lake Pump Station and retrieved at the WTP
via a similar receiving tube. The MFL tool can be inserted by removing the 42-inch blind flange
on the backside of the 42-inch x 36-inch tee at the pump station after isolation. Likewise, capture
of the tool can be accomplished just downstream of the 42-inch x 36-inch reducer at the WTP.
However, modifications will be required on the finished water side of the Kaw line. The weight
of the MFL tool is approximately 1,300 lbs. and the geometry tool 600 lbs.

ce

The MFL tool has a run time of 50 hours, which would require a minimum flow rate of about 1.1
fps for the tool to survey the entire 36-mile length. Allowing for a factor of safety, EMTEK will
require a minimum flow rate of 1.5 fps for the duration of the run. The tool can operate with a
maximum pressure of 2000 psi and can accommodate minimum bend radius of 1.5 times the
diameter. The record drawings indicate that all bends on the 36-inch steel transmission main are
long radius, or 3 times the diameter.
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For pit corrosion, the minimum identifiable defect depth that can be detected and quantified is
0.1t, or 0.03 inches for a 0.312 inch wall pipe. The length accuracy is ± 0.5inches and the width
accuracy ± 1.0 inches. The depth accuracy is ± 10% of the wall thickness, which is 0.03 inches.
Likewise, for broad corrosion the resolution is the same except the length accuracy is ± 1.0
inches and the width accuracy ± 2.0 inches.
Defects are located with an accuracy of ± 1% of the axial distance from the nearest recognizable
pipeline feature, or ± 3 inches when referenced to a girth weld on the same pipe joint. Radial
location accuracy is ± 10 degrees of arc.

ef

The ILI tool is located along the pipeline using several techniques. There are three (3) odometers
built into the tool for speed integration, 6-axis strap down inertial sensor integration, GPS surface
markers with pig passing indications, and pipeline feature recognition.

R

The following figures illustrate the type of data that is generated with the EMTEK MFL.
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Insertion & Retrieval in the Kaw Raw Water Transmission Main

Insertion & Retrieval in the Finished Water Line
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The EMTEK MFL tool requires full diameter launch and retrieval facilities. Based on a review
of the record drawings and a site visit, it appears that the EMTEK MFL tool can be inserted via
the existing launch tube at the Kaw Lake pump station and captured at the receiving tube prior to
the WTP’s storage tank. Detailed procedures and launch/retrieval configurations will be included
as part of the project planning document.
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Jason Consultants has been advised by Supt. Taylor that the piping layout for the finished water
line (downstream of the storage tank) has been modified from that shown on the drawings earlier
provided Jason Consultants. Unfortunately, there does not appear to be any revised drawings
which show the changes made to the 36-inch finished water main after it leaves the Stillwater
WTP. Supt. Taylor has conferred with several employees who were present at the time of the
changes, but details are still sketchy at best. It is believed that a short section (approx. 10 feet) of
the 36-inch pipe was removed just downstream of where the tank outlet line and by-pass line
converged to feed the 36-inch main. Now, a 24-inch DI main (low level line) exits the WTP and
connects to the 36-inch main downstream of the removed section. The exact location of this
connection and its details are not known. It is also not known how the upstream section of the
36-inch main was blinded. Supt. Taylor indicated the City’s crew will locate the connection by
excavating the 36-inch pipe and the connection so a determination can be made as to what
further modifications may be needed to launch the cleaning pig, geometry/MFL tool and
SmartBall from the Stillwater WTP.

ef

Depending on Supt. Taylor’s findings, one possibility would be to cut into the 36-inch steel pipe
just upstream of the 24-inch tee connection and weld a 36-inch stub flange to this upstream leg.
A blind flange could be installed to seal off the leg. Then for deployment of the geometry or
MFL tool, the blind would be removed, the tool inserted and pushed forward pass the 24-inch
inlet. A flanged 42”x36” reducer would temporarily be bolted to the upstream connection to
compress the MFL tool for insertion into the 36-inch main. After removal of the reducer and
return of the blind, the line could be placed back in service. While these modifications are being
made, a 6-inch flange outlet would also be added just downstream of the 36-inch x 24-inch tee
connection. This would be used for launching the SmartBall. A sketch of the proposed layout is
included in Appendix 6.
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At the other end of the finished water line, before entering the OSU facility, several
modifications will be required to capture the geometry and MFL tool. As shown in another
sketch in Appendix 6, the existing configuration consists of a 36-inch tee with a blind flange.
The leg of the tee runs to the OSU facility where it reduces to 24-inch. There are several
possible options for modifying this end of the finished water line, depending on the difficulty in
dewatering the main.
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During a recent visit to Stillwater, Jason Consultants learned that a 36-inch BF valve has been
installed in the 36-inch line that runs into the OSU treatment plant. The valve appears to be just
inside the OSU fence line which would place the valve just before the reducer to 24-inch.
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If dewatering of the 36-inch main is not problematic, then this can be limited to only one time
with the following modifications. For capture of the MFL tool, a full opening 36-inch gate valve
will need to be placed on the straight run of the 36-inch tee followed by a 36-inch steel spool
piece equipped and a 36-inch blind flange. The spool piece needs to be a minimum of 70 inches
in length. A 12-inch outlet with valve needs to be added to the end of the spool piece to provide
flow momentum to allow the MFL pig to enter the spool piece before closing the 36-inch gate
valve. The 12-inch outlet can either be temporality connected to a flexible PE pipe and run to a
nearby gravity sewer manhole for discharge, or a 12-inch line run over to the 24-inch pipe
feeding the OSU plant after the 36-inch BF valve and reducer. The 36-inch BF on OSU property
will be closed when the MFL pig is close to the 36-inch tee. Once the tool is captured in the
spool piece, the 36-inch gate valve will be closed, the 36-inch BF valve opened and the 12-inch
gate valve closed. The 36-inch blind can be removed and the tool removed after dewatering the
spool section.
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For these modifications to be made, the 24-inch DI main at the Stillwater WTP will have to be
closed. Approximately 2,500 feet of 36-inch pipe will have to be drained into the OSU plant
before the 36-inch blind can be removed and modifications made. If this proves difficult, then a
line stop could be installed just upstream of the 36-inch tee that feeds OSU. The price for the line
stop has not been factored into any of the costing.
Pure Technologies’ Project Manager will visit the site after the modifications are made to verify
that the tools associated with Emtek’s MFL in-line pig can be deployed. Detailed procedures and
launch/retrieval configurations will be included as part of the project planning document.
Leak Detection and Identification of Air Pockets

ef

It is understood that the pipeline cannot be shut down for extended periods of time. Any
inspection activity will have to be done on a live line, and/or one full of water. One of the
inspection tasks will be to locate any existing leaks and/or air pockets in the main. Locations
with leaks would obviously be areas suspected of experiencing internal corrosion. Jason is
proposing to use Pure’s SmartBall® free-swimming leak detection technology to identify and
locate both leaks and air pockets in the line. An overview of the SmartBall technology is
presented below and in more detail in Appendix 2.
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Air pockets present formidable obstacles to pumping fluids, as they reduce cross-sectional area
and can greatly increase resistance to flow. Air accumulation that increases head pressure will
force pumps to work harder and thus draw more electrical energy (at more cost) to overcome the
restrictions.
The air pockets may also be creating an environment conducive to the development of
microbiological induced corrosion (MIC) that may be causing the leaks. A review of the CCTV
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images taken approximately 10 years ago when the pipe at station 520+00 was repaired suggest
that air entrapment is a potential cause of the internal corrosion viewed in these images.
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Although the SmartBall will identify any existing leaks in the pipeline, identifying and locating
air pockets may prove to be of greater value, as these environments may contribute to the root
cause of the internal corrosion and eventual leaks. Being able to correlate air pocket locations
with wall thickness testing may prove to be extremely valuable in assessing the condition of the
pipeline, as well as the operating hydraulics.
SmartBall® Technology
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Leaks and air pockets can be found with the deployment of Pure Technologies’ SmartBall
technology. The SmartBall can be introduced into the 36-inch main through a 6-inch outlet. The
SmartBall is equipped with a 12 hour battery life, which will require several intermittent 6-inch
diameter access points from which to retrieve and re-launch the SmartBall in order to collect data
on the full 36 miles of the raw water line. No intermittent outlets are needed on the 7 mile
finished water line.
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In addition to identifying and locating very small leaks, the SmartBall technology will also
identify and locate air pockets along the crown of the pipe. Not only the location but also the
length of the air pocket is determined. It needs to be mentioned that air pockets tend to be
dynamic and will grow and shrink with changing operating conditions. The locating accuracy of
leak and air pocket is typically +/- 5 feet.
The sensitivity of the SmartBall to identify leaks in a pressurized water main over the range of
flow velocities of 1 to 5 fps appears uniform. Location accuracy is improved if the flow velocity
is held fairly constant during the deployment period. Stillwater will be asked to maintain a flow
velocity of approximately 1.5 fps for the SmartBall runs.
Insertion & Retrieval in the Kaw Raw Water Transmission Main
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Based on a review of the record drawings and a site visit, it appears that the SmartBall can be
inserted at the Kaw Lake pump station, downstream of the 5 pumps. There are two 6-inch 300#
flange connections just after the pumps. The one designated for “pump out” would be ideal as it
can be isolated while the SmartBall is inserted. Capture of the SmartBall will require the
addition of a 6-inch tap at three locations: one each at the third points between the pump station
and the WTP and the third just before the Stillwater WTP. The 6-inch taps at the third points
would be used to capture and redeploy the SmartBall. Stillwater may want to consider using
these taps for the future installation of air release valves so every attempt will be made to select
sites that are accessible and at high points. In order to preserve the taps for future use, Stillwater
may also want to consider installing 48” risers (corrugated metal or GRP) over the taps.
Insertion & Retrieval in the Finished Water Line
The SmartBall can also be deployed in the 36-inch finished water pipeline that serves Stillwater
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and OSU. Insertion could be made just after the Stillwater WTP. Based on our preliminary site
investigation, it appears that a 6-inch tap will be required to accommodate deployment of the
SmartBall. Capture of the SmartBall will also require the addition of a 6-inch tap and 6-inch full
port valve before the 36-inch line reaches the tee and enters the OSU facility. These have been
shown on the drawings in Appendix 6.
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Identification of leaks and air pockets will identify obvious areas of potential concern. However,
the leak detection technology alone will not provide an understanding as to the condition of the
steel pipe. In order to assess whether either 36-inch steel pipeline can continue to function
structurally as originally designed, a more detailed inspection of the remaining pipe wall is
required. Ideally, this inspection would measure the remaining wall thickness of the steel pipe,
and in particular identify corrosion anomalies while quantifying their longitudinal extent and
depth with precision. With this data, the maximum allowable operating pressure (MAOP) can be
determined in accordance to ASME B31G (or RSTRENG) and locations along the pipeline
identified that are at risk of failure.
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Field Inspection and Verification
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Field verification, although not absolutely required with EMTEK’s ILI tool, would still be
recommended. We anticipate DNV will find a few locations along the pipeline where the
cathodic protection system is not operating at a level sufficient to provide external corrosion
protection to the pipe. If the pipe is experiencing external corrosion, the MFL tool may be able to
distinguish such from any internal corrosion depending on lining characteristics. Whether or not
that can be done will be determined prior to the inspection. However, as confirmation of the
high resolution and accuracy of the EMTEK tool, we are suggesting that several test pits along
the pipeline be excavated for a visual confirmation of the condition of the pipe exterior, plus that
wall thickness measurements be made to assist with MFL analysis. If no overt signs of external
corrosion are present, then we would recommend leaving the coating in place and taking
thickness measurements of the steel pipe through the coating using the Broadband
Electromagnetic technology. Alternatively, the coating could be removed and thickness
measured using ultrasonics. The cost for either technique will be the same. Any coating removed
for ultrasonic thickness measurements would have to be restored by the City’s crews.

