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EXECUTIVE SUMMARY

HDPE pipes used in CDOT drainage systems are expected to have a 50-year design life. Some HDPE pipes
installed on CDOT projects have failed due to shallow cover, moving and static loads (from construction
equipment), and disturbances in or near the pipe trenches. CDOT’s experience with failed HDPE pipes has
led to uncertainty regarding the cost effectiveness of using this material. During the T-Rex project in 2003,
a number of HDPE pipes were installed with shallow cover. Later, the majority of these pipes had to be
removed and replaced after they were damaged by construction equipment driving over installed pipes,
and excavations occurring near installed pipes.

In this study, the performance of HDPE pipes under CDOT highways was investigated by: an extensive
literature review; field studies utilizing manual inspection, CCTV video inspection, and laser-ring profiling
technology; and, by observing a CDOT HDPE pipe-installation project. Since CDOT has a limited number of
such sites, a literature search was conducted to determine if cities and counties within Colorado or other
state DOTs have evaluated the performance of HDPE pipes in climate zones, terrain, and construction-
zone conditions similar to those found in Colorado.

In Chapter 1 of this report, the objectives of the study and methodologies to achieve those objectives are
presented. Chapter 2 presents results of an extensive literature review covering various aspects of HDPE
problems. Methodology, including the equipment and procedures used in conducting field inspections, is
described in Chapter 3. Field-data collection and measurement results are presented in Chapter 4, and
results of data analysis are discussed in Chapter 5.

In general, review of other DOTs’ experiences revealed that most have encountered HDPE performance
problems in the form of excess deformation (greater than 5%). That review also has shown that structural
integrity of the installed HDPE pipelines tested by various DOTs generally is below acceptable levels of
serviceability. The review also determined that not adhering to strictly-enforced HDPE pipe installation
procedures was the cause of many performance problems.

Field inspections carried out for this research project were limited in scope. However, laser-ring profiling
of 5 HDPE pipes in 2016 near Colorado Springs confirmed a trend for progression of pipe deformation
through time under shallow-cover conditions. After 4 years of operation, 3 of the 5 pipes experienced 5%
deflection. HDPE pipe segments observed by CCTV video monitoring along the T-Rex Project site had in
excess of 10 feet of cover. These pipes did not show any visible deformations, but they could not be laser-
ring profiled due to the amount of debris in the system. The study recommends that these pipes be
cleaned and fully inspected.

In Colorado, due to the limited number of HDPE pipe installations which have been in operation for more
than 15 years, further laser-ring profiling of pipes is needed to evaluate their long-term performance. In
general, it is recommended that all previous monitoring points established on prior research projects be
measured and evaluated for long-term hydraulic and structural performance. Studies by Kentucky, Ohio,
Missouri, South Carolina transportation departments and others demonstrated the difficulty in achieving
problem-free installations of HDPE pipes, and that the pipes do not always perform in accordance with
idealized, theoretical results. Significant-to-severe deflections, corrugation “growth,” crown and invert
flattening, racking, sagging, and radial cracking have been observed in pipe sections in numerous test
cases.

Experiences by other DOTs demonstrate that not adhering to strictly-enforced installation procedures was
the cause of some performance issues. A typical installation of an HDPE pipeline observed as part of this
study showed that standards for trench width, depth, and cover were not being followed. It is
recommended that these standards be strictly enforced.
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IMPLEMENTATION RECOMMENDATIONS

Review of the experiences of other states’ DOTs, conducted as part of this study, found that most DOTs
have encountered HDPE performance issues in the form of excess deformation (greater than 5%). It is
apparent that structural integrity of the installed HDPE pipelines which were tested by Texas DOT and
other DOTs is generally below acceptable levels of serviceability.

The field inspections carried out for this research project were limited in scope. However, laser-ring
profiling of 5 HDPE pipes inspected in 2016 near Colorado Springs confirmed a trend for progression of
pipe deformation through time under shallow-cover conditions. After 4 years of operation, 3 of the 5 pipes
experienced 5% deflection. HDPE pipe segments observed by CCTV video monitoring along the T-Rex
Project site had in excess of 10 feet of cover. These pipes did not show any visible deformation, but they
could not be laser-ring profiled due to the amount of debris in the system. It is recommended that the
pipes be cleaned and fully inspected.

In order to assess the long-term performance of CDOT HDPE pipe installations, and to minimize excess
deformation issues, application and acceptance of laser-ring technology used by Florida, Ohio, Kentucky,
California and other state DOTs is recommended. This technology allows accurate measurement of
deformation which in the long term results in severe deflection, corrugation “growth,” crown and invert
flattening, racking, sagging, and radial cracks.

For existing HDPE installations, laser-ring profiling accomplished through periodic inspections is
recommended for a more accurate assessment and record keeping of pipe performance.

Experiences by other DOTs revealed that not adhering to strictly-enforced installation procedures was the
cause of some performance issues. A typical installation of an HDPE pipeline observed as part of this study
showed that trench width, depth, and cover standards were not being followed. It is recommended that
these standards be strictly enforced.
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1. INTRODUCTION

1.1 BACKGROUND

Some high-density polyethylene (HDPE) pipes used on CDOT projects have failed due to shallow cover,
moving and static loads (construction equipment), and disturbances in or near the pipe trenches. It is
assumed that HDPE pipes used in CDOT drainage systems will have a 50-year service life. In addition to
existing corrosion and abrasion guidelines, CDOT must develop new guidelines to determine how and
where HDPE pipes may be safely installed. The performance of buried HDPE pipes is influenced by earth
loads, vehicle (live) loads, backfill materials, trench dimensions, backfilling compaction, and in-situ soils.
For corrugated HDPE pipes, the failure mechanisms are ductile failure due to high stresses, brittle cracking
due to intermediate stress levels, and corrosion cracking caused by low stress levels.

In order to evaluate the performance of HDPE pipe with regard to site conditions, a research study was
conducted to investigate sites where HDPE pipe has been used in Colorado. Since CDOT has a limited
number of such sites, the team conducted a literature search to determine if other cities and counties
within Colorado, and other state DOTs have evaluated the performance of HDPE pipes in climate zones,
and terrain and construction-zone conditions similar to those found in Colorado.

Figures 1 and 2. Typical HDPE installation project in Colorado

1.2 PROBLEM STATEMENT

In accordance with SAFETEA-LU, the CDOT Pipe-Selection Policy requires consideration of HDPE pipes for
cross drains, side drains, and subsurface drains. Currently, any pipe that meets the corrosion and abrasion
criteria in this policy, and is installed per the plans and specifications, is assumed to have a 50-year service
life. However, there is uncertainty regarding the cost effectiveness of using HDPE pipes based on CDOT'’s
experience with failed HDPE pipes. During the T-Rex project in 2003, a number of HDPE pipes were
installed with shallow cover. Later the pipes had to be removed and replaced after they were damaged
by construction equipment running over installed pipes, and excavations occurring near installed pipes.

11
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Figure 3. CDOT's T-Rex project in Denver, Colorado

HDPE pipes have been used successfully in some states, but in Colorado designers must consider extremes
of climate and terrain in addition to construction practices. There is insufficient information regarding
local performance of HDPE pipes. In particular, there is a lack of information that correlates construction
practices, depth of cover, and trench configuration with cracking of HDPE pipes.

