
Paper TM2-T3 -02-1 
 
 

 
 

Paper TM2-T3-02 
 
 

Big-Time Rehabilitation – PSE&G Tackles Largest CIPL Project in US 
with New Liner 
 
 
George Ragula, Public Service Electric & Gas Co. (PSE&G), Newark, NJ       
 
 
ABSTRACT:  Lining continues to be a popular and ever expanding renewal technique used by the gas industry in 
North America. Larger diameter capabilities, combined with longer inversion distances have always been of 
particular interest to the industry. This paper will discuss the first large diameter application of a new liner in North 
America to renew approximately 1,400 feet of critical leaking 30-inch diameter cast iron (CI) high pressure gas 
main operating at 15 psig. The project was particularly challenging due to the pipe’s excessive depth approaching 19 
feet, geometry with four 45 degree bends, location under a river, state highway traffic conditions/restrictions and 
need to bridge a 36-inch gap in the pipe due to a drip pot fitting that could not be removed. This paper will discuss 
the testing performed to approve the CIP liner for this application and will review the project from a planning/design 
perspective through project completion. The paper will discuss the various equipment modifications made to 
complete this project, testing, challenges and lessons learned. 
 
 
1. INTRODUCTION  
 
Ever since the early 1990s, when CIP liners were first being introduced and used by the gas industry, large diameter 
gas main applications have been of paramount interest due to the critical need to maintain flow capacity in such 
lines. This, combined with their general inaccessibility having been initially constructed in rural areas that have 
since been built-up to heavily trafficked wall-to-wall paved areas, has always been identified as the ideal liner 
application. Such mains are commonly constructed of CI, do not have many services and always have bends, 
operating in the range of 0.25 psig to 60 psig at PSE&G.  
 
In late 2011, a leaking 30-inch diameter CI main operating at 15 psig located near the outlet of a gas metering and 
regulating station needed to be repaired, replaced or renewed. The main was very deep and in excess of 19 feet deep 
at certain locations, having been installed in an area that was subsequently filled-in and re-graded. The facility also 
contained four 45 degree bends, crossed under the Passaic River and fortunately contained no services. The line 
contained a drip pot that was located in a wetlands area that could not be excavated for removal and replacement 
with steel pipe (Figure 1). This fitting, no longer actively used to collect fluids from the old gas manufacturing days, 
effectively created an internal 36-inch gap in the piping. 
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Figure 1.  Overview of project site. 
 
 
Several repair and replace options were reviewed, including HDD, sliplining, CIP liner renewal and internal sealing 
of the multiple CI joints spaced at 16 foot intervals. The main was a critical feed, and as such could not be down-
sized, so sliplining was quickly dismissed. HDD replacement was cost prohibitive and the long lead times associated 
with securing 30-inch steel pipe were unacceptable.  Internal sealing of the multiple leaking CI joints (approximately 
90) was plausible and cost-effective, but did not offer a long-term solution. CIP lining was ultimately selected as the 
best solution for this particular application from a longevity perspective combined with attractive costs. This 
renewal technique offered the most cost effective solution under the circumstances, provided a life span well in 
excess of 50 years, and allowed us to maintain the critical flow capacity required in the line. From prior lining 
experience, we knew that we could actually improve the flow or capacity of the line, since the cleaning phase of the 
lining operation typically removes all the accumulated dirt and debris in the line, while opening it up to its full 
internal diameter. In addition, the improved flow characteristics due to the slipperiness of the liner surface has the 
effect of reducing the coefficient of friction. 
 
Planning, scheduling and the necessary coordination for the project was initiated in early 2012 in order to complete 
the project by early Fall, sufficiently before the onset of colder temperatures in the northeast and the increased gas 
loads brought on by the heating season. 
 