R

ef

To verify the MFL results, Randy Parks of Dewberry Engineers has recommended that at least
six (6) locations along the pipeline, where anomalies are indicated, be excavated and for a linear
distance of 15 feet the full circumference of the pipeline be exposed. This could be in addition to
areas identified by DNV as being either under protected by the cathodic protection system or
showing hot spots (anodic areas). Locations for excavation and verification will be
recommended by Jason and reviewed with the City prior to initiating any excavation.
Excavation locations will be predicated on results from DNV’s investigation and the MFL
inspection, especially in locations that coincide with air pockets identified by the SmartBall.
In all cases a detailed visual inspection of the exterior coating system would be made, and in a
few selective spots the coating removed and the underlying steel pipe would be examined for
evidence of external corrosion. Without removal of the tape wrap or coal tar enamel coating,
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wall thickness measurements using near field eddy current technology (e.g. Rock Solid’s
Broadband Electromagnetic or Incotest’s hand scanning tool) would be made over a 2-inch
square grid on the exposed section (providing a 2-inch resolution for the surface mapping).
These measurements would then be compared to the results of the MFL scans for verification
and validation of the results.
Pulse Remote Field Eddy Current Pressure Pipe Condition Assessment Technology
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Broadband Electromagnetic (BEM) is an electromagnetic or eddy current system developed by
Rock Solid Group (Australia) and licensed to InfraMetrix for determining the remaining wall
thickness of ferrous pipe. The BEM external pipe tool works by inducing eddy currents to flow
in close proximity to a transmitter. In a ferrous pipe these eddy currents migrate with time
allowing a complete profile of the ferrous pipe under investigation. If the transmitter is located
on a pipe wall the magnetic flux generated intercepts the ferrous wall. As the magnetic flux
intercepts the ferrous wall it in turn creates an induced electrical field to flow like a mirror image
in the ferrous wall. At some point, the induced current flowing in the wall reaches a maximum
steady state where it is the product of the transmitter and the ferrous wall. This is then taken as
the calibration for any particular ferrous material and thickness. If the wall thickness changes the
maximum steady state changes which is how a wall is judged to be thinner or thicker. The
accuracy of the BEM tool is ±0.04 inches.
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If the transmitter is switched off the induced current in the ferrous wall will continue to flow but
will slowly decay. This induced current alone can be measured. So by switching the current on
and off in rapid succession, a matter of nano-seconds, the device continuously induces a primary
and secondary field. By assessing the primary and secondary induced currents it is possible to
gauge the thickness of the metal and to evaluate the metallurgical changes such as graphitization.
The Pulse Remote Field Eddy Current Test measures average wall thickness over a finite area.
For the BEM tool, the finite area is typically a 2-inch square area.
Incotest is another firm that has developed similar technology to Rock Solid and Pure has
worked with both technologies interchangeable in the past.

ef

Ultrasonic Thickness Measurements
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Ultrasonic thickness measurements involve sending a sound wave through the medium to be
measured, which is then reflected back to the transducer off of the back wall. Knowing the speed
of sound through the medium being tested allows the calculation of the thickness of the material.
With most ultrasonic thickness transducers, there has to be good contact between the transducer
head and the underlying metallic surface. A gel couplant is often used to provide good contact.
Also the diameter of the transducer head has to be of a size that can conform to the radius of
curvature of the pipe. The accuracy of an ultrasonic thickness measurement, with the right
equipment and proper calibration, can be ±0.001 inches. Jason Consultants has a Panametric
ultrasonic thickness transducer and has used other brands with good results on bare steel pipe.
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Where necessary, Jason will remove the coating to accommodate necessary inspections. Prior to
removing any coating, Jason will verify if the coating enamel and/or wrap is an asbestoscontaining material. If the coating does contain asbestos, appropriate protective measures will be
taken during removal of the coating, and any removed material will be disposed of in accordance
with local, state and federal regulations. Any removed coating will be restored by the City.
Cathodic Protection Assessment (Raw Water Line and Finished Water Line)
Initial Site Investigation and Report

C

DNV proposes information gathering and review with personnel most familiar with the Kaw
water pipeline system. This will include review of all pertinent as-built construction drawings,
specifications, maintenance records, repair methods, age, failure/repair history, use of coatings,
access locations, right-of-way, rectifier type and location, anode locations, test station facilities,
electrical isolation, A.C. power availability, etc.
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In addition to the information review, we propose to conduct the following on-site testing which
is anticipated to take approximately ten days.
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 Perform a complete visual inspection of the pipeline right-of-way and associated
facilities. The type of terrain, type of cover, collocation with high voltage power
transmission lines, repair locations, availability of power and other pertinent factors will
be documented.
 A complete review of the types of repairs performed on the pipeline with emphasis on
electrical continuity.
 Electrical isolation of the pipeline from other facilities will be verified through the use of
an electrical isolation tester and/or pipe-to-soil potential measurements.
 The rectifier(s) will be inspected for operational status and output. After performing the
subsequent testing, the rectifier may be adjusted for optimal output and pipe-to-soil
potential measurements re-measured.
 Anode ground bed(s) will be inspected for any disturbances and if the facilities are
available to test and/or adjust the anodes, the anodes outputs will be measured and
adjusted as required.
 Both DC and AC pipe-to-soil potentials will be measured at test stations and other
locations deemed necessary to evaluate the cathodic protection operation and
effectiveness. This will serve as a validation of the pipeline continuity, whereby a
rigorous continuity test should not be required. A rigorous continuity test (where wires
are run externally from test station to test station) is not included in the scope of work and
would require IR drop measurements between pipe and test station and between
consecutive test stations. If that test is required, it will be considered a change of scope.
 Soil resistivity measurements utilizing the Wenner 4-Pin Method (ASTM G57) will be
conducted at approximately one mile intervals along the pipeline (where possible).
Depths will vary from 2.5 to 10 feet at each location.
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 All equipment and test locations will be recorded with GPS measurements.

Introduction
Discussion of the findings and data.
Recommendations
Cost estimates
Test Procedures
Tabulated data.
References
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After completion of the site investigation, a comprehensive report will be developed generally
containing the following sections or documentation:
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Should the results of the site investigation indicate the cathodic protection system is providing
corrosion control in accordance with NACE SP0169-2007 “Control of External Corrosion on
Underground or Submerged Metallic Piping Systems” no further work would be required except
standard maintenance. Should minor repairs (under $10,000) be required, they would be outlined
in the report under the recommendations.
Cathodic Protection Design Specifications and Drawings (Phase 3 - Conditional)
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Should the existing cathodic protection system require replacement or supplemental system(s) be
required, this would necessitate Phase 3 as described below with a budgetary estimate listed
under “Associated Fees”.

ef

The design of the system upgrade will be assisted with computer modeling to optimize the
process while providing accurate results. Both Drawings and specifications would be developed
for the upgrade work.
-Drawings: Drawings would be developed in AutoCAD with a plot plan for the system that
would allow determination of land and power requirements. The drawings would depict the
location of the rectifier associated cabling and the location and type of anode ground bed. Details
would be provided to depict the various equipment installation requirements.
-Specifications: The specifications will define the acceptable products, installation requirements
and subsequent testing requirements.
Transient Pressure Monitoring (Raw Water Line)

R

Based on comments made by Supt. Taylor regarding pipe movement during start-up of the large
pumps, and the lack of any air relief valves or other surge protection on the raw water
transmission main, it is expected that the transmission main could experience significant water
hammer events. Theoretically, the maximum transient pressure associated with a sudden stop or
start of flow in the 36 mile pipeline would be 199 psig for a flow of 4.6 fps. The current SCADA
system is not sensitive enough to capture a transient event of this magnitude. This pressure wave
would be in addition to the working pressure. Consequently it is recommended that Stillwater
install a high speed pressure transducer at the pump manifold to monitor and record any transient
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events over a period of time that would include operation of all 5 pumps. We have included in
the pricing portion of this proposal a cost for installing and setting up a transient pressure
monitoring system that can transmit data via a cell link. This would be a permanent installation
that requires AC power and a protected environment in which to house the unit. We are
proposing to install the unit only on the Kaw Raw Water Transmission Main. Detailed drawings
addressing installation of the unit and communications link to the City will be presented to the
City for review and approval prior to installation and set-up of the system.
The results of the transient monitoring would also be used by Carollo Engineers in verifying and
calibrating the hydraulic model of the raw water transmission system.

C

Hydraulic Transient Analysis (Raw Water Line)

ce

While hydraulic transients may indeed contribute to the cause of leaks on the raw water line, an
in depth hydraulic transient analysis and evaluation is not part of Jason Consultants’ field of
expertise. Accordingly, at Stillwater’s suggestion we have contacted one of the leading firms that
specialize in carrying out hydraulic transient analysis. Carollo Engineers will assist us with the
hydraulic transient analysis, and provide recommendation on actions that could mitigate future
transients on the Kaw Raw Water Line. A hydraulic analysis of the finished water line is not
included in our proposed scope of services.
Interpretation and Analysis of Inspection Data
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Most, if not all, of the 36 miles of the Kaw Raw Water Transmission Line and 7 miles of
Finished Water Line will be inspected for leaks, air pockets and wall thickness anomalies. DNV
will evaluate if the external corrosion protection system is effective. The wall thickness reduction
data from the BEM and/or ultrasonics will be compared to the complete results of the EMTEK
ILI tool for verification and validation of the MFL data. The thickness reduction data will be
statistically analyzed, fitted to a frequency distribution (Normal, Extreme Value, or Wiebull) so
that the data can be spatially extrapolated. Estimated rates of corrosion will be developed and the
remaining life of the pipelines predicted.
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AWWA M11, with ASME B31G or RSTRENG, will be used to calculate the remaining strength
of pipe based on thickness measurements. Assuming a linear rate of internal corrosion, the
remaining life of the line can be made. This would be conservative as generally the rate of
corrosion tends to decrease with time. If earlier thickness measurements were made (e.g., during
the 1998 leak investigation) they could be used to establish a more realistic current rate of
corrosion. The remaining life will then be based on determining the probability that the factor of
safety will drop below 1.0 and the pipe no longer able to safely resist the internal pressure and
external loads. The data can be used directly to make informed judgments about the remaining
strength of the main, including estimates of its remaining life.
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Rehabilitation Recommendations
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Willbros has already suggested a plan for replacement of the entire line, at an estimated cost of
$40 million (1998 dollars). In current dollars, the cost is probably closer to $90 million. It may
turn out that only a few sections of the pipeline are found to be in distress requiring immediate
repair, renewal or replacement. Jason Consultants is very familiar with a wide range of renewal
technologies that can be used to either structurally or semi-structurally line the 36-inch steel pipe
and thereby restore its structural integrity. These broadly include cured-in-place pipe linings
(CIPP), sliplining and modified sliplining using thermoplastic pipes. Recommendations on
possible renewal technologies with estimated costs will be made as part of the deliverables.
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Pricing Proposal
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Phase 1
Project Management

$ 6,695

Participation in kick-off meeting after Notice to Proceed

$ 4,820

Collect data on pipeline, including previous reports on performance
issues, soil corrosivity testing, water quality reports, potential
measurements at test stations, etc.