1.3 OBIJECTIVES
The objectives of this research study were:

e Determine performance of HDPE pipes for use under roadways and other facilities
* Inspection of existing HDPE pipes currently utilized by CDOT
® Accurate data collection and verification using various methods:
- Information from routine past maintenance inspections
- Physical investigation of potential damage or failure (larger pipes)
- Physical measurements of pipe diameter (H:V:D) and potential joint separation
- CCTV video investigation of all joints and pipe-wall lengths

- Laser-ring and video investigation and analysis

Figure 4. Manual inspection of HDPE pipes

12
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1.4 RESEARCH TASKS

The tasks delineated by CDOT for this research project included:

Task 1 - perform a literature review to determine if there has been similar research that will aid
CDOT;

Task 2 - conduct a national survey of state DOTs to determine if other states have had similar
problems;

Task 3 - prepare the field-work plan;

Task 4 - inform personnel from traffic, maintenance, residencies, and HQ about field activities and
visits at least three weeks in advance;

Task 5 - field inspection of all HDPE pipes by laser-ring method (the preferred method of
inspection), and/or other applicable methodologies commonly used by CDOT and other state
transportation agencies;

Task 6 - analyze data collected in above tasks; and

Task 7 - submit draft and final reports addressing findings of the study.

1.5 STUDY BENEFITS

Benefits of this study include:

Improved design methodologies

Updated materials specifications

Improved construction techniques

Improved maintenance and inspection practices

Updated information to incorporate into CDOT’s Drainage Design Manual
Potential cost savings

Prevention of failures of HDPE pipes

Figure 5. HDPE pipes with metal outlets across Interstate 25

13
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2. CURRENT METHODOLOGIES REVIEW AND LITERATURE SURVEY

This report contains a bibliography from a comprehensive literature survey, including library searches and
surveys of CDOT and other state DOTSs, in the List of References. This survey has shown that, in general,
literature on HDPE pipes can be classified under several broad categories:

¢ Modeling of HDPE pipes to determine structural strength and deformation under different soil
and burial conditions. This information was derived from:

- Laboratory and field experiments to determine structural properties of HDPE materials under
different soil and loading conditions

- Numerical modeling of stress fields around HDPE pipes under different soil properties
e Performance of HDPE pipes under fire conditions
® Pipe material-selection studies

® Performance of HDPE pipes in highway applications

Information from the literature review is presented in the following sections.

2.1 MODELING OF HDPE PIPES FOR STRUCTURAL PROPERTIES

Performance of HDPE pipes under deep-burial conditions has been the subject of numerous studies, both
numerically and experimentally. Among the large-scale experimental studies, the Sargand et al. (2000)
study was conducted to determine the performance of larger HDPE pipes under deep-soil cover using
42-in pipes. The burial depths used in the experiments were 20 ft and 40 ft. In the experiments, HDPE
pipes with three different wall profiles were studied. These profiles were smooth-wall (PVC), corrugated
(PVC and HDPE), and honey-comb (HDPE). After approximately 2 years of field-data collection, it was
noted that all pipes were functioning satisfactorily. No pipe had more deformation than 2.5% vertically,
and 1% horizontally.

In a different study, Sargand et al. (2009) examined the performance of HDPE pipes under deep-burial
conditions after 20 years of operation. In the study entitled “Pennsylvania Thermoplastic Pipe Deep-Burial
Project: 20th-Year Investigations,” 24-in diameter corrugated HDPE pipe under 100-ft burial were
examined. The pipe under study was located on | 279 near Pittsburgh, on the 20-year anniversary of the
research project. Visual inspections along with an in-situ pipe-drilling experiment found that the pipe-
drilling-induced strains in the pipe wall completely dissipated within 5 seconds. During a 2002 inspection,
cracking was observed on one of the joints. However, these cracks did not seem to have increased
substantially during the 2007 inspection (buried under 70 ft). Measurements showed that the horizontal
deflection changed only by 0.3% over a period of 17 years, and the vertical deflection changed only by
0.2% over a period of 18 years.

Tafreshi and Khalaj (2007) studied structural properties of HDPE pipes in a controlled, laboratory
environment. In the study entitled “Laboratory Test of Small-Diameter HDPE Pipes Buried in Reinforced
Sand Under Repeated Load,” Tafreshi and Khalaj applied loads to simulate the axle load of a 18,000 kg
truck over two pairs of twin wheels. This load translates to 8.5 kg/cm?. Without 5 cm of rigid asphalt, the
maximum applied load was reduced to 5.5 kg/cm?. Their conclusions were:

14
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For all tests, the larger portion of deformation of the pipe and settlement of soil surface happened
at the end of the first pulse, compared with its total deformation due to a number of load cycles.
The ratio of deformation of the pipe from the first to the last cycle changed from 0.5 to 0.9 in
different tests.

The rate of pipe deformation decreases significantly as the number of loading cycles increases.
Consequently, a steady-response condition is achieved as the number of further cycles of loading
reaches approximatley 140 cycles.

The optimum length of geogrid is approximately 4-5 times the pipe diameter. The optimum
embedded depth of the first reinforced layer is approximately 0.35 times the loading-surface
width.

Both the percent vertical-diameter change and settlement of soil surface of the pipe decrease
with increased relative density of soil.

The geogrid-reinforced sand decreased the pipe deformation and settlement of the soil surface
significantly. Also, the performance of geogrid-reinforced loose soil is greater than unreinforced
medium or dense soil.

The vertical-diameter change of a pipe decreases, and settlement of the soil surface increases as
the embedment depth of the pipe increases.

The maximum deformation of the buried pipe is reduced approximately 54% by using 3 layers of
reinforcement and an embedment depth of 3 times the external pipe diameter. This is based on
a pipe-strain reduction factor, PDRF, of 0.46 for loose sand. The deformation is reduced by
approximately 40% for dense sand using a PRDF of 0.6.

The maximum settlement reduction due to five layers of reinforcement and the embedment
depth of 3D reached approximately 58% for loose sand, and 51% for dense sand.

In all tests performed on embedded pipes in weakly-compacted sand (relative loose state), and
for embedment depth of the pipe below 2.5 times the external pipe diameter, the value of vertical
diameter change was greater than 5%, regardless of the number of reinforced layers. Based on
the accepted limit of 5% for vertical-diameter change, in this case the failure of the pipe occurred
due to large deformation of the pipe, together with excessive settlement of the ground surface.
For this relative density, the safety of the pipe is provided by embedment depth, and using the
number of reinforced layers equal to 3 times the external pipe diameter. Leaving the surrounding
soil uncompacted may result in serious damages to pipes during repeated loads.

The pipe in medium-dense and dense sand with sufficient embedment depth of the pipe and a
number of reinforced layers remained mostly undamaged at the time of the failure, which
happened due to excessive settlement of the soil surface.

In a separate study, Kang et al. (2009) investigated short-term and long-term behavior of buried,
corrugated, high-density polyethylene (HDPE) pipes using the finite-element method and soil models.
Equations for deflections, wall stresses, arching factors, etc., were derived using soil-structure models and

externally introduced into the numerical finite-element-method model. The main objective of the study
was to investigate the considerable differences in the mechanics of short-term and long-term
performance of buried HDPE pipes. The study found that while earth loads were significantly affected by
time-dependent material properties and interface conditions, the deflections were not significantly
affected by these factors.