 
2. DESIGN/PLANNING 
 
There were several design aspects of the project that were particularly challenging. The first involved the selection 
of the liner system that would be used for this large diameter application. Up until this project, the only liner 
available and used by the gas industry in the US since 1998 was Starline 2000 manufactured in Germany. This liner 
met all the requirements of ASTM F 2207, but was only available in 24-inch diameter and smaller. 
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Various liners on the world market were researched for this 30-inch application and a liner manufactured by Sanivar 
AG out of Switzerland was ultimately selected for further testing and evaluation. It was selected  for more detailed 
evaluation because its specifications contained test data that, for the most part, met ASTM requirements. Several 
ASTM test results were missing, so further testing was conducted by a third party, including tests for gas tracking 
between the outside diameter of the liner and the inside diameter of the host pipe and pipe/liner deflection testing 
involving a section of pressurized lined pipe with a complete circumferential gap 2-inches wide in the host pipe 
being subjected to specified external jacking loads without  leaking (Figure 2). The testing was completed 
successfully and the Sanivar liner was selected for the project. 
 
 

 
 

Figure 2.  ASTM testing with 2-inch wide circumferential gap on pressurized test specimen. 
 
 
Another challenge involved bridging the 36-inch long gap in the drip pot fitting (Figure 3), since the fitting was 
located in a wetlands area and could not be excavated for removal. The as-builts showed a 30” drip pot fitting on the 
pipe at a low point on the pipe commonly used for collecting fluids from manufactured gas that was eventually 
replaced with pipeline gas from the Gulf. It was located approximately 50 feet from the east bank of the river in a 
protected wetlands area. Such fittings have a vertical pot for collecting fluids that is normally two pipe sizes larger 
than the 30-inch diameter inlet and outlet piping, so the logical expectation was it contained a 36-inch diameter pot.  
This was essentially a 36-inch gap in the piping run that needed to be bridged in order to provide proper support for 
the liner by providing a bearing surface. It also contained a standpipe accessible from grade that enabled pumping 
the collected liquids for removal and disposal. The small diameter standpipe usually ends within 1-2 inches of the 
bottom of the pot and had to be removed prior to the installation of the bridge in preparation for lining. 
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Figure 3.  Typical drip pot fitting schematic for 30-inch diameter pipe. 
 
 
Having had considerable prior experience in bridging gaps in smaller diameter drip pot fittings as part of liner 
installations, the concept and application was well understood (Ragula et al., 2012). The forces generated by an 
operating pressure of 15 psig are significant, so it was decided to review/evaluate various materials and designs as 
part of the selection process for this application. A bridge designed by Miller Pipeline and specifically used to bridge 
drip pot fittings as part of their pipeline internal sealing operations was selected as the most appropriate for the 
application. The design was well established and had a history of successful use. It consisted of three sections of ¼-
inch thick carbon steel plate that are bolted together once inside the pipe and was designed to handle 66 psig of 
internal pressure. The main operating at 15 psig designated for renewal was to be air tested to 25 psig, so there was a 
comfortable safety factor. Several slight modifications to the design needed to be made involving the use of round 
head bolts in lieu of square head bolts and beveling the bridge edges to minimize all sharp edges to reduce any 
potential damage to the liner (Figure 4). 
 
 

 
Figure 4.  Original bridge construction with recommended changes. 
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Several detailed field meetings were held on-site and based on the pipeline location in relation to the heavily 
trafficked county road, combined with local physical obstructions, the job was designed with a total of five 
excavations. Three excavations for the lining portion of the work and two excavations needed to abandon the 
facility. 
 
The first lining section located in a grassy shoulder on the east-side of the river was the most difficult and was 
approximately 660 feet long. This segment contained two 45 degree bends, a drip pot fitting where the internal 
bridge needed to be installed and then continued under the Passaic River for approximately 220 feet. The second 
lining section located on the county road proper was approximately 680 feet long and contained one 45 degree bend. 
The second 45 degree bend was part of a piping section that was planned to be cut-out and removed on the west side 
of the river. This excavation would act as the receiving pit for both inversions. 
 
To help reduce the overall amount of piping work for PSE&G crews, the plan was to tie-in the two sections of lined 
pipe using mechanical couplings and a steel 45 degree bend with short pup pieces welded to it. This entire fabricated 
drop-in piece contained thrust restraint harnesses to protect against pull-out. This plan would allow us to air test the 
entire run of renewed piping at one time instead of air testing the two lined segments separately and then tying them 
together before introducing natural gas. 
 