$ 2,880

Map location of previous leaks and repairs on pipeline CADD
(collect GPS coordinates from Supt. Taylor)

$ 3,360

Walk pipeline right-of-way noting geological formations and
appurtenances that could bear on the pipeline’s corrosion resistance
and long term performance

$ 6,325

Conduct workshop with Stillwater engineering staff to review interim
corrosion test results and SmartBall leak/gas pocket detection

$ 4,100

Sub-Total

$ 28,180
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Management of subconsultants and technology vendors

Identifying and Locating Leaks and Air Pockets
SmartBall® Survey
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Includes identification of leaks and air pockets over the entire length of the Kaw Raw
Water Supply Line from the Pump Station at Kaw Lake to the Water Treatment Plant. (~
36 miles), as well as over the entire length of the Finished Water Line from the Water
Treatment Plant to OSU (~7 miles).

Mobilization
Technology Fee

1 each
36 miles
7 miles

$ 25,000
$ 270,000
$ 60,000

6-inch taps

5 each @ $11,000 each

$ 55,000

Sub-Total

$ 410,000
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Pure will install five (5) 6-inch flange outlets with 6-inch full port valves on the Kaw
Water Transmission Main and Finished Water Line to accommodate extraction and
redeployment of the SmartBall. City of Stillwater to furnish excavation and exposure of
pipeline to accommodate installation of the 6-inch access points (via hot taps). City of
Stillwater shall also furnish lifting equipment (backhoe, etc.) to lift tapping machine for
placement on a 6-inch flange connection at the crown of the pipe. City of Stillwater shall
be responsible for either maintaining access to these 6-inch taps for the deployment
and/or retrieval of SmartBall or optionally installing a 48-inch access manhole to protect
the 6-inch tap and 6-inch valve installed by Pure’s contractor. The latter is recommended.
Jason Consultants’ Project Manager will conduct a site visit to verify the completeness of
all preparation work prior to the arrival of inspection equipment and personnel.

C

City of Stillwater will provide minimum flow rate of 1.5 fps for the duration of each
SmartBall survey run.
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Pricing is based on completing all SmartBall surveys contiguously during a single
mobilization. Should any delays be incurred beyond our reasonable control, a daily
standby fee of $5,000 shall be applicable. Remobilization caused by others shall be
$15,000.
Cathodic Protection Assessment (DNV) – Raw Water Line & Finished Water Line
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Initial Site Investigation, Testing and Report

$ 43,620

Transient Pressure Monitoring (TP1)

Installation of transient monitoring equipment on outlet prepared by Stillwater
$ 25,000

ef

City of Stillwater to furnish ½-inch threaded outlet on Kaw Raw Water Transmission
Main just downstream of pumps. Transient monitoring unit is to be housed in a protected
environment and provided with AC power, arranged by Stillwater. Remote downloading
using cellular interface depends on the availability of cell phone towers and service at the
pump station. City of Stillwater shall be responsible for establishing cell phone service
and monthly communication service fees.

R

Hydraulic Analysis, Evaluation and Recommendations – Raw Water Line
Modeling of the raw water pumping station and transmission main and carrying out a
single-phase hydraulic transient analysis to determine expected transient pressure under
various operating conditions. Included are recommendations to mitigate any water
hammer/surge found as a result of this analysis.
$ 49,200
Total Phase 1

$ 556,000
31

Phase 2

op
y

Pipe Wall Inspection
EMTEK Geometry Tool and MFL ILI
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Includes deployment of cleaning pig and running the geometry tool through both the entire
length of the Kaw Raw Water Transmission Main (~36 miles) and the 7-mile Finished Water
Line to develop the profile on the internal surface of pipe. Design and fabrication of a 36-inch
MFL tool will result from this deployment. Price includes the deployment of the MFL tool and
analysis of data over the corresponding 36 miles of raw water pipeline and 7-miles of finished
water line. Based on accessing the pipeline through full diameter existing access on the raw
water line and the addition of full diameter access to the finished water line.
36-inch Kaw Raw Water Transmission Main & 36-inch Finished Water Line:
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Sub-Total
Discount

2 each
2 each
1 each
1 each
2 each
2 each

ce

Cleaning Pig Runs
Geometry Tool Runs
MFL Tool Preparation
MFL Mobilization
MFL Field Runs
Analysis/Report Fee

Revised Sub-Total

$ 30,000
$ 90,000
$ 73,000
$ 54,000
$ 451,500
$ 46,000
$ 744,500
($ 20,000)
$ 724,500

Pricing is based on performing all work in a continuous manner under a single mobilization.
Daily standby charges shall be applicable in the event of delays caused by others.
Standby Charges
Remobilization

$ 7,500 per day
$ 35,000 each
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Jason Consultants’ Project Manager will conduct a site visit to verify the completeness of all
preparation work prior to the arrival of inspection equipment and personnel.
Inspection and Verification

R

Visual Inspection and Wall Thickness Measurement at six (6) locations
$ 6,500

Includes mobilization/demobilization of equipment and
Personnel, data collection, equipment calibration,
project planning and communications
Plan Review and Evaluation Site Selection
Wall Thickness Measurement and Visual Inspection
Data Analysis and Summary Report

$
600
$ 79,800
$ 9,000

Sub-Total

$ 95,900
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Pricing is based on performing the test pit inspections in a continuous manner under a
single mobilization. Should any delays be incurred beyond our control, a daily standby
fee of $5,000 shall be applicable. Remobilization caused by others shall be $6,500.
City of Stillwater will excavate test pits and expose entire circumference of steel pipe
over a fifteen (15) foot length. The excavation will be prepared to safely accommodate
personnel in the pit to examine the pipe (may require gravel stabilization, sloped trench
walls, trench box, etc.). Wall thickness measurements will be made over 10 linear feet in
each test pit.
Additional test pit inspections, if warranted by the data

$ 6,500 each
$15,000 each

C

Mobilization (if required)
Inspection and Verification

Interpretation and Analysis of Wall Thickness Data

ce

Statistical analysis of all thickness data (MFL and BEM), estimate of rate(s) of corrosion,
calculation of remaining life of pipeline based on reduced factor of safety
$ 28,500
Rehabilitation Recommendations
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Based on corrosion, leakage and thickness findings, develop general recommendations on
possible rehabilitation methodologies that could be implemented to prolong the longevity
of the steel transmission main with costs
$ 16,300
Project Management and Final Report

$

6,480

Compilation and preparation of final report, with revisions after
review by Stillwater engineering staff

$

13,500

Presentation of results in Stillwater to City Council via PP presentation

$

7,480

Sub-Total

$

27,460

Total Phase 2

$ 892,660

R

ef

Conduct workshop with Stillwater engineering staff to review
pipe wall assessment test results and transient analysis

Phase 3 (Optional)
Cathodic Protection Design Specifications and Drawings

$

Grand Total with Optional Phase 3

$1,465,440
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Cancellation Charges
Should the City of Stillwater elect to deploy the cleaning pig and geometry tool and subsequently
discover significant inclusions on the pipeline that would prohibit a cost effective rehabilitation
of the pipeline, it is Pure’s understanding that the City may elect not to deploy the MFL tool. If
the City elects not to run the MFL tool, the City will pay a cancellation fee of $50,000.

Escalation Charge
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Pricing is based on completing all work on or before May 31, 2013. Work performed beyond
May, 2013 will increase by 3% over the pricing proposed herein.
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Requirements for City of Stillwater
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In order to carry out the proposed assessment, cooperation from Stillwater’s engineering and
operations & maintenance staff will be required. This will all be outlined in detail in a planning
document prepared after an award of a contract. However, in the interim the following highlights
some of our expectations for Stillwater and should serve as a good guide:

1. Notification to all property owners in the pipeline right-of-way or required for access to the
right-of-way of the inspection and possibility of authorized personnel trespassing on private
land.

For EMTEK’s geometry and MFL tool, plus the cleaning pig, this would include as a
minimum for the raw water line excavations at the Kaw pump station and Water
Treatment Plant (WTP) to expose the launcher and retriever tubes, dewatering, removal
and replacement of two 42-inch blind flanges, and operation of the isolation valves. Some
temporary pump shut down at the launch and retrieval tubes may be required. Stillwater
would also be expected to provide a backhoe at the launch site to pick up and place the
geometry and MFL tool in the launch tube and removal at the retrieval tube. The
geometry tool will weight approximately 600 lbs. and the MFL tool 1,300 lbs.
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2. All excavations and shoring, dewatering, and pipeline fabrication required for modifications
needed to deploy the inspection technologies.

Likewise, for EMTEK’s geometry and MFL tool, plus the cleaning pig, on the finished
water line, location and excavation of the new 36”x24” tee, isolation by operation of the
24” valves, dewatering of the beginning of the 36-inch finished water main, and removal
of the 36” blind flange (after installation) with temporary attachment of a 42” x 36”
reducer will be necessary. This will be necessary after modification of the finished water
pipe at the Stillwater WTP. The low level 24-inch pipe connection from the WTP needs
to be located and mapped, and a new flange and blind flange installed per the sketch in
Appendix 6. Also a 6-inch flanged outlet with full port valve just downstream of the tee
connection will be needed for the deployment of SmartBall. Stillwater will also have to
provide a backhoe at the WTP to lower the geometry tool and MFL smart pig into the 36inch finished water line.
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As no pig retrieval is set up at the downstream end of the finished water line, some
modifications would be required to facilitate the retrieval of SmartBall and the EMTEK
ILI pig. Unless the City of Stillwater has one 36-inch gate valve in inventory, the
modifications are going to require the purchase of one 36-inch gate valve (spur gear), and
one 12-inch gate valve (hand wheel). The estimated cost for the two valves is $35,000
(Randy Ruggles, Kennedy valves, Tulsa). In addition, some 36-inch and 12-inch PE pipe,
along with flanges, etc. will be required to create the retrieval station as shown in a sketch
in Appendix 6. We estimate the cost for the piping and fittings (excluding valves) to be
$15,800. Installation of the piping and valves can be by the City of Stillwater or a local
contractor. If done by a contractor, the cost is estimated to be $40,000. Dewatering of
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approximately 2500 feet of the 36-inch pipe will be necessary or alternatively a line stop
could be installed just north of the tee connection to the OSU treatment plant.
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For SmartBall, excavation at the Kaw pump station to access the 6-inch diameter flange
outlet designated as “pump out” would be needed. Pure will furnish the 6-inch full port
valve needed to insert SmartBall at this location. SmartBall Sensing Units (SBU’s) will
be installed directly on the pipe at all exposed metal appurtenances (i.e., access points, air
vents, etc.). Stillwater’s personnel will be needed to help locate these access vaults and
make them accessible to Pure’s technicians. In addition, several 12” pothole excavations
with PVC pipe shoring may be required by the City of Stillwater for sensors to more
accurately locate acoustic anomalies of concern. Sensors should be no more than 5,000
feet apart. We estimate that approximately 23 additional excavations in the raw water line
and 2 in the finished water line will be needed for sensor placement to supplement the
existing manway with vents and vents along the line.