15



Evaluation and Performance of HDPE Pipes under CDOT Highways

2.2 HDPE FIRE HAZARD

It is documented in numerous field observations that HDPE pipes are subject to a fire hazard during ditch-
burning operations. In a study by the Florida DOT, Kessler and Powers (1994) investigated HDPE fire risks.
In their “High Density Polyethylene Pipe-Fire Risk Evaluation” study, Kessler and Powers examined recent
concerns related to flammability of HDPE pipes. Under FDOT standards, it was shown that there was no
significant risk from fire to HDPE pipes, and that the heat gain in pipes was not sufficient to cause softening
or weakening of the pipe. The expected burn rate was found to be very low (1.7 ft/hr). The pipe
manufacturer’s claim that there is insufficient oxygen within a pipe to support a fire was not confirmed.

2.3 PIPE MATERIAL-SELECTION STUDIES

Numerous studies in the extended literature are devoted to pipe-material-selection guidelines developed
by various DOTs. As part of these studies, HDPE pipe was investigated for appropriate applications. An
extensive review of these studies is summarized in Molinas and Mommandi (2009); NCHRP Synthesis
Report 254, “Service Life of Drainage Pipe,” 1998; and, NCHRP Synthesis 474, “Service Life of Culverts,”
2015.

2.4 EVALUATION OF HDPE PIPE PERFORMANCE

The Blackwell and Yin (2002) study for the Missouri Department of Transportation investigated the
installation and initial performance of two 60-in ADS HDPE pipes. This deflection/performance study
examined how two large HDPE pipes with the same diameter performed when placed under crossroads
with different installation procedures. Pipe 1 had only 4 in of bedding and a lower compaction than
Pipe 2. Neither pipe installation met Missouri DOT standards. However, Pipe 2 was considered to have a
better installation than Pipe 1, and was found to have far less deflection. The study determined that
deflection over time increased for both pipes. Pipe 1 started at a maximum of 4.6% deflection, and after
26 months the deflection increased to 8.2%. There was less installation data for Pipe 2, but it ultimately
experienced 5% (maximum allowable) deflection. The study showed how installation procedures
influence immediate and long-term performance and deflection of pipes.

The Gassman et al. (2000) study entitled “Performance Evaluation of HDPE Culvert Pipes” inspected 45
HDPE pipes in South Carolina. Methods included both a mandrel set to 5% deflection, and visual
inspections using a video camera. From these tests it was found that 36% of pipes inspected had
circumferential cracks, localized bulges, tears or punctures, or deflections greater than 5% with the
following details:

e 18% of the pipes had circumferential cracks

® 20% had localized bulges

® 7% had tears or punctures

® 20% had deflections greater than 5%
Of these results, Gassman et al. attributed most of the issues to poor construction techniques or incorrect
backfill materials.

®  40% of the pipes backfilled with Class 4 soils did not pass the mandrel test

®  Only 12% with Class 2 did not pass the mandrel test

e  (Class 3 backfill had no failed tests
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e All pipe end damage was attributed to installation practices, mowers, and vehicle loads

Evaluation of HDPE Pipe Performance on Kentucky DOT and Ohio DOT Construction Projects was studied
independently by Pipeline and Drainage Consultants (2005), utilizing visual observation through video
inspections and laser-ring technology. For the Kentucky DOT projects, 7 installations were evaluated. The
key findings of the study were:

¢ The average-maximum recorded corrugation in originally smooth-walled pipes was 0.5 in. As a
result, it is suggested that the Manning's n may be more than two times higher (0.024) than the
manufacturer’s suggested value of 0.010.

e The authors were uncertain about how cracking affected the pipe structurally. However, it was
observed that it caused problems when the inner liner pushed up and caught debris. Radial
cracking was observed in approximately 20% of pipe sections.

e Sagging and ponding were observed in 26% of pipe sections.
e The majority of the pipes would fail a 5%-deflection test, and most pipes also would fail a 10%-
deflection test.

Recommendations for the Kentucky DOT were:

®  Further monitoring should be conducted.

® Post-installation deflection and video inspection should be required.

e Deflection should be limited to a maximum of 5%, with the anticipation of some post-construction
creep.

Thirteen installations were evaluated for the Ohio DOT projects. The key findings of the study were:

e The maximum-recorded corrugation depth was 0.56 inch, with a typical average depth of
approximately 0.39 inch. These pipes had a manufacturer’s-suggested Manning's n value of 0.012.
A typical corrugated metal pipe with 0.5 inch corrugations has Manning's n of 0.022.

e Of the cross drains that were inspected, cracking had increased by a factor of 4-7 since 2001.

e Several types of cracks were observed, including: radial cracks in the inner wall of the liner;
cracking of dimpled areas; cracking in flattened inverts; longitudinal cracking in the crown in
heavily-deflected areas; diagonal cracking in buckled wall sections; and, cracking in inverts
resulting from bulges caused by improper bedding.

¢ The majority of the pipes would fail a 5%-deflection test, and most pipes also would fail a 10%-
deflection test.

Recommendations from the Ohio DOT were:

®  Further monitoring of HDPE pipe installations should be conducted.

e Post-installation video inspection and deflection testing should be required for quality control and
quality assurance.

e Deflection should be limited to 5%, with the anticipation of some post-construction creep.

e All monitoring points established on a previous research project should be measured and
evaluated for long-term performance.
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Specifications should ensure that correct bedding and backfill requirements, proper densities, and
proper compaction efforts are achieved as outlined in ASTM D 2321 and AASHTO Section 30.

A uniform pipe assessment/inspection program should be adopted for quality control and for
long-term performance monitoring.

A quality control / quality assurance inspection program should be established for all drainage
materials and structures.

Video inspection and laser profiling should be evaluated for adoption into the ODOT specification
for quality control and quality assurance.

More recently, Abolmaali et al. (2010), University of Texas at Arlington, conducted a comprehensive study
entitled “Evaluation of HDPE Pipelines’ Structural Performance.” As part of this study, 61 sites in 10 states
were analyzed, utilizing visual observation through video inspections and laser-ring technology. In their
study, Abolmaali et al. identified six structural-failure modes. They are:

Cracking/fracture failure (fracture, rip, and rupture), where cracks may be in either longitudinal,
diagonal, or radial directions

Excessive-deformation failure — the common limit of 5% was adopted for indicating excessive
deformation

Inverse-curvature failure due to buckling phenomena, which creates inverse curvature from
excessive loads on the pipe

Joint-displacement failure, where excessive joint displacement results in a gap between two
adjacent pipe segments

Corrugation-growth failure, where plastic deformation of pipes’ interior liners due to the transfer
of stress from the outer to the inner wall causes waviness of the interior pipe surface

Buckling failure, which results in deformation due to large circumferential stresses, and causes
radial wavy surfaces of the pipe

The recommendations from the University of Texas at Arlington study were:

Due to the different and multiple modes of failure experienced by the pipes identified in the study,
it is evident that the knowledge of the long-term performance properties of HDPE pipes subjected
to diverse service load is limited. Further studies are needed to identify HDPE's long-term
properties in order to avoid the unexpected failures observed in that study.

Since 100% of the pipes experienced corrugation growth, a comprehensive study should be
conducted to establish post-installation Manning’s n values.

Since 69% of the pipes tested experienced an excessive-deformation mode of failure (as high as
34% deformation), the long-term stiffness properties of HDPE pipes should be investigated.

The progressive-failure characteristics of HDPE pipes should be investigated in order to identify
the causes of multiple failure modes in most of the pipes investigated.
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3. METHODOLOGY

In this section, the methodology followed in HDPE pipe inspections is presented and discussed. First, field-
inspection methodologies are presented. Next, the advantages of laser-ring technology are discussed.