The large size and depth of the excavations necessitated the use of steel I-beams for the outer ring with wood 
sheeting uprights. The use of steel beams was also necessary to allow temporary removal of the cross braces during 
the lining phase for proper alignment of the liner transport hose to the open-ended pipe. This helped minimize any 
severe or abrupt angles of the hose allowing for a smooth transition of liner into the host pipe.  I-beams also worked 
well for holding-up the extra large traffic plates that were countersunk level with the road surface. A single plate 
rested on the outer perimeter of beams and also rested on a temporary I-beam installed in the middle of each 
excavation. 
 
The design and fabrication of the internal sand-blasting unit took place over a multi-week period. Commercially 
available equipment was unavailable for such large pipe. Several short sections of 30-inch steel pipe were placed 
together with a 45 degree bend in a shop environment to help test and evaluate various designs to effectively clean 
the inside wall of the pipe. This testing helped tremendously in the final design and ensured the equipment would be 
effective in cleaning the pipe (Figure 5). 
 
 

 
 

Figure 5.  Internal sand-blasting unit final design. 
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3. CONSTRUCTION 
 
Construction started in early August using Henkels & McCoy as the excavator with an anticipated start date for 
lining in mid-September. Due to the depth of the facility combined with the sheeting requirements, all of the five 
excavations were approximately 14 feet wide, 22 feet long and 17 feet deep. Traffic stipulations imposed by the 
County required the excavating be performed at night between the hours of 7:00 pm and 6:00 am due to the heavy 
traffic in the area. Working during the day was permitted for all other non-excavation-related work. 
 
Because of the large diameter of the piping involved, a third party company was retained to stop-off the gas in the 
main using specialized hydraulic no-blow equipment designed for this purpose, so the active main could be cut and 
capped as part of the abandonment process. Preparation for the stop-off involved cleaning the pipe of rust and 
debris, installing various mechanical fittings and installing thrust restraint harnesses to restrain all mechanical 
fittings.  This work occurred in early September and the main was successfully taken out of service on September 
20th , late at night (Figure 6). 
 
 

 
 

Figure 6.  Stop-off equipment used for abandoning 30-inch gas main. 
 
 
The lining crews moved-in the very next day, September 21st, and the plan was to first CCTV inspect both segments 
on either side of the drip pot, install the carbon steel drip pot bridge and then start internal pipe cleaning operations. 
Internal cleaning was performed using a sand-blasting process where the sand-blaster was pulled from one end of 
the pipe to the other, while three vacuum trucks capable of 45,000 cfm of suction at 15 inches mercury (Hg) were 
located on the opposite end for removing the grit. 
 
 
4. CCTV Inspection 
 
The initial inspection using a rubber-tired crawler disclosed the pipe contained an oily mist and no unusual amounts 
of dirt or debris. Unfortunately, the 200 pound crawler could not negotiate the 45 degree bends without flipping 
over. Since the 45 degree bend on the west side of the river had not been cut-out and removed yet, all we could 
inspect were the two straight sections of pipe that were located on the County road. Inspecting the remaining 
sections with our camera equipment would have to wait until the 45 degree bend in the receiving pit located on the 
west side of the river was cut-out and removed. While the piping removal work was taking place, the decision was 
made to remove the 1-inch diameter drip pot standpipe in preparation for the installation of the drip pot bridge. 
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Fortunately, this standpipe could be removed from grade because of the way it was constructed, so it avoided our 
having to remove it from inside of the pipe 
 
 
5. DRIP POT BRIDGE 
 
Once the standpipe was removed, Miller Pipeline crews entered the main in accordance with established confined 
space entry procedures to install the 48-inch long bridge that was designed for the 36-inch long non-symmetrical 
piping gap expected in a drip pot fitting for a 30-inch diameter main-line pipe. Unfortunately, although the map 
plates indicated a drip pot was installed, in actuality a 30-inch x 30-inch cross was used at this low point. This is not 
uncommon practice, but normally the as-builts should have correctively reflected the use of the cross as opposed to 
referring to the use of a drip pot fitting. While both fittings perform the same intended function for accumulating 
liquids at a system low point and allowing for their removal through a standpipe accessed at grade, the geometries of 
the two fittings are different. 
 