C
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3. Over-line survey assistance for the external corrosion investigation. This would include
location of access manways, test stations and pipeline route. Some clearing of vegetation may
be required if it infringes on access to test stations.
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4. At all locations where modifications or inspection of exterior of pipe wall is performed, the
City shall be responsible for restoring the exterior coating system to provide corrosion
protection to the pipe.
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5. The City will have to gain approval from OSU for running the cleaning pig in the finished
water line. Undoubtedly the pig will dislodge sediment and loosen tuberculation from the pipe
wall which will be transmitted to the OSU treatment plant. Confirmation that the plant can
handle this debris will be needed. A similar scenario exists for the raw water line.
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Schedule
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A final schedule depicting relative time frames for each task will be presented to the City of
Stillwater along with a detailed planning document. A preliminary schedule is presented in
Appendix 5.

Insurance
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Appendix 3 contains Accord certificates showing Jason Consultants (Pure)’s levels of
professional indemnity and commercial liability insurance. These generally far exceed those
normally required of a consultant.
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APPENDIX 1 – RESUMES

B.A. Applied Science, Lehigh University, 1967
B.S.C.E- Structures, Lehigh University, 1968 (Cum
Laude)
M.S.C.E- Geotechnical, Newark College of Engineering
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Robert S. Morrison, P.E
Vice President and Chief Engineer
Registered Professional Engineer:
Texas - #34922
Maryland - #33651

Member ASCE, AWWA, WEF, and NASTT
Confined Space Entry Certified:
29CFR1910.146
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Robert Morrison, a Vice President of Jason Consultants Group, is the leader of Jason
Consultants’ asset management and pipe inspection/condition assessment team. He has over 40
years of experience in the design, manufacture, installation and rehabilitation of pipelines for
water and wastewater systems. He is an expert on pipe-soil interaction and the design of both
flexible and rigid pipes.
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Mr. Morrison has directed the engineering, manufacturing, marketing and development activities
of the world’s largest glass-reinforced plastic (GRP) pipe producer, a $210 million dollar
business; and managed the operations of several GRP pipe companies in Europe, Africa and the
Middle East. Under Mr. Morrison’s leadership, the African venture designed and supplied pipe
on one of the world’s largest water transmission projects. He was also the general manager of a
pipe manufacturing venture in the Middle East that designed and manufactured large diameter
GRP pipe, including 144-in diameter, for the largest sea water cooling system in the world.
Mr. Morrison was a research engineer in the R&D department of the largest US manufacture of
asbestos-cement and PVC pipe. As the only Civil Engineer in the R&D department, all design
issues relating to external loading and internal pressure on long term performance were handled
by Mr. Morrison. Soil box testing, including combined loading, were carried out under Mr.
Morrison’s supervision.
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As a member of the ISO and CEN sub-committees responsible for the drafting of system, design
and installation standards for GRP water and sewer pipe, Mr. Morrison was involved in the
development of over 38 specifications covering all aspects of GRP pipe’s use. Mr. Morrison also
chaired a special task group that developed a unique design methodology for buried GRP pipes
based on an amalgamation of the ATV A127 and AWWA M45 design methods.
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Mr. Morrison’s expertise extends also to the long term performance of varied pipe materials in
wastewater collection and water supply systems, which is a key knowledge element in
management and renewal planning in underground infrastructure systems. This knowledge
covers not only thermosetting and thermoplastic pipes in particular, but also asbestos cement,
concrete, reinforced concrete cylinder, pre-stressed concrete cylinder, clay, ductile iron and steel
pipes.
Over the course of his career Mr. Morrison has played a central role in the development of
renewal technologies for restoring flow, joint integrity and/or structural capacity to an
underground utility. He is the author of a comprehensive manual on slip-lining with GRP pipes,

for both pressure and non-pressure renewals. All of these are key elements in specific stages of
infrastructure asset management planning and implementation. Mr. Morrison has also established
the design fundamentals for a polymer concrete microtunneling and direct burial pipe.
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In addition, Mr. Morrison was a lead investigator on the Water Environment Research
Foundation (WERF) study Evaluation of Innovative Methods for the Inspection and Assessment
of Wastewater Systems, published in 2005 and co-principal investigator for the recently
published WERF research report Inspection Guidelines for Wastewater Force Mains. He is also
the principal instructor for the American Water Works Association (AWWA) seminar on Water
Distribution System Condition Assessment and Rehabilitation. Under an EPA research contract
(TO #58), Mr. Morrison recently completed a report presenting the State-of-the-Technology on
Force Main Rehabilitation, and is collaborating with others on similar documents for water
distribution and gravity sewer rehabilitation.
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Mr. Morrison is one of the principal contributing authors for the new ASCE Manual of Practice
Pipeline Installation, Inspection and Acceptance Testing. He chaired the Society of Plastic
Industry (SPI) committee whose work created the Fiberglass Pipe Manual which was later used
as a basis for the current AWWA M45 Fiberglass Pipe Design Manual, now recognized as the
most authoritative pipe design system in the world.
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Mr. Morrison has developed proprietary software that analyzes the design of a Pre-stressed
Concrete Cylinder Pipe in accordance to AWWA C304. In addition to calculating the state of
stress (strain) in the pipe under inputted loading conditions and comparing those results to the
defined Limit States (serviceability, elastic and strength) the program also calculates true factors
of safety for all components. Jason Consultants has analyzed over 500 PCCP pipe designs. Jason
Consultants, under Mr. Morrison’s supervision, has also developed a 3D non-linear finite
element model of both lined and embedded cylinder pipe using Abaqus. This software has been
used to examine the performance of PCCP pipe with increasing number of contiguous wire
breaks. Risk charts for over 50 pipe designs have been created and recommendations made to
PCCP owners on risk mitigation strategies.
Project Experience (Selective)

Assessment and/or Rehabilitation Experience
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Contracts #953 and #1080, Baltimore, Maryland
Developed master database of all water mains 36” diameter and over (210 miles) and carried out
a risk assessment of the mains based on likelihood of failure and consequences. Probability of
failure determination made based on AWWA C304 stress/strain analysis and pipe characteristics
for PCCP. Prioritized inspections, using electromagnetic, visual and acoustic monitoring, are
being carried out. Over 50,000 feet of 36”, 48” and 54” PCCP pipe have been inspected. FEA
analysis in conjunction with wire sensitivity calculations has established thresholds for
rehabilitation. To date, approximately 4,500 feet of 54” pipe have been replaced, over 40 pipe
sections internally lined with carbon fiber epoxy laminate, and 100 feet sliplined with steel pipe.
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Condition Assessment of 54-inchTruckee River Siphon, Truckee Meadows Water
Authority, Reno, Nevada
Conducted inspection and condition assessment of a 426 foot long 54-inch diameter steel water
main used to transfer water from the Washoe to the Highland Canal, while passing under the
Truckee River. The first task was to carry out a field inspection of the interior of the pipeline,
after dewatering by TMWA. This inspection included measurement of the vertical and horizontal
deflection of the flexible steel pipe, measurement of the radius of curvature of the pipe wall
around the circumference and wall thickness measurements using non-destructive technologies.
For the wall thickness measurements, both broadband electromagnetic (BEM) and ultrasonic
thickness measurements were made. A determination was made of the remaining reliable service
life of the pipeline, and areas along the pipeline that appear distressed and of concern have been
identified. Rehabilitation recommendations that could extend the remaining service life of the
steel transfer pipe another 25 years have been made.
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Acoustic Monitoring, Condition Assessment and Rehabilitation Plan for 42”/48” PCCP
Force Main, West Palm Beach, Florida
Performed condition assessment on a 42” and 48” PCCP sewer force main. The 9 mile long force
main was acoustically monitored over a 6 month period. Structural analysis based on AWWA
C304 was carried out using actual operating conditions. This was extended to include wire break
sensitivity calculations to determine which of the 6 PCCP pipe designs supplied might pose the
highest risk of failure. Using the AE data, along with other collected information, an initial
assessment on the condition of the main was made. Wire continuity tests will be made on two
sections of pipe heard to have significant wire activity during the monitoring period.
Rehabilitation recommendations will be made after completion of that stage along with FEA
non-linear 3D analysis.
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Anne Arundel County, MD
Jason Consultants, in joint venture with a local Baltimore consultant, was retained by Anne
Arundel County to access the condition of the extension of Baltimore City’s Southwest Water
Transmission Main. The extension involved 13,000 ft. of 48” PCCP pipe. In order to safely
inspect the main, three new access chambers had to be designed and built. After the visual
inspection and P-Wave electromagnetic inspection, Jason Consultants carried out the structural
analysis of the PCCP pipe. A portion of the line was installed on piles for a river crossing which
required consideration of both longitudinal and vertical loads. Two sections of the pipeline were
used for calibration of the P-Wave results. Risk curves were developed for those pipe designs
with significant wire breakage and recommendations for repair, which included the application
of carbon fiber composite to the interior surface. Specifications were developed for the repair
work based on the use of carbon fiber.