3.1 FIELD-INSPECTION METHODOLOGIES

The four commonly-used methods of HDPE pipe inspections are:
Mandrel Inspection (used commonly for new pipe installations)

Mandrels (Figures 6 and 7), which are sized physically to stop at any deflection or ovality exceeding design
tolerance in a pipe, are pulled through pipes.

Figure 6. Typical mandrel Figure 7. Mandrel being pulled through a culvert pipe

Manual Inspection (when possible)

Visual inspections are used to determine locations and extents of potential problems. Physical
measurements are made at specific pipe locations to record:

e Deflections
® Joint separation

e Extent of deterioration or puncture of pipe walls
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Figure 8. Personnel conducting visual inspection Figure 9. Observed pipe failure detected through
and recording physical attributes visual inspection

Video Inspection (CCTV or other)

Inspections using closed-circuit television (CCTV) or other video-recording methods are frequently
performed. For video inspections in this study a CUES K2 portable CCTV system, coupled with a P&T zoom
camera, steerable Pipe Ranger camera transporter, a wheeled dolly with a 500-ft Gold M/CTV cable, wired
and wireless controllers, and DVR-SD digital recording were used. CCTV inspection has the following
advantages:

® Provides a thorough inspection of pipe walls, joints, and potential deterioration of pipe material
e Provides a historical record of the condition of the pipe to determine performance over time
® Can be used on the majority of sizes and materials of pipes

® Inspecting with video is particularly effecitve when coupled with manual inspection and
measurements

m
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Figure 10. CCTV inspection of an HDPE pipe under Figure 21. CCTV inspection of an HDPE pipe
CDOT T-Rex project under CDOT T-Rex project
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Laser-Ring Inspection in Conjunction with CCTV Operation

The laser-ring profiler is a tool for use with a CCTV survey system and camera to collect survey data
containing measurements of faults and other features inside a pipeline. The data obtained includes
measurements of pipe size, laterals, and water levels, as well as automatic analysis of pipe ovality and
capacity up to 30 times a second. With this technology a ring of laser light is projected onto the internal
pipe surface. The laser image is in the field of view of a camera as the camera moves through the pipe and
a video recording is made. Analysis is performed on the ring of light using Laser Profiler software to build
a digital pipe profile. The technology is for use live or with pre-recorded video (tape, CD, or DVD). For the
present study, a CUES laser profiling and measurement system with a six-head laser, skid assemblies, laser
profiler, and measurement software was used.

Figure 32. Laser-ring profiler with a skid system

3.2 BENEFITS OF LASER-RING INSPECTION

Benefits of laser-ring inspections include:

® Provides the ability to measure:
- Pipe length
- Pipe diameter (360°)
- Deviations in pipe diameter (deflections) along the pipe length
- Locations of pipe joints
® Provides the ability to inspect all sizes of common highway pipes
e Relatively-quick inspection times, improving the efficiency of inspections
e Minimal field calibrations are required for analysis

e Provides a detailed analysis with data and reports on the condition of the pipe
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e Equipment can be operated with relatively minimal training

® Analysis only requires knowledge of common issues with pipes and how they correlate with the
resulting data

e Provides the ability to monitor pipe performance and deterioration over time to help prevent pipe
failure

2022/12/05
13:20:05

Figure 43. Typical laser ring projected onto the internal surface of failed pipe

2022/12/05
17:19:48

Figure 14. Setting up for laser-ring equipment inside an HDPE pipe under I-25
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2022/12/05
16:58:22

Figure 55. Close-up of a separated joint using CCTV recording
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(2.6%) are due to the laser skid and/or the camera tilting on the weld at the joint. Spikes can also occur due to the loss of laser
light at the joint.

Figure 66. Reported output from Laser Profiler software

Figure 17. Reported output from Laser Profiler
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3.3 LASER-RING INSPECTION CONCEPT
Camera Unit

¢ The camera unit consists of a robotic trolley with a mounted, rotatable CCTV camera.

The trolley is connected to the video display system via a strong cable, with the CCTV cabling
running parallel to it.

The video-display system is attached to a winch system that sends cable release and retract
lengths for the purpose of determining the location of the camera with respect to the pipe length.

e The camera trolley can be operated at variable speeds.

Figure 19. Remote video display and recording system
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Laser-Ring Unit

The laser-ring unit consists of a sled of variable sizes for different pipes, with an attached 360°
ring laser and battery.

The laser-ring sled is attached to the camera unit via rope or cabling, and is pulled behind the
camera unit at a slow speed.

The laser-ring calibration is conducted after the pipe inspection, and consists of setting the laser
behind the camera unit at the same distance used during inspection.

A measuring device (meter/yard stick) is then held horizontally on top of the laser while the
camera is recording. This provides distance measurements that will correlate to pixel distance of
the video.

Inspection Process

Manual inspections, photographs, and measurements of diameter and damage should always be
completed if possible.

Initially, the camera unit is sent through the pipe being inspected to video all joints and pipe walls
for visual inspection.

The laser unit (sled) is then attached to the camera unit on the other end of the pipe.
A 360° laser ring is emitted onto the internal surface of the pipe.

The laser unit and camera should sit horizontally, parallel to the pipe to provide video of the
“perfect circle” of the laser. The projected laser ring should stay perpendicular to the angle of the
camera.

Minor debris accumulation in the pipe (sediment, leaves, etc.) should have minimal impact on the
accuracy of the analysis.

Major debris may either prevent passage through the pipe, or may cause errors in the results.
Major debris should be cleared from the pipe if possible.

If the laser and camera are separate units, the laser unit sits behind the camera unit within view
of the camera at a distance of roughly 2 to 3 times the pipe diameter.

Once the laser has been set at the appropriate distance, the pipe ends should be covered to
eliminate as much light as possible. This allows the camera to record the laser light as clearly as
possible.

The camera-unit trolley then records the laser as it is pulled back through the pipe.
A slow speed works best for collecting accurate data.

With a system where the laser and camera are separate units, data may not be able to be collected
towards the end of the pipe due to the distance between the camera and the laser.

Once the inspection is complete the calibration is conducted.
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Figure 20. Calibration of laser-ring device
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Figure 21. Calibration of laser-ring device
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Figure 22. Recorded video imagery along with location and other pertinent information
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Figure 7. Recorded video imagery with location information under CDOT’s T-Rex project
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Figure 25. Laser ring reflected on the pipe surface under Interstate 25 at Fountain Creek
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4. FIELD-DATA COLLECTION

4.1 HDPE PIPE INSTALLATION AND TRENCH-DIMENSIONS DATA

As a part of the HDPE pipe-performance study, a field trip to CDOT Region 3, Grand Junction, Colorado,
was conducted to observe one of the stages of a 3,000-ft HDPE pipe installation. Figures 26 through 32
show the observed stages of a typical CDOT HDPE pipe installation for trench width, depth, and material
placement.

Figure 27.8 Preparation for the installation of a 3,000-ft HDPE pipeline
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Figure 29. Trench dimensions for HDPE pipe installation
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Figure 31. HDPE pipe installation
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4.2 HDPE PIPE PERFORMANCE INSPECTIONS

Two sites were selected for pipe-performance inspections. The first site was on Interstate 25 near
Colorado Springs, in CDOT Region 2 (Figure 32). This site offered a close proximity to eight 48-inch HDPE
cross culverts, and had easy access for the CCTV equipment. The site was also desirable since in 2013 a
laser-ring pipe inspection had been performed to document the initial pipeline properties. The pipes along
the inspection site had minimal cover (approximately 12 inches). However, they had been fortified using
a spiral steel belt.