The bridge was designed and fabricated for a 36-inch long non-symmetrical gap in the piping and in actuality we 
had a 30-inch long symmetrical gap in piping, so the bridge was too large and the three sections could not be bolted 
together. We had to modify the bridge on-site by cutting a 2-inch wide section of steel out for its full length on one 
of the three bridge segments and then re-welding several alignment tabs. These field modifications were 
successfully completed and then the three bridge sections were successfully brought in to the pipe, bolted together 
and successfully installed. Both leading and trailing edges of the bridge in contact with the pipe walls were ramped 
using a quick-setting cement to ease the transition of the liner through this fitting, while minimizing the potential for 
puncturing the liner from any sharp edges (Figure 7). 
 
 

 
 

Figure 7.  Bridge installed in pipe in preparation for lining. 
 
 
6. CCTV INSPECTION 
 
Once the bridge was installed, CCTV work was started because now the equipment could travel through all the 
straight sections of pipe, with the exception of two short sections of pipe between the three remaining 45 degree 
bends, since one 45 degree bend was cut-out and removed. This phase of the work disclosed several areas of water 
intrusion and also revealed heavier build-ups of oil in the pipe for its full internal circumference. Of particular 
concern was the section of pipe under the river between the 45 degree bend that was removed and the drip pot. This 
was filled with dirt, muck, mud, accumulated oil and debris for approximately 100 feet of its approximate 225 foot 
length to the drip pot. In retrospect, that section of piping under the river was installed in 1953 probably using a jack 
and bore method; and the pipe was never adequately cleaned-out of dirt and muck before it was gassed-in (Figure 8). 
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Figure 8.  Debris-laden section of pipe under Passaic River. 
 
 
The combination of oil throughout the entire line combined with the significant amounts of debris in the segment 
under the river proper, necessitated a change in pipe cleaning operations. The pipe now had to be cleaned using a 
water-jet process and then dried prior to starting internal sand-blast cleaning operations. 
 
 
6. WATER-JETTING 
 
This last-minute change in plans had us scurrying about to locate, coordinate and schedule water-jet equipment, 
vacuum trucks, liquid holding tanks, related materials and obtaining the proper water permits in order to properly 
perform the operation in accordance with established environmental requirements (Figures 9 and 10).  It also added 
several days of unanticipated work to what was already a tight schedule. 
 
 

                       
 
Figure 9.  Water-jet equipment and vacuum  Figure 10.  Water collection at low point of 

 truck.           piping. 
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We decided to address the most heavily debris-ridden section in the river crossing first using the water-jetting 
equipment before moving on to the simpler segment of piping. We planned to water-jet clean a segment, inspect it 
with cameras and then handle any water intrusion problems by installing internal sleeves specially designed for that 
purpose.  It was critical that all water intrusion points had to be eliminated prior to starting sand-blasting operations, 
otherwise the grit would turn to muck, would not serve its intended purpose and would likely settle in the pipe.  
 
Once water-jetting was completed and the pipe dried, several water intrusion entry points were detected requiring 
the installation of several internal sleeves. This successfully stopped water entry and now allowed us to focus on the 
internal sand-blasting operation that would take the internal wall of the pipe down to a bright white metal finish in 
preparation for lining. 
 
 
7. SAND-BLASTING 
 
Based on prior experience, two vacuum trucks operating in tandem are used when sand-blast cleaning 24-inch 
diameter pipe. The plan for 30-inch diameter pipe was to use three vacuum trucks operating in tandem to ensure an 
efficient and effective grit removal process. A special  30-inch diameter fitting outfitted with  three 8-inch diameter 
outlets was fabricated out of a standard mechanical end cap to ensure a tight fit to optimize vacuum collection of the 
grit (Figure 11). 
 
 

 
 

Figure 11.  Custom designed 3-way.fitting fabricated  
 out of mechanical end-cap. 

 
 
The first segment was sand-blast cleaned and then followed by a CCTV inspection. The inspection revealed a 
number of locations involving several hundred feet of pipe where the grit accumulated as high as 8 inches. This grit 
had to be removed and a 4-inch diameter collection hose using PVC corrugated piping was constructed to perform 
this function. It was attached to a vacuum source and over a 19 hour period the grit was successfully removed. It was 
a slow and time-consuming process because the collection hose was too thin and subject to collapse over time. 
 