R

Kenilworth Dr. Transmission Main, Baltimore County, MD
As a subconsultant to a local Baltimore consultant, Jason carried out the structural analysis of the
48” Kenilworth PCCP Water Main. Openaka handled the visual inspection and Pure the P-Wave
electromagnetic inspection of this line. The line had been similarly inspected 5 years earlier and
was being monitored by Pure Technologies using Acoustic Fiber Optic technology. Part of the
structural assessment included comparing cumulative wire break distributions from the two
inspections, stress/strain analysis of the four pipe designs making up the Kenilworth main, and

development of two risk curves using 3D non-linear FEA. Specifications were developed for
carrying out carbon fiber repair on the 13 pipe sections found to be in significant distress.
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36” Southwest Water Transmission Main, Howard County, MD
Amtrack had installed some additional spur rail lines that crossed over a 36” PCCP water main in
Howard County. Acting as a subconsultant to a local firm, Jason analyzed the structural
implication of the E-80 rail loading on the shallow buried PCCP pipe. The pipe designs were
found to be adequate for this excessive live loading.
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Possum Point Power Station, Dominion Power
Carried out the condition assessment of the 120” and 96” PCCP circulating water pipe for Unit 5
of Dominion Power’s Possum Point Power Station in Dumfries, Virginia. Supply and return
pipes totaled 2,845 feet, with a portion of the 120” supply pipe aboveground. A visual inspection
of both the interior and exterior of the pipe as well as a P-Wave electromagnetic inspection was
made. All 13 pipe designs were analyzed structurally under actual loading conditions.
Recommendations made on immediate and long term actions needed to maintain the safety of the
cooling water system.
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Mount Storm Unit 3 GSU Transformer Replacement
Dominion Power retained Jason Consultants to analyze the impact of moving 480 ton
transformers over the Mt. Storm Unit 2 108” PCCP discharge pipe and the Unit 3 120” PCCP
intake pipe. In addition, one transformer was to be placed directly on a foundation resting on the
crown of the 120” intake pipe. A structural analysis of the PCCP pipe was made with the carrier
and transformer loading and recommendations made to Dominion.
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Lisnaskea Wastewater Treatment Plant, Belfast, Ireland
Investigated the failure in a complex GRP piping system associated with a packaged wastewater
treatment plant. Demonstrated that a vacuum had been accidentally created in a submerged GRP
intake manifold that was plugged with golf balls. Recommendations made on stiffening the
manifold to resist collapse from negative pressure.
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Condition Assessment of Toho Water Airport Master and Medieval Times Force Mains, Toho
Water, Kissimmee, FL
Conducted an assessment of the Airport Master and Medieval Times force main, involving a
total of 13,000 feet of 36” and 24” ductile iron pipe. The Airport Master force main carries 40%
of all sewage flow for Kissimmee. Condition assessment included the use of the Broadband
Electromagnetic (BEM) technology to measure remaining wall thickness in both 29 year old
mains. Assessment also included external inspection of pipe at 5 selected locations. Rate of
corrosion was estimated and used to predict remaining design life and failure life of the two
mains.
Condition Assessment of the McCarthy Blvd. Pumping Station Force Main, City of Regina,
Saskatchewan, Canada
Conducted condition assessment of two 42” steel sewer force mains. One force main, installed in
1958, experienced a failure in 2007, and during the repair evidence of liner and wall loss was
noted. The 5km long 1958 main was cleaned and UT wall measurements made in 60 to 80 meter
directions from 5 new access points created in the main. Severe erosion of the liner and ferrous

op
y

wall was noted in portions of the ¼ inch thick steel pipe. The safe operating pressure for the
main was determined based on ASME B31G and it was recommended to rehabilitate the main.
Cost estimates were prepared for close fit sliplining with fold and form PE, sliplining with GRP,
and lining with CIPP. Based on the condition assessment and rehabilitation options, coupled with
future flow needs, the City of Regina elected to replace the 1958 steel force main with a new PE
pipeline. However, the steel main will be maintained with the option of rehabilitating it in the
future to accommodate expected peak demands.

Belcher Road 48” PCCP Evaluation and Rehabilitation Project, Pinellas County, Florida
Developed a conceptual rehabilitation scheme for 3 miles of 48-in PCCP pipe which was deemed
defective. Rehabilitation options included sliplining with PE, PVC, GRP or steel. Other solutions
were investigated and found not cost effective.
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Tunnel Investigation & Recommendations, Buenos Aires, Argentina
Investigated near collapse of one of Buenos Aires’ (AySa) main 3 meter diameter concrete water
tunnels. The tunnel is 30 meters under the ground, in a residential neighborhood and carries
potable water for 3 million inhabitants of Buenos Aires. Found no redundancy. Provided
recommendations on temporarily sealing cracks in the concrete tunnel wall, and filling the voids
outside the tunnel created from wash-in of the surrounding soil. Also provided recommendations
on the use of the Wave Impedance Probe (WIP) to map the extent of voids created along the
entire tunnel. Designs were developed for GRP panels, which would restore the tunnel’s
structural integrity, which can be lowered down a 2.5m diameter hole to the tunnel and
transported and installed by divers subaqueously.
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North South Carrier Investigation, Gaborone, Botswana
Investigated joint failures on 42”-54” GRP water transmission line (250 miles). Misalignment
during installation of valve chambers at time of construction was determined to be root cause.
Dammam Storm Water System Investigation, Dammam, Saudi Arabia
Investigated and determined cause of over-deflection in large diameter GRP storm water system.
Side soil support loss during sheet pile removal led to excessive deflections. Installation practices
for all flexible pipes now recognize this situation.
Water Line Investigation, South Africa
Investigated unusual weeping in 20kms of 350mm diameter GRP pressure pipe on water supply
line. Traced cause back to faulty manufacturing at two plants.
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Bassa Pumping Main, Tel Aviv, Israel
Investigated cause of failure in 50” AC force main, conducted finite element analysis of eroded
pipe wall and risk assessment of future failures in 4km pipeline. Designed hybrid ferrocement
lining system, and alternative steel and GRP liners to carry full internal pressure (150 psig).
Specifications were prepared for construction tender.
Al Jubail II Desal Plant
Supervised the design and manufacture of 600mm to 2400mm diameter GRP pipe for the Al
Jubail II desal plant in Jubail, Saudi Arabia. Pipes were used for sea water intake, brine and

product water lines with operating pressures up to 225 psi and temperatures to 110oF. Flexibility
analysis was used for aboveground portion of the plant.
Publications
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Morrison, R.; Sangster, T.; Wang, L. and Condit, W. (Battelle Memorial Institute) – State of
Technology Review Report for Force Main Rehabilitation, United States Environmental
Protection Agency, 2010
Thomson, J.; Morrison, R.; Sangster, T. – Inspection Guidelines for Wastewater Force Mains,
Water Environment Research Foundation, 2010

Thomson, J.; Morrison, R.; Sangster, T. – Guidelines for the Inspection of Ferrous and NonFerrous Force Mains, Water Environment Research Foundation, 2009
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Morrison, R.; Sterling, R. (Louisiana Tech University), Wang, L. (Battelle Memorial Institute) –
State of Technology Review Report on Rehabilitation of Wastewater Collection and Water
Distribution Systems, United States Environmental Protection Agency, 2009
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Morrison, R., Condition Assessment of Water and Wastewater Assets – Back to Basics,
Underground Infrastructure Management, Nov./Dec. 2004
Thomson, J.; Morrison, R.; Sangster, T. – An Examination of Innovative Inspection Technologies
for Wastewater Systems, Water Environment Research Foundation, 2004
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Morrison, R.; Thomson, J. – Innovative Inspection Methodologies for Wastewater Systems,
ASCE Pipelines, Baltimore, MD, 2003
Morrison, R. – Seasonal Tourist Demand is Met in Malaga, World Water, July, 2002
Waters, G.; Morrison, R. – Water Hammer in GRP and PVC Pipes, Johns Manville, 1974

R

ef

Morrison, R. – Combined Loading of PVC Pipes, Johns Manville, 1972

Norman E. (Ed) Kampbell, P.E
Pipeline Rehabilitation Technologies Specialist

Registered Professional Engineer:
Arkansas - #5461
Nevada - #20651
Ohio - #56212
Wisconsin - #40840

C

US Patent number 6922426 (Steam Curing of CIPP).

American Society of Civil Engineers (ASCE), American
Water Works Association (AWWA committee #353
responsible for MOP #45), Water Environment
Federation (WEF), American Society for Testing and
Materials (ASTM, member of committees F17 and
D20), Trenchless Technology Center (TTC, Vice
Chairman of the Board), National Association of Sewer
Service Companies (NASSCO, Past-President and
Board Member), North American Society of Trenchless
Technology (NASTT), and the International Society of
Trenchless Technology (ISTT).
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B.S.C.E., University of Arkansas, 1978
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Mr. Kampbell is a key member of Jason Consultants’ pipeline rehabilitation team. Having an
educational background in civil engineering, and over 31 years of experience as a municipal
engineer, rehabilitation contractor and consulting engineer, Ed Kampbell is highly experienced in
wastewater pipe construction and rehabilitation. Ed has held senior positions with a number of U.S.
based pipeline rehabilitation contractors.
As a member of the Jason Consultants team, sub-consultants to Battelle on the EPA Project TO #58,
Ed Kampbell is the key contributor on the subject of rehabilitation quality control of the State-of-theTechnology report on rehabilitation of gravity and force mains.
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He is an expert in pipe-soil structure interaction and the design of both flexible and rigid
pipelines; with an emphasis in thermosetting resin plastic pipes (CIPP) and thermoplastic pipes.
He has experience in the design, manufacture, installation and rehabilitation of pipelines for
wastewater collection and water transmission systems spanning projects in over 42 countries.
Working both domestically and internationally, he has contacts which have afforded him the
opportunity to review and critique emerging ideas for the trenchless rehabilitation of pipelines in
their infancy. A senior strategic and technical executive with a strong engineering background;
he possesses expertise in pipelines and pipeline systems, engineering management, research and
development (R&D), commercialization of R&D, market assessment, and strategic modeling of
business variables.
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Project Experience (Selective)
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City of Largo, Florida
Jason Consultants as subconsultants to TBE has been assisting the City of Largo in their sewer
catchment upgrades. To date the company has provided revisions to specifications for cured in
place pipe rehabilitation, manhole rehabilitation and lateral lining together with upgrades to
CCTV monitoring procedures and methodology. Jason studied flow monitoring data and made
recommendations to utilize FELL 41 electroscanning in a subcatchment and is currently planning
a performance review of the rehabilitation works undertaken by the city under this program.
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Dan Region Bassa Force Main - Tel Aviv, Israel
Investigated failure in a 30 year old 50” AC sewer force main and designed rehabilitation scheme.
Using FEA, carried out a complete structural analysis of the twin 10km force mains that transverse
old Tel Aviv. Demonstrated that significant portions of the line were at a high risk of failure. Open
cut replacement was impossible with narrow, winding streets. Sliplining also not feasible. Designed a
hybrid ferrocement lining system to restore the structural integrity. The lining was composed of
multiple layers of fine wire mesh, steel rebar and high strength cement which incorporated a high
loading of polymer fibers for improved crack resistance. Lining designed for 10 bar (145 psig)
pressure.
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Evaluation of Innovative Inspection Technologies for Wastewater Systems -Water
Environment Research Foundation, Washington, DC
Jason Consultants carried out a two year investigation and evaluation of innovative new inspection
technologies that could be used to inspect and assess the condition of a gravity and/or force sewer
main. Traditional CCTV was covered, but also new digital scanners and accompanying software,
sonar and laser profilers, leak detectors (FELL, Sahara), ultrasonic, electromagnetic, and MFL tools
for measuring remaining wall thickness, etc. The evaluation included field trials of the more
promising technologies. The published report (available on CD) provided guidance on the selection
of inspection technologies to match utility needs.
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Guidelines for the Inspection of Ferrous Force Mains - Water Environment Research
Foundation, Washington, DC
Sewer force mains, unlike gravity lines, generally cannot be taken out of service for inspection.
Consequently, force mains are typically not inspected and/or their condition assessed. Failures in
force mains can be catastrophic, spewing million of gallons of raw sewerage into the environment.
Jason Consultants is undertaking a research study for WERF the objective of which is to develop
guidelines for inspecting ferrous force mains. Utilities across the USA were surveyed to find current
practices. A risk assessment protocol has been developed for grading the likelihood and
consequences of a failure, so only systems at risk are targeted for inspection. Methods for inspecting
force mains, both internally and externally, while in service are being explored. The initial report has
been submitted. Trials of the recommended guidelines with 10 utilities are now scheduled to begin.
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East Regional Water Reclamation Facility Force Main - Lake Worth, Florida
Arranged for Broadband Electromagnetic (BEM) survey of 42” and 54” DI force main at five
locations in Palm Beach County. The BEM survey was carried out in conjunction with ultrasonic
(UT) scans and surface pit depth measurements. Approximately 30% wall thickness loss was found
remaining in 42” with BEM which correlated well with the UT scans. External corrosion also
visually found under damaged polyethylene liner. Jason Consultants was a sub-consultant.
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Acoustic Monitoring, Condition Assessment and Rehabilitation Plan for 42”/48” PCCP
Force Main - West Palm Beach, Florida
The Pressure Pipe Inspection Co. (PPIC) acoustically monitored 30,000 ft. of 42” and 48” PCCP
pipe with 54 monitoring stations over a period of 700 hours per station. Pipes were originally
manufactured by Price Bros. and Interpace Corp. in 1974. The Interpace pipe was embedded cylinder
pipe and was made with Class IV wire. Pipe supplied by both firms showed pipe related events
(PRE), with the Interpace pipe definitely the noisiest. Jason Consultants conducted a structural
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analysis, based on AWWA C304, of all pipe designs using original and actual operating conditions.
Further, a wire break sensitivity analysis was conducted for the Interpace pipe. Pipe will be exhumed
and wire continuity checks made to verify PRE’s are wire breaks. Petrographic examination of
removed mortar coating will also be carried out. Condition assessment report prepared and submitted
to West Palm Beach. Rehabilitation recommendations for approximately 700 ft. of 48” PCCP will be
made once the field work is completed.
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Inspection and Assessment of Large Diameter Water Mains - City of Baltimore, Maryland
The City of Baltimore has retained the joint venture PHRA/Jason Consultants to inventory and assess
the condition of 110 miles of the City’s large diameter water transmission mains. The majority of the
system is PCCP pipe, but some steel, DI, and CI are present. Initially, a database was designed
identifying all important pipe physical, operating and environmental characteristics deemed
necessary for prioritization the inspection of the mains. Using belief networks, combined with
detailed structural analysis, a risk assessment of the system has been carried out resulting in a rating
of each main section. Inspection of those mains deemed at a high risk of failure and/or a high
consequence of failure has been initiated. Remote field eddy current and visual inspections, with
sounding for ECP, have been carried out on over 40,000 feet of pipe. As a result 4,500 feet have been
replaced and another 400 feet renovated using carbon fiber lamination on the interior. This work was
carried out under a separate Baltimore County contract.
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Condition Assessment of Toho Water Airport Master and Medieval Times Force Mains,
Kissimmee, Florida
Toho Water retained Jason Consultants as a sub to InfraMetrix to carry out a condition assessment of
two of their key sewer force mains. The force mains were made of ductile iron pipe and had been in
service 29 years. A Broadband Electromagnetic (BEM) and visual inspection was carried out on the
36” Airport Master and 24” Medieval Times force mains at five test pits spaced approximately 2500
feet apart along the mains. Wall thickness measurements from the BEM, combined with the visual
corrosion inspection, resulted in a determination of the rate of wall loss (internal corrosion) and a
prediction of the remaining design life and failure life for the mains. Retesting in 10 years was
recommended to confirm rate of wall loss.