Figure 32. Pipe inspection site near Colorado Springs, CDOT Region 2

The second HDPE performance test section was along the CDOT’s T-Rex project site in Denver. To locate
HDPE pipes along T-Rex was challenging since, due to complaints about their performance, they had been
removed from a majority of the drainage lines along the project. Figures 33 and 34 provide the site
information of the I-25 segment selected for the inspections. As shown in these figures, the HDPE pipe
drainage lines are located in the shoulder region of the Interstate 25 highway and are buried 11 ft. As
such, they do not carry heavy, cyclic highway traffic (the reason they were left in place).
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Figure 34. Location of pipe-inspection site along T-Rex project
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Figure 35. Motorized robot carrying CCTV entering HDPE pipe near
Colorado Springs, CDOT Region 2

Figure 3610. Motorized robot carrying
CCTV entering HDPE pipe along T-Rex
Project site on I-25
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Figure 37. CDOT Maintenance providing access to T-Rex HDPE site

Figure 38. CDOT Maintenance providing access to T-Rex HDPE site
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Figure 39. CDOT Maintenance crew
providing access to T-Rex HDPE site

Figure 40. CDOT Maintenance crew
providing access to T-Rex HDPE site
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5. DATA ANALYSIS

5.1 FIELD-DATA COLLECTION RESULTS

5.1.1 T-Rex Area Pipes on I-25

A section of I-25 near the Quincy overpass was coned off on December 5, 2016 to conduct a performance
inspection of the HDPE storm drains in the area. Several factors limited the amount of pipe that could be
inspected, including difficulties in removing the bolts attaching the grates on the drop inlets, and removing
the grates themselves. Also, heavy loads of sediment were in the inverts of the pipes. The inspection was
limited to approximately 182 ft of estimated 36-inch HDPE. The pipe was inspected with a Cues robotic
pipeline-inspection system. Figures 42 and 43 present photos from a CCTV inspection of HDPE pipes along
CDOT's T-REX Project site and show the heavy loads of sediment. As stated above, this section of the
drainage pipeline lies on the shoulder region of I-25 and therefore is not subject to heavy cyclic loading.
The pipeline is buried 11 ft below the highway pavement and appeared to be sagging in areas. The overall
shape of the structure appeared to be round, and the joints appeared to be performing as expected. A
laser profile could not be conducted due to the amount of debris in the system. Some of the adjacent
pipes coming into the two drop inlets were observed and appeared to be performing satisfactorily. It is
recommend that the pipes be cleaned and fully inspected.

Figure 111. CCTV inspection of T-Rex HDPE pipes
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Project Name: I-25 Denver

Date: 12/5/2016

Pipe ID:

Asset Location:

Start |D: Drop Inlet

Length Surveyed: 183.2 End ID: Drop Inlet

Run Number:

Direction: Downstream

Pipe Size: 36 Pipe Type: HDPE
Distance Fault Observation
0.0 Start Inspectian
37.0 Heavy Debris in Invert
56.8 View down barrel
90.0 Debris in invert
120.2 View down barrel

Figure 42. Photos from CCTV inspection of HDPE pipes along CDOT's T-REX project site
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Distance Fault Observation Picture
154.9 View down barrel
169.5 Debris coming into drop inlet
183.2 Drop Inlet
183.2 End Inspection

Figure 43. Photos from CCTV inspection of HDPE pipes along CDOT's T-REX project site
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5.1.2 Fountain Colorado Pipes

Along I-25 near Colorado Springs in CDOT Region 2 a total of 5 pipes were video and laser profiled on
September 30, 2013 and December 5, 2016. Also, a manual inspection was conducted on three additional
pipes during the 2016 inspection. In 2013 a straight line, non-pan-and-tilt, portable camera unit was
utilized for the inspection. In 2016 a robotic pan-and-tilt camera was utilized.

Table 1 presents the summary results of laser-ring profiling near Colorado Springs, CDOT Region 2 in a
comparative analysis with 2013 measurements (Table 2). The 5 pipes inspected in 2016 had been
previously inspected in 2013 after their installation, and provide insight into the development of
deformation in HDPE pipes. As shown in the last column of Table 1, none of the pipes under study had
exceeded the 5% deflection in 2013. After 4 years of operation, however, 3 of the 5 pipes had reached 5%
deflection. It is recommended that these pipes be inspected in the future to ensure that their performance
does not deteriorate.

Table 1. Summary results of laser-ring profiling near Colorado Springs, CDOT Region 2

Location: Fountain Colarado

Route: |-25 : Deflection data was gathered at a frame rate of
Pipe Use: Culvert/Cross Drain M approximately 1 frame per every 0.1 ft. With 180

, . ! measurements taken per frame of video. Total readings
Date Inspected: 9/30/13 (Red per pipe section ranged from approximately 712,000 to
indicating potential changes in 770,000.

deflection since 2013).

Max deflection less than 2.5%, slight dent

100% of in left springline, wooden stake driven
readings through crown near inlet end. No significan{]
MP 123, Northern Pipe [9/30/2013] DuroMaxx [ 36-inch 88 Outlet Inlet | below 2.5% change in deflection since 2013.

Max deflection approximately 4% at 23 ft,
small dent at left springline at 73 ftl,

92% of 100% of wooden stakes driven through crown of
readings readings pipe near inlet end. Deflection at 5% in
MP 123, Center Pipe  [9/30/2013] DuroMaxx [ 36-inch 88 Qutlet Inlet | below 2.5% | below 5%, .
Max deflection approximately 2.5% at 24 ft,
100% of wooden stake driven through crown of pipe
readings near inlet. Deflections still below 5% No
MP 123, Southern Pipe[9/30/2013] DuroMaxx [ 36-inch 88 Outlet Inlet | below 2.5% significant change in deflection since 2013
Max deflection approximately 2.8% at 88 ft,
86.8% of 100% of Deflection at 4 8% in 2016
reading readings
MP 122.5 9/30/2013] DuroMaxx | 48-inch 102 Qutlet Inlet | below 2.5% | below 5%, .
77.2% of <1.9% of Max deflection approximately 5 30% near
readings readings  |inlet end (approx. 90 to 88 ft). Deflection at

below 2.5% | above 5% |[5.8% in 2016, crown flattening and possible]
inverse curvature has occurred. Pipe
moderately racked in right crown.
Remainder of pipe 4% or less. Small
puncture due to stake near outlet, pipe
shightly racked at 8 ft. Slight hump at nght
haunch at 46 ft. Slight dent in invert at 56 ft

MP 122 19/30/2013] DuroMaxx | 48-inch 103 Outlet Inlet
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Table 2. Summary results of laser-ring profiling near Colorado Springs, CDOT Region 2 (2013)

Location: Fountain Colorado
Route: |-25

Pipe Use: Culvert/Cross Drain
Date Inspected: 9/30/13

100% of Max deflection less than 2.5%, slight dent

readings in left springline, wooden stake driven
MP 123, Northern Pipe | 9/30/2013 | DuroMaxx | 36-inch a8 Qutlet Inlet | below 2.5% through crown near inlet end.

Max deflection approximately 4% at 23 ft,
92% of 100% of small dent at left springline at 73 fil,

readings readings wooden stakes driven through crown of
MP 123, Center Pipe | 9/30/2013 | DuroMaxx | 36-inch 88 Qutlet Inlet | below 2.56% | below 5%, . pipe near inlet end.

100% of Max deflection approximately 2.5% at 24 ft,

readings wooden stake driven through crown of pipe|
MP 124, Southern Pipe| 930/2013 | DuroMaxx | 36-inch 88 Qutlet Inlet | below 2.5% near inlet.