While this work was being performed, the three vacuum trucks were checked for proper operation and several 
vacuum technical experts were consulted in an effort to understand how or why the grit was not completely 
removed. Further investigation revealed all three trucks were operating properly and to specifications. It was felt that 
this problem could be solved by adding a fourth vacuum truck operating in tandem. The plan for sand-blast cleaning 
the second segment now entailed the use of four vacuum trucks to ensure sufficient flow and air movement  to 
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remove all the grit effectively. The combined capacity of all four trucks operating in tandem was increased by 25% 
to 60,000 cfm of flow at a vacuum pressure of 15 inches Hg. 
 
 
8. LINING SEGMENT ONE 
 
CCTV inspection prior to lining this 660-foot long segment confirmed all the leftover grit was successfully removed 
and that there were no new water entry intrusion points, so we moved to the lining phase of the operation for this 
segment. 
 
While the process for lining mains, regardless of their diameter, is fundamentally the same from a process 
perspective, because of the very large size of all the equipment and the need to constantly use mechanized lifting 
equipment (primarily a trackhoe or backhoe), the setup of all the equipment was noticeably slower and took 
considerably longer time. 
 
After the equipment was properly setup, mixing the two-part polyurethane resin was initiated and the wet-out of the 
liner began. As the resin was evenly spread out through the full length of the liner through the action of the pinching 
rollers, it was loaded onto the extra large inversion drum while lubrication was added to the exterior side of the hose. 
The lubrication minimized friction between the liner surfaces in contact with each other as it was being spooled off 
the inversion drum into the pipe (Figure 12). 
 
 

 
 

Figure 12.  Production line for wet-out of liner and installation onto inversion drum. 
 
 
The wet-out phase took approximately 3 hours with several difficulties being encountered with working the liner 
through the transport hose, securing the liner to the downstream side of the squeeze-off valve where the inversion is 
initiated and finally ensuring proper alignment of the squeeze-off valve assembly with pipe end. The actual lining of 
the pipe was completed over a two hour period and the liner successfully entered the catch fitting on the opposite 
end. An inversion pressure of 6-8 psig was used and a pressure of 10 psig was maintained while the liner cured over 
a two-day period under ambient conditions. 
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After curing, the ends of the liner were cut and trimmed, and a CCTV inspection performed. The inspection revealed 
a generally acceptable lining job with some dimples, but it also disclosed an unacceptable disbonded section of liner 
approximately 16 feet long starting right at the inversion end of the pipe at the 3:00 position (Figure 13). It is unclear 
what caused the disbondment, but it was eventually repaired over a multi-day period using a 5 foot long inflatable 
packer pig and additional resin that was poured-in through a funnel attached to a length of small diameter PVC pipe. 
An internal end seal was first installed at the point where the disbondment ended. That was followed by the use of a 
packer pig used in several stages to expand the liner against the host pipe wall after the addition of resin at several 
strategic locations. The pig remained inflated until the resin cured and then the next section was handled in the same 
manner until all four sections were completed (Figure 14). 
 

               
 

Figure 13.  Disbonded section of liner.  Figure 14.  Final repair of disbonded section. 
 
 
A meeting was held after the first segment was lined to analyze the results and review process/procedural changes 
that should be made for installing the liner into the second segment. These changes were intended to improve the 
overall results. 
 
 
9. LINING SEGMENT TWO 
 
Aside from the changes made to improve grit removal previously discussed by adding a fourth vacuum truck 
(Figures 15 and 16), several additional major refinements were implemented to the actual liner installation process 
for this 680 foot long section as follows: 
 

a. In lieu of a polyurethane resin which had a reasonably short pot life being used, it was decided to use a 
two-part epoxy resin with a significantly extended pot life. 

b. The liner inversion pressure was reduced from 6-8 psig to 2-3 psig maximum. 
c. The liner internal pressure for the multi-day ambient cure was raised from 10 psig to 13 psig. 
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Figure 15.  Four vacuum trucks operating Figure 16.  Modified 4-way mechanical end cap. 
 in tandem. 

 
 
The combination of process changes and improvements resulted in this segment of pipe being lined without any 
significant issues. While the unfamiliarity of the equipment combined with its excessive weight still made the setup 
go slower than usual, there were no unanticipated issues that occurred that delayed getting the inversion started and 
completed successfully. 
 