R

ef

YAPII New Delhi, India
Jason Consultants as subconsultant to Tokyo Engineering, the Japan bank for International
Cooperation’s Project Manager has undertaken reviews of DPRs for the Delhi component of the
Yamuna Action Plan. The project involves the construction of two new sewer networks at Bela
Road and Wazirabad Road and the rehabilitation of 8 miles of the 48-120” Ring Road Trunk
Sewer. Jason Consultants, appointed as Project Engineers have made rehabilitation
recommendations, drafted specifications and prequalification documents and assisted the Delhi
Jal Board and its consultants MWH in the selection of contractors. This $50M project component
is now in the implementation stage and Jason Consultants provides periodic reviews.
Wessex Water Consultancy
Jason Consultants has been hired as a consultant to the Wessex Critical Sewer Team and
provides design reviews and quality control of sewer condition assessments on an as needed
basis. Jason also provides review of emerging technologies to assist the team in maintaining its
position as one of the United Kingdom’s leading edge rehabilitation groups. It is expected this
role will be confirmed for Asset Management Period 5 commencing in 2010.
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Complete Lateral System (“CLS”), National EnviroTech Group, Houston, Texas
Project entailed taking Shonan’s (Japan) one-piece lateral lining system installed from within the
main line and re-engineering it to perform in the North American market for the National Liner
System. The lateral lining tubes were resized and configured for working in 4, 5, and 6-inch
laterals; and, at branch angles of 45⁰, 60⁰ and 90⁰. Additionally, a purpose-built robot utilizing
on-board hydraulics (patent pending) for making these installations was undertaken and
completed. Project involved also developing a methodology for steam curing the laterals in situ.
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Reinforced Lining Tubes for CIPP Applications, Applied Felts, Inc., Martinsville, Virginia
Project entailed finding a cost-effective way of adding reinforcing materials to CIPP tubes;
including finding types and sources of available reinforcing materials, integrating them into
manufacturer’s production lines, determining viable resin systems, short and long-term testing of
various alternatives to arrive at short and long-term engineering properties that are achieved.
Applications are to include high bending in gravity applications such as arches, eggs, etc.; and
pressure applications such as sewer force mains, gas mains, and water mains. Working currently
on force main applications, we completed three demonstration projects totaling over two miles of
force main rehabilitation. Pressure testing to date has demonstrated capabilities above 250psi
operating pressure are possible.
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Inspection Training and Certification Course for CIPP, National Association of Sewer
Service Companies, Owings Mills, Maryland
Recognizing that the quality of cured in place pipe installations, pipe bursting, installations,
manhole rehabilitation, etc. needed the help of a thoroughly trained inspector corps, NASSCO
commissioned the creation of a formalized inspector training program that would create
confident and knowledgeable inspectors for these trenchless rehabilitation techniques. Project for
the CIPP training was completed in April following an actual peer review of the two day course
using actual students.
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Structural & Hydraulic Evaluation of Quintuple Arch Pipe CIPP, Lake County, Florida
Evaluated the as-built condition of five 83-inch by 57-inch CMPA that were poorly installed as
to their shape. Lake County road department was concerned that the resultant shape may not hold
up to the roadway loading they would experience (cover height was approximately 12-inches).
Additionally, they requested that the modified shapes be evaluated as to their potential deviation
from the requirement given in the project specifications that the hydraulic capacity be “equal to
that of a total replacement” of the quintuple pipe structure. Project required a sophisticated
structural analysis.

Publications
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Kampbell, Ed and Downey, Dec, and Condit, Wendy (2010). Quality Assurance and Quality
Control Practices for Rehabilitation of Water and sewer Mains, Publication of the U.S.
Environmental Protection Agency, April, 2010
Kampbell, Ed (2008). Guideline for the Use and Handling of Styrenated Resins in Cured-inPlace-Pipe, Publication of NASSCO, www.nassco.org, 2008
Kampbell, Ed and Osborn, Lynn (2009). NASSCO’s Guideline for Safe Use and Handling of
Styrenated Resins in CIPP, Underground Construction Technology International Conference,
January 20-22, 2009, San Antonio, Texas
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Kampbell, Ed (2009). Interim Report: Study of Styrene Concentrations in CIPP Process Water,
Underground Construction Technology International Conference, January 20-22, 2009, San
Antonio, Texas
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Kampbell, Ed (2009). A Technical Review of VTRC’s Research Report: Understanding the
Environmental Implications of Cured-in-Place Pipeline Rehabilitation Technology, Underground
Construction Technology International Conference, January 20-22, 2009, San Antonio, Texas

er
en

Kampbell, Ed (2008). CIPP: The Relationship between the Materials and the Installation
Practices to the Finished Quality, Underground Construction Technology International
Conference, January 29-31, 2008, Atlanta, Georgia
Kampbell, Ed and Long, Wayne (2005). Ensuring Performance of Close-Fit Trenchless Pipeline
Renewal Systems with Good Construction Phase Observations, Underground Construction
Technology International Conference, January 25-27, 2005, Houston, Texas
Kampbell, Ed (2004). Renewal of Pipelines in an Industrial Setting Using CIPP, Underground
Construction Technology International Conference, January 13-15, 2004, Houston, Texas
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Kampbell, Ed (2002). Inliner Technologies Proprietary Know-How Manual, Version 1.0,
Publication of Inliner Technologies, Secure Distribution
Kampbell, Ed and Kleweno, Doug (2003). Engineering Design Guide, Publication of Inliner
Technologies, www.inliner.net
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Kampbell, Ed and Whittle, Grant (2003). Construction QA/QC for Close-Fit Trenchless Pipeline
Renewal, ASCE Pipelines Conference, July 13-16, 2003, Baltimore, Maryland

ALIZA CARABALLO, P.E.
Project Manager

CERTIFICATES
Registered Professional Engineer, FL #67474
COMPANY CONTACT INFORMATION
Pure Technologies: (214) 377-5300
PROFESSIONAL SUMMARY
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B.S. Civil Engineering
University of Puerto Rico, 1998
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EDUCATION
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PROJECT EXPERIENCE
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Ms. Caraballo has over 10 years experience as a Civil Engineer in the Water/ Wastewater
Systems Design and Construction field. In the past years working with Pure Technologies Ms.
Caraballo has acquire the technology knowledge and additional experience to provide support
managing the diverse pipeline condition assessment projects.

Ms. Caraballo has managed, collaborated, and overseen the following condition assessment
projects:
Assessment Projects
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Arizona Public Service, AZ – Circulating Water Systems at Palo Verde (96, 108, 120 & 144in PCCP) and Cholla (72-in PPCP) Nuclear Plants
Miami Dade Water and Sewer Department, Miami, FL – PipeDiver Inspection of 48 and 54in PCCP Water Force Main on NW 57th Ave.
Puerto Rico aqueduct and Sewer Authority, P.R. - PipeDiver Inspection of 72-in PCCP
North Coast SuperAqueduct
Public Services of New Mexico, San Juan Generating Nuclear Plant, NM – Circulating
Water systems on Unit 3 (120-in PCCP) and Unit 4 (120-in PCCP)
Progress Energy Crystal River Nuclear Plant, Crystal River, FL – 90-in PPCP Circulating
Water System
South Coast Water District, CA – 60-in Joint Transmission Main
Tarrant Regional Water District, Fort Worth, TX – 72-in Cedar Creek Water Transmission
Main
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Leak Detection


Exxon Mobil Nuclear Plant, IL – Circulating Water Systems 30, 42, & 48-in Steel pipe

Water/Wastewater Design and Construction Management:
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Charlotte County Reclaimed Water Transmission Main, Storage and Pump Stations Port
Charlotte, FL - Design and Construction Support 14 miles of 16-in DIP/HDPE
Caguas WWTP, Puerto Rico - design improvements and constructability reviews for the
plant capacity increase from 12 MGD to 18 MGD
Dallas Central WWTP, Dallas, Texas - feasibility study on a proposed pump station
El Yunque WTP, Rio Grande, Puerto Rico - design plant improvements and constructability
review to increase the current capacity of the plant from 20 MGD to 30 MGD
Winnie Boulevard/ Langston Street Reconstruction, Fort Worth, Texas - design water and
sewer services replacement, drainage, and street reconstruction
Stagecoach/ Westside IV/ The Colony, Fort Worth, Texas - construction inspection for three
new storage and pump stations in the City of Fort Worth and City of The Colony.
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ADDITIONAL EXPERIENCE