Max deflection approximately 2.8% at 83 ft
86.8% of 100% of

reading readings

MP 1225 9/30/2013 | DuroMaxx | 48-inch 102 Outlet | Inlet | below 2.5% | below 5%, .

T7.2% of <19% of | Max deflection approximately 5.30% near

readings readings inlet end (approx. 90 to 88 ft). Pipe

below 2.5% | above 5% maoderately racked in right crown.

Remainder of pipe 4% or less. Small
puncture due to stake near outlet, pipe
slightly racked at 8 ft. Slight hump at right
MP 122 9/30/2013 | DuroMaxx | 48-inch 103 Outlet Inlet haunch at 46 ft. Slight dent in invert at 56 ft.
[

Figure 4412. Manual inspection of I-25 HDPE cross-culverts near Colorado Springs
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Table 3. Summary of manual-inspection results near Colorado Springs, CDOT Region 2 (2013)

12/5/2016 - Fountain, CO - Mile Marker 122.5 - 48" HDPE Pipe - Start at East End

Pipe Vertical Horizontal Diagonal
Station Diameter Diameter Diameter Notes
(ft) (ft) (ft) (ft)
9 3.66 3.56 3.54 3 punctures at STA 8
20 3.61 3.63 -
24 3.63 3.67 3.51 STA 26.25 joint separation 2 in max
35 3.65 3.68 3.65
50 3.60 3.73 3.71 STA 48.16 joint separation 1.06 in
max
56 3.54 3.73 3.59 Minor bulge at pipe invert
70.25 3.47 3.67 3.50 STA 70.25 joint separation 1.13 in
max
86 3.65 3.67 3.60
92.08 3.43 3.68 3.48 Deflection at joint
100 3.63 3.65 3.62

12/5/2016 - Fountain, CO - Mile Marker 123.01 - 36" HDPE Pipe - Start at East End

Pipe Vertical Horizontal Diagonal
Station Diameter Diameter Diameter Notes
(ft) (ft) (ft) (ft)
0 2.69 2.68 2.67 Inlet damaged by traffic
25 2.52 2.75 2.60
50 2.63 2.73 2.69
75 2.67 2.71 2.69
90 2.67 2.58 2.58

12/5/2016 - Fountain, CO - Mile Marker 123.02 - 36" HDPE Pipe - Start at East End

Pipe Vertical Horizontal Diagonal
Station Diameter Diameter Diameter Notes
(ft) (ft) (ft) (ft)
0 2.69 2.58 2.71 Inlet damaged
25 2.52 2.75 2.60
45 2.63 2.71 2.67
75 2.67 2.71 2.69
90 2.65 2.60 2.65
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5.2 DATA FROM LITERATURE REVIEW

One of the objectives of the current research study was to investigate the existence of HDPE performance
data from states similar to CDOT. As pointed out in the literature review section of this report in
Section 2, the University of Texas at Arlington (UT) conducted such a study in 2010 covering 10 states,
including nearby Utah and Kansas. In the University of Texas study, structural performance of 191 HDPE
pipelines located in 10 different states throughout the nation was investigated. The sites were selected
to cover diverse geographical locations. In the study, manual inspections using qualitative and
guantitative observations, a detailed quantitative pipeline-inspection camera, and pipeline laser-profiling-
unit measurements were performed utilizing the same equipment and methodologies followed in the
current inspection program. The failure modes identified for all tested pipelines included:

® Excessive deformation

e Cracking/fracture

® Inverse curvature

® Joint displacement

e Buckling

e Corrugation growth
All of these are commonly recognized as failure modes in the literature, and do not represent any
controversial definitions. The UT study showed that 100% of the pipelines tested suffered from some or
many of these failure modes. As shown in Table 5, in 68% of the pipes tested, the limiting maximum
deformation (Y, X, and/or ovality) of 5% was exceeded. A maximum deformation value of 34% was
observed, and the average of maximum deformations was 7.6% for all pipelines inspected. This study

indicates that the structural health and integrity of the installed HDPE pipelines tested are generally below
acceptable levels of serviceability.

Figure 45. States covered in University of Texas at Arlington, 2010, HDPE pipe-performance study
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Table 4. States included in the University of Texas at Arlington 2010 study

Number of Numberof Lotallength of the pipelnes

State site locations  pipelines
‘ S (ft) ()
Texas 9 22 2,800 854
North
Carolina 6 11 600 183
Virginia 8 21 3,000 915
Minnesota 9 31 8,700 2,652
Kansas 3 10 1,655 505
Missouri 4 13 1.400 427
California 2 29 2,545 776
Utah 2 10 1,525 465
Michigan 16 29 5,149 1,570
Florida 2 15 4,405 1.343
Total 61 191 31,779 9,689

Table 5. Percentage of HDPE pipe failures in each state

R E)fces si\.-‘e Cracking / Inverse . Joint Hicking Corrugation
deforamtion  Fracture Curvature  Displacement = Growth
Texas 38% 23% 18% 27% 18% 100%
North Carolma 75% 73% 0% 73% 27% 100%
Virginia 100% 26% 11% 32% 16% 100%
Minnesota 58% 26% 0% 26% 3% 100%
Kansas 70% 50% 30% 0% 20% 100%
Missouri 69% 20% 0% 0% 0% 100%
California 56% 69% 21% 7% 3% 100%
Utah 100% 40% 40% 20% 20% 100%
Michigan 82% 33% 10% 19% 23% 100%
Florida 73% 42% 17% 100% 42% 100%
Total 69% 40% 15% 30% 17% 100%
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Table 6. Maximum observed HDPE pipe deformations in each state

Average of  Percentage of pipelines

Number of Total length of the Maximum . : .
. Number of B 3 . maxmmum  with excessive defonmation
State site g pipelines deformation - Egend
- pipelnes deformation (>5%)
locations 1 )

(ft) (m) (%) (%0) (%)

Texas 9 22 2,800 854 225 6.8 38
Homls 6 11 600 183 10.4 6.3 75

Carolina

Virginia 8 21 3,000 915 223 10.5 100
Mmnesota 9 31 8,700 2,652 15 6.4 58
Kansas 3 10 1,655 505 10.4 6.8 70
Missouri 4 13 1.400 427 8.8 5 69
California 2 29 2,545 776 153 59 52

Utah 2 10 1,525 465 34 10.4 100
Michigan 16 29 5,149 1,570 234 10.5 82
Florida 2 15 4.405 1,343 10.3 6.3 73
Total 61 191 31,779 9,689 34 TD 69

Figure 46 presents a summary of experience with Kentucky DOT’s HDPE pipeline installations.
Measurements show that after the initial-installation phase, recorded deflections continually increased
through time. In almost all Kentucky DOT pipe installations, measured deflections exceeded the maximum
5% failure limit.