After the two-day cure was completed the equipment was removed, the ends were cut and trimmed; and a CCTV 
inspection was performed. The results of this inspection revealed a well-bonded liner throughout the full length of 
the host pipe that looked considerably improved in overall appearance compared with the first segment renewed. 
Frankly, the inside of the pipe looked like a rifle barrel and everyone was extremely pleased with the results (Figure 
17). 
 
 

 
 

Figure 17.  Segment 2 liner completed with end seal installed. 
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10. PRESSURE TEST 
 
With the CCTV inspection acceptance portion of the work completed, the final phase of acceptance testing was the 
performance of a pressure test to 25 psig. 
 
To help reduce the amount of work involved, during the early planning phase of the project the decision was made 
to tie-in the two segments of lined pipe back together using a steel 45 degree bend with pup pieces, mechanical 
couplings and thrust restraint assemblies (Figure 18). Mechanical end caps were installed at both ends of the 1,340 
foot run of renewed pipeline using thrust restraint assemblies as well. The thrust restraint assemblies were needed to 
ensure adequate restraint of all the mechanical couplings from pull-out during the planned 25 psig air test over a 
minimum 24-hour period. 
 
 

 
 

Figure 18.  Tie-in of lined segments in preparation for pressure test. 
 
 
Once all the mechanical piping work was completed, the entire pipeline was pressurized to 25 psig with air. This 
pressure successfully held  for 24 hours and the renewed pipeline was now ready to be scheduled to be activated. 
The tie-in was successfully completed the following day and the main returned to active service. 
 
 
11. CONCLUSIONS 
 
The success of this project was based largely on the significant amount of time spent by the project team on 
planning. An additional key factor for success was the extensive experience and technical expertise of several 
individuals involved with the lining effort. This level of expertise went back as far as the early 1990s when liners 
were first being introduced to the gas industry. 
 
The detailed level of planning combined with practical experience helped overcome various unforeseen challenges 
during the course of the work. It provided a unique opportunity to evaluate large diameter main applications for gas 
mains. Despite the challenges faced, massive project was completed in a relatively short time frame and certainly in 
time to meet the critical needs of the heating season with minimal disruption. It is of particular interest to note that 
the backfilling of all excavations was fortunately completed just one day prior to the arrival of hurricane Sandy in 
the northeast. 
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From a technical perspective, the installation continued to push the envelope for gas lining applications, both from a 
diameter and distance perspective. The experience gained from this project will continue to support and expand the 
use of liners as a renewal technique for gas industry applications. 
 
 
12. CHALLENGES AND LESSONS LEARNED 
 
There are always challenges faced with major projects involving new material and processes, and this project was no 
exception. Several anticipated challenges were overcome during the planning and design process, while other 
challenges developed during the execution of the work, which is not uncommon. The following summarizes a 
number of key challenges and lessons learned: 
 

a. CCTV inspection work should be used for assessing the internal condition of mains under “live” 
conditions before abandonment. This provides critical information on main condition and cleaning 
requirements at the planning stage of a project prior to mobilization. 

b. Testing for any potential water intrusion points could have been performed prior to main abandonment 
by lowering the operating pressure from 15 psig to 0.25 psig.  Such information would also have been 
useful at the planning stage to help characterize water intrusion as light, medium or heavy. 

c. All the equipment associated with water-jet cleaning should have been prescheduled prior to project 
start as a contingency in the absence of any live CCTV inspection records outlined in item a. above. 

d. Closer design scrutiny should have been given to the use of three vacuum trucks vs. four trucks for 
effective grit removal prior to job start. 

e. A more effective back-up plan in the event of unanticipated grit build-up in the pipe should have been 
developed. This could have potentially reduced the amount of time needed to remove the grit using a 
more effective process with better grade hoses. 

f. More training should have been performed to gain greater familiarity with the heavy lining-related 
equipment, including hands-on practice sessions. 

g. Due to the lack of experience with the lining equipment and concerns with premature resin curing, 
epoxy resin should have been used for the entire project.  This would have added significant pot-life 
and time to lining equipment set-up activities. 

h. While it is quite uncommon to experience hurricanes in the northeast and luck was on our side, in 
retrospect it would have been better to have performed the work in the Spring  to completely avoid the 
Fall hurricane season altogether. 
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