Angel Ricardo Kowalski
Principal Engineer, Inspection & Surveys
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Curriculum Vitae
DET NORSKE VERITAS (U.S.A.), INC.
Asset Risk Management
5777 Frantz Road
Dublin, OH 43017-1386
Tel: (614) 761-1214
Fax: (614) 761-1633
www.dnv.com
www.dnvusa.com

Education
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B.S., Mechanical Engineering, Universidad Simón Bolívar, Caracas,
Venezuela, 1986
Post Graduate Studies in Material Science, Universidad Simón Bolívar, Caracas, Venezuela,
1993

ce

Mr. Kowalski has over twenty years of experience managing external corrosion control on buried
and submerged metallic structures; evaluating the impact of external corrosion on the mechanical
integrity of underground pipelines; more than 1500 miles of pipelines surveyed with
aboveground survey tools such as Close Interval Potential Survey (CIS) and Direct Current
Voltage Gradient (DCVG) in USA, Venezuela and Brazil; extensive experience in all aspects of
installation, surveying and maintenance of cathodic protection systems and more than seven
years of experience in the application and quality assurance of fusion bonded epoxy coating for
On and Off-shore pipeline installation projects in Venezuela, Brazil, United Kingdom, and The
North Sea.
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He has been Group Leader of Facility and Pipeline Services since January 2009 [Section of
Asset Risk Management Department in DNV Columbus, Inc. (DNV)], developing staff to take
on roles beyond routine CP services, and is in charge of production (project set-up, project
management and project completion), after-sales (project closure and client follow), recruitment,
retention and coordination of all resources related to services. As Senior Project Manager of
External Corrosion Section from 2006 through 2008, he managed external corrosion control
projects, including field data collection, analysis and verification, writing reports and interaction
with clients. As Field Services’ Assistant Manager from 2004 to 2006, he conducted field
surveys and trained field crews.
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Experience (Selective)

Asesoria Adiestramiento y Construccion (AAC360 C.A.): Technical Director and Operations
Manager, leading external corrosion control services applying state of the art technology and
leading the industry through innovation.

R

Pipeline Induction Heat de Venezuela: Project Manager, applying fusion bonded coating on
girth weld for onshore and offshore pipelines.
Pipeline Induction Heat de Venezuela: Project Manager, applying fusion bonded coating on
girth weld for onshore and offshore pipelines.

Barry E. Krebs
Senior Project Manager

Curriculum Vitae
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DET NORSKE VERITAS (U.S.A.), INC.
Asset Risk Management
5777 Frantz Road
Dublin, OH 43017-1386
Tel: (614) 761-1214
Fax: (614) 761-1633
www.dnv.com
www.dnvusa.com

C

Mr. Krebs is a Senior Project Manager with Det Norske Veritas (U.S.A.), Inc. (formerly DNV
Columbus, Inc.) and has over twenty-seven years of experience in the corrosion testing and
evaluation of buried or submerged metallic structures. Facilities include transmission and
distribution pipelines, below and aboveground storage tanks, oil terminals, petrochemical plants,
piling and piers, steel reinforced concrete structures, well casings, offshore piping, generating
stations and numerous other structures.
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He is responsible for the preparation of proposals, designs, audits, material selection, economic
evaluations, failure investigations, and troubleshooting for various corrosion and corrosion
control related projects. These projects involve inspections, assessments, project management,
coatings, cathodic protection, high voltage alternating current corrosion and mitigation methods.
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His career has included executive management of sales, engineering and equipment
manufacturing for foreign operations with companies located in four Middle East countries;
revenues were in excess of $16 million per annum. Management also included oversight of
various representatives for internal corrosion, industrial and marine sectors in several other
countries within the Middle East and Asian subcontinent.
Education
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B.S., Mechanical Engineering; South Dakota School of Mines & Technology, 1982
NACE I Basic Course, 1985
NACE II Cathodic Protection Course, 1986
Experience
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Principal Engineer

Det Norske Veritas (U.S.A.), Inc.
(formerly DNV Columbus, Inc.)

2009 – Present

Senior Project Manager

CC Technologies, Inc.

2007 – 2009

Senior Project Manager

Corrpro Companies, Inc.
Medina, OH

2001 – 2006

Middle East Region
Managing Director

Corrpro Companies, Inc.
Sharjah, U.A.E.

1994 – 2001

International Engineering Mgr.

Harco Technologies Corp. (a Corrpro Co)
Medina, OH

1991 – 1994

Project Engineer

Cortest Columbus Technologies, Inc.
San Francisco, CA

1989 – 1991
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Experience (continued)
Harco Technologies Corporation
Hayward, CA

1987 to 1989

Project Engineer

Harco Technologies Corporation
Bhopal, India

1986 to 1987

Project Engineer

Harco Technologies Corporation
Chicago, IL

1984 to 1986

Field Engineer

Harco Technologies
Al-Khobar, Saudi Arabia

1982 to 1984
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Senior Engineer

Professional Affiliations
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American Society of Mechanical Engineers
NACE International
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NACE Cathodic Protection Specialist No. 3338

Benjamin A. Terrien
Project Engineer

Curriculum Vitae
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DET NORSKE VERITAS (U.S.A.), INC.
Asset Risk Management
5777 Frantz Road
Dublin, OH 43017-1386
Tel: (614) 761-1214
Fax: (614) 761-1633
www.dnv.com
www.dnvusa.com

Education
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Mr. Terrien is a Project Engineer for the Internal Corrosion Management Group in the Asset
Risk Management Department at Det Norske Veritas (U.S.A.), Inc. His duties include
management of projects, performing internal corrosion threat assessments on liquid and natural
gas production, storage and transportation systems, development procedures for and performing
Dry Gas Internal Corrosion Direct Assessment (DG-ICDA), Wet Gas Internal Corrosion Direct
Assessment (WG-ICDA), and Liquid Petroleum Internal Corrosion Direct Assessment (LPICDA), flow rate and corrosion rate modeling, and inspection of pipe removed from service.
Mr. Terrien has been involved in numerous internal corrosion monitoring projects. He has been
instrumental in projects selecting monitoring locations as well as analyzing corrosion monitoring
results. He is familiar with the EM coupon analysis process and interpretation of results. He has
also been involved in numerous internal corrosion threat assessments.
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B.S.E., Chemical Engineering (2007), University of Michigan
NACE – Senior Internal Corrosion Technologist – Number 26310
Experience

Project Engineer
Staff Engineer
Engineer

Professional Organizations
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NACE International

Det Norske Veritas (U.S.A.), Inc.
DNV Columbus, Inc.
CC Technologies, Inc.

January 2011 – Present
2009 – 2010
2007 – 2009

Seth S. Vermaaten
Technologist II

Curriculum Vitae
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DET NORSKE VERITAS (U.S.A.), INC.
Asset Risk Management
5777 Frantz Road
Dublin, OH 43017-1386
Tel: (614) 761-1214
Fax: (614) 761-1633
www.dnv.com
www.dnvusa.com

Mr. Vermaaten is a Technologist II with Det Norske Veritas (U.S.A.), Inc. DNV specializes in
corrosion control, corrosion monitoring, materials evaluation and selection, and design and
development of instrumentation and software.
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At DNV, Mr. Vermaaten is very experienced in on-site testing and support of internal corrosion
investigation. He has extensively performed on-site analysis of liquid, solid and sludge samples,
bacterial cultural testing, and sample preservation for further analysis in a laboratory setting.
Additionally, Mr. Vermaaten is the primary person responsible for coupon installation and
removal for the internal Corrosion group at DNV. In addition to installing and removing
coupons, Mr. Vermaaten has experience selecting locations for internal corrosion coupon
monitoring to be performed at natural gas production and storage fields. Mr. Vermaaten has also
provided support for Dry Gas Internal Corrosion Direct Assessment (DG-IDCA) programs
including, locating lines, Global Positioning System (GPS) and Depth of Cover (DOC) surveys
of pipelines, elevation profile mapping, and on site dig support.
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In addition to his work with internal corrosion, Mr. Vermaaten has also worked on external
corrosion projects, including reading test station for utility companies and gas transmission and
distribution systems. Mr. Vermaaten has performed Close Interval Surveys (CIS) on
approximately 80 miles of pipeline and DCVG surveys on approximately 10 miles of pipeline.
He has experience with reading over 100 rectifiers and has interrupted current sources on a
pipeline at least 50 times. As well, he has collected over 500 soil resistivity measurements.
Mr. Vermaaten has also helped in both CIS and DCVG on approximately 120 service lines on
the distribution side of natural gas delivery.
Education

B.S., Chemistry, The College of William and Mary, Williamsburg, Virginia, 2002
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Experience

Technologist II

Det Norske Veritas (U.S.A.), Inc.
(formerly DNV Columbus, Inc.)

Technologist

CC Technologies, Inc.

2008 – present
2004 – 2007

Dublin, Ohio
Research Lab Assistant

The College of William and Mary
Williamsburg, Virginia

2002
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Workshops and Short Courses
NACE Cathodic Protection Level 2 – Certified Cathodic Protection Technician #16012 (May
2008)
NACE Cathodic Protection Level 1 – Certified Cathodic Protection Tester #16012 (August 2007)
Appalachian Underground Corrosion Short Course (AUCSC) Technology Today (May 2007)

Appalachian Underground Corrosion Short Course (AUCSC) Intermediate Course (May 2005)
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NACE Internal Corrosion for Pipelines Certified Internal Corrosion Technologist #16012 (October
2005)
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APPENDIX 2 – TECHNOLOGIES
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In response to more stringent regulations initiated by the Department of Transportation - Office of
Pipeline Safety, an extensive development program for an improved Magnetic Flux Leakage (MFL)
pipeline inspection tool was initiated. Based on these programs, the MFL Inspection performance has
been significantly improved with both higher resolution and the ability to be deployed into pipelines
with interior linings. The data generated by the enhanced MFL technology is referred to as Extra High
Resolution (XHR).
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As it is implemented by EMTEK, XHR data is produced through a combination of (a) a more closely
controlled magnetic field, (b) sensors having a better ability to sense the magnetic perturbations caused
by pipeline defects, (c) a greater number of such sensors and (d) significantly higher sampling rates, all in
comparison to High Resolution (HR) inspection tools. Figure 1 shows data from EMTEK's 12-inch tool1.
Data is seen to be sensitive and defects are apparent. There is a quiet background that is disturbed only
by physical characteristics of the pipe and not by peculiarities of the tool. While problems such as scale,
sludge or debris will affect the signal, when a pipe is clean defects will appear clearly.