MAX RECORDED DEFLECTION
(EACH SITE)
60.0
500
400
6
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0
% 20.0
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Figure 13. Experience with Kentucky DOT’s HDPE pipe performance.
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5.3 CDOT EXPERIENCE AT T-REX PROJECT

During construction of the T-Rex Project there were numerous Nonconformance Report and Evaluation
(NCR/NCE) forms submitted by Southeast Corridor Constructors (SECC). Appendix 4 presents a
compilation of these reports. Some of these reports state that HDPE pipe problems were encountered in
the field with shallow cover and excavation around HDPE pipes. It is noted that at some locations it may
be necessary to remove previously-installed HDPE and replace it with RCP. In order to resolve these
nonconformance issues, SECC requested to change all remaining HDPE to RCP (6/23/2003).
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6. SUMMARY AND CONCLUSIONS

In this study, performance of HDPE pipes under CDOT highways was investigated by:

® Conducting an extensive literature review
® Field studies utilizing manual inspection

e CCTV video inspections

e laser-profiling technology

e  Observing CDOT HDPE pipe-installation projects

The objectives of the study and methodologies used to achieve these objectives are presented in Section
1 of this report. Section 2 presents results of an extensive literature review covering various aspects of
HDPE problems. Methodology, including equipment and procedures used in conducting field inspections,
is described in Section 3. Field data collection and measurement results are presented in Section 4, and
the Data Analysis results are discussed in Section 5.

An extensive literature search was conducted in order to assess the current methodologies used by CDOT
and other highway agencies to measure the performance of HDPE pipe installations. In general, most
DOTs have encountered HDPE performance problems in the form of excess deformation (greater than
5%). The general conclusion from the literature review is that structural integrity of the installed HDPE
pipelines which were tested by various DOTs is generally below acceptable levels of serviceability. Further
testing is needed to evaluate the long-term performance of HDPE pipes.

In general, it is recommended that all monitoring points established on prior research projects be
measured and re-evaluated for long-term hydraulic and structural performance. Studies by Kentucky,
Ohio, Missouri, South Carolina transportation departments and others have demonstrated the difficulty
in achieving problem-free installations of HDPE pipes, and that these pipes do not always perform in
accordance with idealized, theoretical conditions. In numerous test cases significant-to-severe
deflections, corrugation growth, crown and invert flattening, racking, sagging, and radial cracking have
been observed in pipe sections.
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APPENDIX I — FOUNTAIN COLORADO,
DUROMAXX LASER PROFILE INSPECTION,
[-25, MP 122, MP 122.5, AND MP 123 (2013)
LEO JOHN FLECKENSTEIN







Project Summary: A total of 5 pipes were video and laser profiled on September 30, 2013. A
straight line/non pan and tilt portable camera unit was utilized for the inspection. Joints were
noted and observed during the inspection. Joint separation was minor to moderate with no
significant distress or soil migration observed. Some minor racking, dents, and sags were also noted.
Limited construction information was available. Several of the structures have limited cover.

Minor post construction damage was noted towards the ends of several of the structures as

straw wattles were placed over the pipe ends and wooden stakes driven through the crown of

the pipes. The stakes do not appear to causing any structural issues with the performance of the
pipes. Four of the five pipes were under 5% deflection for their full length. One pipe had a

small localized area where pipe deflection was measured at 5.3% near the end of the structure. The
non-uniform nature of the deflection and the fact that the deflected area is outside of the paved
roadway would suggest that this deformation occurred during the installation process.

The first 10 to 16 ft of the pipes near the outlet end of the structures could not be laser profiled
due to the distance between the camera and the laser. Each pipe was totally captured/recorded on
the straight line video Inspection.




Location: Fountain Colorado

Route: |I-25

Pipe Use: Culvert/Cross Drain
Date Inspected: 9/30/13

100% of Max deflection less than 2.5%, slight dent
readings in left springline, wooden stake driven
MP 123, Northern Pipe | 9/30/2013 | DuroMaxx | 36-inch 88 Outlet Inlet | below 2.5% through crown near inlet end.
Max deflection approximately 4% at 23 ft,
92% of 100% of small dent at left springline at 73 ftl,
readings readings wooden stakes driven through crown of
MP 123, Center Pipe [ 9/30/2013 | DuroMaxx | 36-inch 88 Outlet Inlet | below 2.5% [ below 5%, . pipe near inlet end.
100% of Max deflection approximately 2.5% at 24 ft,
readings wooden stake driven through crown of pipe
MP 124, Southern Pipe| 9/30/2013 | DuroMaxx | 36-inch 88 Outlet Inlet | below 2.5% near inlet.
Max deflection approximately 2.8% at 88 ft
86.8% of 100% of
reading readings
MP 122.5 9/30/2013 | DuroMaxx | 48-inch 102 Outlet Inlet | below 2.5% | below 5%, .
77.2% of <1.9% of | Max deflection approximately 5.30% near
readings readings inlet end (approx. 90 to 88 ft). Pipe
below 2.5% | above 5% moderately racked in right crown.
Remainder of pipe 4% or less. Small
puncture due to stake near outlet, pipe
slightly racked at 8 ft. Slight hump at right
MP 122 9/30/2013 | DuroMaxx | 48-inch 103 QOutlet Inlet haunch at 46 ft. Slight dent in invert at 56 ft.

Deflection data was gathered at a frame rate of

approximately 1 frame per every 0.1 ft. With 180
measurements taken per frame of video. Total readings
per pipe section ranged from approximately 712,000 to

770,000.
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MP 123, I-25, 36-Inch DuroMaxx
Northern Pipe
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Project Name: |-25, Fountain, Colorado

Date: 9/30/2013 Pipe ID: MP 123
Asset Location: Start ID: Outlet
Distance: 0 End ID: Inlet

Run Number: Direction: Upstrm
Pipe Size: 36 Pipe Type: DuroMaxx

ID Number: Outlet

(2.0) Sl - Start Inspection

(20.0) GO - General Observation Remark:
Joint No. 1

(30.0) GO - General Observation Remark:
Slight dent left springline

(40.0) GO - General Observation Remark:
View of joint at 40 ft.

(60.0) GO - General Observation Remark:
View of joint at 66 ft.

(80.0) GO - General Observation Remark:

Stake driven through crown of pipe at 84 ft.

(88.0) El - End Inspection

Total Distance: 0 ID Number: Inlet




Project Name: |-25, Fountain, Colorado

Date: 9/30/2013 Pipe ID: MP 123
Asset Location: Start ID: Outlet
Distance: 0 End ID: Inlet
Run Number: Direction: Upstrm
Pipe Size: 36 Pipe Type: DuroMaxx
Fault Observation
2.0 Start Inspection 03_10:3_460‘
20.0 General Observation 03:13
: Remarks: Joint No. 1 00:00:26
General Observation 07:04
30.0 Remarks: Slight dent left 00_0'0_40
springline T




FaultObservation | Time |  Pictue |

40.0 General Observation 8:10
’ Remarks: View of joint at 40 ft. |00:00:45

60.0 General Observation 10:33
’ Remarks: View of joint at 66 ft. |00:01:13

General Observation
80.0 |Remarks: Stake driven through
crown of pipe at 84 ft.

12:37
00:01:45




Distance FaultObservation | Time | Picture |

88.0 End Inspection

Created with the 2055 VI report generator



XY Diameter Summary Report

Pipe well under 5% deflection, spikes in data due to camera tilting at joint

Site ID
City Fountain, Colorado
Start No North Pipe
Location OQOutlet
Comments

Asset No. 1-25, MP 123

Finish No North Pipe
Location Inlet

Date 9/30/2013
Material DuroMax
Fipeline Length a8 f
Internal Diameter (Expected) 3492 in

Northern most pipe of three at MP 123

Limit Lines

Upper limit= 5
Lower Limit= -5

o 90% - Fractile: (X) 1.1% : (¥) 0.7%, Exceeded limits: 2.6%
0

10
X Y Diameter
X diameter and Y diameter are displayed as a percentage variance from the expected
internal diameter. Where no diameter reading exists (due to radial point missing) but
a single radius has been obtained, the radius is multiplied by a factor of 2.
Blue line = X diameter
Red line = ¥ diameter
50
];
I 4 [ |
i "
iy i
el B
! ' [
I 5.0
I
oo ft

~ N
44\&\4// 1

Fractile: 10% of the data points are above 1.1% for X and 0.7% for Y. 2.6% exceeds 5% limits lines. The spikes/scatter in data
(2.6%) are due to the laser skid and/or the camera tilting on the weld at the joint. Spikes can also occur due to the loss of laser

light at the joint.