R

Figure 1. Defect Field
To illustrate differences between high resolution and extra high resolution data, a typical defect from an
older EMTEK HR tool is shown in Figure 2a. Figure 2b shows a similar defect (smaller but deeper) as
1

Defects shown are a 1/8" diameter pit 45% deep on the outside diameter at point A; 1/4" diameter pit 40% deep
outside at B; 3/8" diameter pit 43% deep outside at C; 1/2" diameter pit 53% deep outside at D; an oval-torectangular area approximately 1.9" by 1.5" with depth to 45% outside at E; 3/8" diameter pit 64% deep outside at F;
multiple 1/4" diameter pits with varying depth around 20% to 40% on the inside diameter at G; irregular area
approximately 1.25" by 0.5" with depth to 20% maximum inside at H; multiple 1/2" diameter pits 40% deep inside
at I; irregular area approximately 3/4" by 1/2" with depth to 15% maximum inside at J; and multiple 1" diameter pits
40% deep inside at K. There is a Victaulic pipe joint on the far right.
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seen by a current EMTEK XHR tool, with data directly from the tool but over a shorter period of time and
omitting every other channel to show the same number of channels as the HR data2. Both images
originated from digital data. The most obvious difference is the stronger signal strength and clearer
definition of the XHR signal. More subtle differences exist. The HR signal lacks the clarity of the XHR
signal and the lower number of data points does not provide the definition of the XHR traces. There is
significantly more data in the XHR signal while the background is only one or two bits in amplitude. This
comparison would have been shown more fully except that the HR digital data is not available; the view
presented was taken from an old EMTEK brochure and is not available digitally.
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In order to show the available detail in the XHR signal, the signal from Figure 2b is digitally amplified in
Figure 2c. This view emphasizes the individual data sample points. The spread of space between
successive digital data points can be seen, but the high sample rate still produces readily visible
continuity. It should also be noted that the background level is still only one or two bits high and the
undamaged pipe background shows very quiet data. To further emphasize the clarity (both quality and
quantity) of the available data, Figure 2d shows every sensor instead of only alternate sensors. The full
data set gives a far more descriptive view of the defect than HR data does and a detailed analysis of the
defect can be much more thorough.

2

This defect is another view of the defect at C in Figure 1.
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A key necessary feature of an XHR tool or a high quality HR tool is the ability to determine whether a
defect is located on the exterior or interior of the pipe wall. In the EMTEK system, a localized secondary
magnetic field is introduced into the interior pipe wall away from the primary magnetic field. This field
is too weak to penetrate through the wall and it will be affected only by defects on the inside of the
pipe. Secondary sensors that integrate across a section of the interior pipe circumference see
perturbations caused by interior defects but see nothing if defects are on the exterior. Unlike most
other tools, this system covers 100% of the pipe circumference. Output from these sensors is queried in
the presence of primary sensor indications to discriminate between interior and exterior defects. Figure
33 shows typical response from these sensors. Here, two adjacent primary heads passed two 1/4"
defects at G and a more extensive, irregular defect at J. The secondary sensors saw all three defects,
indicating that they are on the interior.
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Similarly, Figure 4 shows a head that passed an exterior defect at F, an interior defect at I and another at
K. The secondary sensor saw nothing at F indicating an exterior location. It saw the defects at I and at K
identifying their interior locations. The primary indication at G is signal spread from defects that are not
shown in this view.

3

Defect identities are taken from Figure 1. The offset between primary and secondary data occurs because the
sensors are separated from each other along the axis of the tool.
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A challenge in HR MFL pipeline inspection is differentiation between a single, continuous defect with a
large dimension that is critical in failure criteria such as ASME B31G and two or more adjacent defects
with smaller dimensions that are not critical due to their smaller extent, even though the depth is the
same. Typical HR data is often not sensitive enough to recognize the difference. To be sure, gradual
variations from one defect to another often make it difficult to determine boundaries between them
even when looking at the defect itself, but that situation is only aggravated when an inspection tool
provides an incomplete analytical view. EMTEK tools provide strikingly accurate data that gives a great
deal of information with which to make a determination. Continuous circumferential coverage
minimizes data interpolation from one sensor to the next and the high data sampling rate gives
unparalleled detail. As an example of the detail, a section of data from point G in Figure 1 is shown as a
contour plot in Figure 5. Most inspection tools would show these defects as fewer but larger areas,
effectively categorizing the defects as short and wide defects that might trigger mandatory repair
according to a criterion such as B31G. In fact, the defects are a series of small pits that show clearly in
the XHR data. The area actually has 11 defects that would not show individually with HR equipment.
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Routines have been established to scan the data automatically and to create a defect list ordered by
location or by defect characteristics as prescribed by the pipeline operator. Defect characteristics are
reported by signal properties and are then analyzed by computer. An analyst reviews the automated
analysis, adds any anomalies that are not automatically identified, may override computer results if he
determines the result to be incorrect and certifies reported results. The interpretation algorithm uses
the detailed signal characteristics from XHR data.
These characteristics are sufficiently refined to quantify the defect through application of the
interrelationships between defect dimensions and signal shape and strength. Amplitude of sensors over
the center of the defect is a primary indicator of defect depth. However, signal amplitude is affected
both by defect length and defect width as well as depth. Battelle has published work showing these
relationships that emphasize the fact that signal amplitude is not solely a function of defect depth, nor is
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it only related to depth and length4. Data adapted from this work (Figure 6) shows that all three
dimensions affect signal amplitude. XHR data such as that shown in Figure 7 provides the detail
required to include these effects. Variation in signal characteristics from sensor to sensor around the
circumference provides data for estimating defect width. The axial XHR signal shows classical MFL
characteristics including a negative dip before rising to a maximum and these characteristics allow
determination of defect length. With an estimate of defect length, width and depth available, the
portion of signal amplitude attributable to each dimension can be quantified and an iterative process is
used to refine estimated dimensions until the dimensions and signal characteristics agree. Of course,
the process is automated. A final manual review of critical defects is made as well.
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Data correlation and defect location are coordinated through a series of above ground markers.
Measuring only 5 1/2" x 3" x 2 1/2", their size belies their abilities. Placed at known points above the
pipeline or at locations that they identify themselves, they see and identify a passing pig and correlate
position through GPS corrected time. They recognize the pig through coded low frequency transmission
from the pig or through the magnetic field from the pig's magnets, with both systems operating
concurrently or through individual selection. They carry complete GPS receivers and antennas and
complete Bluetooth transceivers and antennas. They display readiness and the passing of a pig through
flashing codes at an externally visible LED. They communicate to more highly visible Bluetooth equipped
external flashers, alarms or radios. In typical operation, they see a pig pass, record the time and location
and report the data to the final record through a commercial pocket PC. With time correlation, all pig
4

Magnetic Flux Leakage (MFL) Technology for Natural Gas Pipeline Inspection, prepared by J.B. Nestleroth and
T.A Bubenik, Battelle, for The Gas Research Institute, February, 1999
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data is referenced to a known location. Moreover, as with the other components of the inspection
system, the markers use state-of-the art technology. They have onboard signal processing to distinguish
between the pig's transmitter and other noise in the 20 Hz range and also to distinguish between the
pig's magnets and stray magnetic fields. Response to other 20 Hz noise is greatly diminished and false
triggering on magnetic fields other than the pig's is reduced at least two orders of magnitude compared
to commercial tracking equipment. They hold data in processor memory as it is observed and capture
the data taken before a triggering event, producing a range of data before, after and including the event
to further ensure accurate pig passing identification.
With the combination of XHR data, the defect characterization process using interpretation routines
that require the refinement of XHR data and the resolution and accuracy of EMTEK above ground
markers, defects are characterized and located with results as shown in Figure 8.
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In summary, Extra High Resolution Magnetic Flux Leakage data represents a truly generational step in
intelligent pipeline inspection. It consists of both hardware and software developed through cutting
edge technology, better understanding of magnetic principles and unsurpassed detail. The full package
of inspection equipment, above ground markers and analytical capability is exclusive to EMTEK.
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Since 1993, Pure Technologies has been providing non-destructive testing and monitoring
technologies to better understand the condition of civil infrastructure.

A unique aspect of Pure is that the firm researches and develops new and innovative nondestructive testing and monitoring technologies for force mains and water mains. Pure owns
each of the technologies utilized and is intimately familiar with their capabilities and limitations.
Pure’s primary testing/monitoring technologies are the SoundPrint® acoustic monitoring
systems, the P-Wave® electromagnetic inspection technique and the SmartBall® leak detection
technology.
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Leak Detection

SmartBall
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SmartBall is a platform for free-swimming inline surveys of large diameter water and wastewater
pipelines. Surveys are conducted under live operating conditions, providing condition
information without any disruptions to service. Over 2,000 miles of pipeline have been
inspected with SmartBall, with hundreds of leaks and gas pockets identified.
SmartBall Surveys detect leaks and pockets of trapped gas in
pipelines. This proven technology has been used in the recovery of
an estimated 120 million gallons / day of real water loss. Clients
have reported accuracy rates of >99%, with leak locations typically
reported within 18-inches.

Sahara
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Sahara® is a platform for tethered inline surveys of large diameter water and wastewater
pipelines. Surveys are conducted under live operating conditions, providing condition
information without any disruptions to service. Over 1,500 miles of pipeline have been
inspected with Sahara, with thousands of leaks pinpointed, and hundreds of gas pockets and
visible pipeline defects identified. Three types of surveys are available on the Sahara platform.
Sahara Leak Location detects leaks and pockets of trapped gas
in pipelines. Operating since 1997, this proven technology has
been used in the recovery of an estimated 120 million gallons/
day of real water loss. Clients have reported accuracy rates of
>99%, with leak locations typically reported within 18-inches.
Sahara Video provides visual inspection of large diameter water
pipelines while they remain in service. This tethered CCTV and
lighting system has been used by dozens of utilities to investigate
features such as line valves, joint repairs, and illegal taps, and for
cursory visual assessment of pipe wall conditions.

Remote Field Eddy Current (RFEC)
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Considered the “gold standard” of metallic pipeline assessment, RFEC inspections identify
regions of wall thickness loss along full stretches of a pipeline. The Remote Field refers to a
signal that exits the pipe, travels some distance outside the pipe, and is then detected after
returning back into the pipe. This signal collects information about the pipe wall each time it
passes through, and dominates the direct field with a sensor separation of 2 to 3 pipe diameters.
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Figure 3 – RFEC Technology on PipeDiver Platform

Pure Technologies RFTC/RFEC Platforms
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PipeDiver™ is a free-swimming tool that can inspect long
stretches of pipe while it remains in service. It can be inserted and
retrieved at reservoirs, open channels, or through gate valves using
specialized launch and retrieval apparatus, with intervals of over
10 miles often coverable in a single survey.
PureRobotics™ is a multi-sensor robotic inspection platform that
can collect a broad range of data in a single survey, including
RFTC, RFEC, P-Wave electromagnetic, SONAR, laser profiling,
and high quality closed circuit television (CCTV), giving you all
the data you need to assess your pipelines.
Manned Inspections allow for internal visual and sounding data
to be collected on a de-watered pipeline, with the RFTC system
either pulled through on an inspection cart or mounted on cycling
vehicle.
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APPENDIX 3 – INSURANCE
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APPENDIX 4 – EMTEK SAMPLE REPORT
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APPENDIX 5 – SCHEDULE
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APPENDIX 6 – SKETCHES