XY Deflection Summary Report
Pipe under 5% (Deflection based off Median I.D. per frame of video)

Site ID Aszzet No. 25, MP 123 Date 9/30/2013
City Fountain, Colorado Material DuroMaxx
Start Mo North Pipe Finish Mo North Pipe Pipeline Length a3 ft
Lecation Qutlet Location Inlet Internal Diameter (Expected) 3492 in
Comments
Northern most pipe of three at MP 123 Limit Lines
Upper limit= S
Lower Limit= -5




Ovality Summary Report

Ovality under 5%, spikes due to camera going over joints

Site ID Asset No. |-25, MP 123 Date 9/30/2013
City Fountain, Colorado Material DuroMaxx
Start No North Pipe Finish No North Pipe Pipeline Length 88 ft
Location Qutlet Location Inlet Internal Diameter (Expected) 3492 in
Comments
Northern most pipe of three at MP 123 Limit Lines
Upper limit= 5
Lower Limit= 5
90% - Fractile: 1.8%, Exceeded limits: 2.7% Ovality 'q’ (as per ASTM F 1216 Standard Practice) as a percentage of original pipe versus distance

Ovality

The ovality graph shows how oval or 'out of round' a pipe's cross-section has become
due to deformation. This is displayed as a positive percentage and 0% is a perfectly
round pipe.

The formula is based upon the American Society for Testing and Materials F1216
standards where it states;

100 % (Maximum Inside Diarneter - Mean Inside Diameter)
q = percentage of ovality of original pipe = Mean Inside Diametar
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XY Diameter Observations Report

MP 123, I-25, DuroMaxx Installation, Fountain, Colorado

City Fountain, Colorado
Start No North Pipe

Asset No. 1-25, MP 123 Date 9/30/2013
Material DuroMaxx

Finish No North Pipe Pipeline Length a8 ft

Location Inlet Internal Diameter (Expected) 3492 in
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90% - Fractile: (X) 1.1% :(Y)0.7%, Exceeded limits: 2.6%
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XY Diameter Observations Report

MP 123, 1-25, DuroMaxx Installation, Fountain, Colorado

Site ID Asset No. 1-25, MP 123 Date 9/30/2013
City Fountain, Colorado Matenal DuroMaxx
Start No North Pipe Finish No North Pipe Pipeline Length 88 ft
Location Outlet Location Inlet Internal Diameter (Expected) 3492 in

Laser at third joint
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90% - Fractile: (X) 1.1% : (Y) 0.7%, Exceeded limits: 2.6%




XY Diameter Observations Report

MP 123, 1-25, DuroMaxx Installation, Fountain, Colorado

Site ID Asset No. 1-25 MP 123 Date 9/30/2013
City Fountain, Colorado Matenal DuroMaxx
Start No North Pipe Finish No North Pipe Pipeline Length 88 ft
Location Outlet Location Inlet Internal Diameter (Expected) 3492 in

Camera tilted coming over joint
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90% - Fractile: (X) 1.1% : (Y)0.7%, Exceeded limits: 2.6%




MP 123, I-25, 36-Inch DuroMaxx
Center Pipe
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Project Name: |-25, Fountain, Colorado
Pipe ID: MP 123, Center Pipe

Date: 9/30/2013
Asset Location:
Distance: 0
Run Number:
Pipe Size: 36

(2.0) Sl - Start Inspection Remark: Start
inspection, center pipe
(20.0) GO - General Observation Remark:
View of joint at 21 ft.
(40.0) GO - General Observation Remark:

View of joint at 43 ft.
- ral ion k:

View of joint at 65 ft.
(73.0) GO - General Observation Remark:
Small dent at left springline
(78.0) GO - General Observation Remark:
Small dent at left springline

(82.0) GO - General Observation Remark:

Wood stakes driven through crown of pipe

Total Distance: 0

Start ID: Outlet

End ID: Inlet
Direction: Upstrm
Pipe Type: DuroMaxx

ID Number: Qutlet

ID Number: Inlet

Created with the “POSM report generator



Project Name: I-25, Fountain, Colorado

Date: 9/30/2013 Pipe ID: MP 123, Center Pipe
Asset Location: Start ID: Outlet

Distance: 0 End ID: Inlet

Run Number: Direction: Upstrm

Pipe Size: 36 Pipe Type: DuroMaxx
Distance Fault Observation Time Picture

Start Inspection 01:09 K
2.0 Remarks: Start inspection, oo-ob-oa
center pipe o
General Observation 04:45

200 Remarks: View of joint at 21 ft. |00:01:14

40.0 General Observation 05:44
¥ Remarks: View of joint at 43 ft. |00:01:39




Fault Observation Time |  Pictwe

General Observation 07:52

. Remarks: View of joint at 65 ft. |00:02:14

General Observation 09:22
73.0 Remarks: Small dent at left 00.0'2.30
springline e

General Observation
78.0 Remarks: Small dent at left
springline

10:33
00:02:53




Fault Observation Time | ~~ Pictwe

General Observation 11-40
82.0 Remarks: Wood stakes driven 00_0'3_10
through crown of pipe T

Y.
Created with the "~ 205 VI report generator



XY Diameter Summary Report

Pipe under 5% deflection, spikes in data due to camera tilting at joint

Site ID Asset No. 1-25, MP 123 Date 10/9/2013
City Fountain, Colorado Material DuroMaxx
Start No Center Pipe Finish No Center Pipe Pipeline Length 88 fi
Location Cutlet Location Inlet Internal Diameter (Expected) 35 in
Comments
MP 123, I-25, Cross Drain, Center Pipe Limit Lines
Upper limit= 5

Lower Limit= -5

o 90% - Fractile: (X)2.1% : (Y) 1.3%, Exceeded limits: 4.3%
0
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XY Deflection Summary Report
Pipe under 5% (Deflection based off Median I.D. per frame of video)

Site ID Aszset No. 25, MP 123 Date 10/9/2013
City Fountain, Colorade Material DuroMaxx
Start No Center Pipe Finizh No Center Pipe Pipeline Length &2 fi
Location Outlet Location Inlet Internal Diameter (Expected) 35 in
Comments
MP 123, 25, Cross Drain, Center Pipe Limit Lines
Upper limit = 5
Lower Limit= -5




Ovality Summary Report

Ovality under 5%, spikes due to camera going over joints

Site ID Asset No. [-25, MP 123 Date 10/9/2013
City Fountain, Colorado Material DuroMaxx
Start No Center Pipe Finish No Center Pipe Pipeline Length 88 ft
Location Outlet Location Inlet Internal Diameter (Expected) 35 in
Comments
MP 123, I-25, Cross Drain, Center Pipe Limit Lines
Upper limit= 5
Lower Limit= 5

90% - Fractile: 2.6%, Exceeded limits: 4.4%

%

Ovality 'q' (as per ASTM F 1216 Standard Practice) as a percentage of original pipe versus distance




Center 36-inch Pipe
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XY Diameter Observations Report
MP 123, |-25, DuroMaxx Installation, Fountain, Colorado (Center Pipe)

Site ID
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