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Facility Description 
 
Back in 1931, Citizens Tunnel was designed and built to house multiple gas pipelines to supply the 
growing needs of the Red Hook, Brooklyn area in KeySpan’s New York City service territory. It is located 
at the outlet of the Citizens Gate M&R Station and crosses under the Gowanus Canal. The tunnel is 
approximately 136’ long and is made up of two tubes joined in the center with inside dimensions of 8’- 8” 
in diameter. Overall inside dimensions are 14’ wide by 8’-8” high. The tunnel houses two active pipelines 
carrying natural gas. One of the active pipelines is a 30” cast iron gas main operating at 15psig and it is 
located in the north tube of the tunnel. The other active pipeline is a 16” steel gas main operating at 60psig 
and it is located in the south tube of the tunnel on pipe supports above a retired 30” cast iron gas main.  The 
tunnel also houses a retired 8” water main located in the south tube on pipe supports above the retired 30” 
cast iron gas main and below the 16” steel gas main.  
 
The tunnel is accessed by two (2) vertical shafts approximately 36’ deep on both the East and West ends.  
The inside dimensions of the shafts are approximately 12’ x 16’ with spiral staircases within giving access 
to the tunnel from either side. The space in the tunnel is defined as a “Confined Space” according to OSHA 
Regulations since it is large enough and configured so that an employee can bodily enter, has limited or 
restricted means of entry and exit, and is not designed for continuous employee occupancy. 

 
Pipeline Integrity Assessment  
The 16”-60 psig steel gas main had a corrosion history which was attributed to coating failure. The 
regulator station located immediately upstream of the active pipelines in this tunnel reduces the gas 
pressure and as a result the temperature of the gas is reduced to approximately 40°F. Hence, the tunnel 
environment is very humid during the warmer weather and condensation develops on all tunnel surfaces.  
This condensation typically drips from the tunnel ceiling onto the gas main surfaces deteriorating the 
coating and the underlying steel pipeline.   
 
In order to determine if deterioration of the steel pipeline under the coating had progressed, Guided Wave 
ultrasonic technology was used to assess wall loss. Guided Wave technology was selected to enable 
inspection of the entire pipeline length without having to remove the coating. Inspection results indicated 
that pipe deterioration had not progressed with respect to location; however, progression of deterioration in  
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known areas of corrosion required further inspection since the technology could only identify volumetric 
wall loss and not depth and length of deterioration. In an effort to confirm the results of the guided wave 
inspection without removal of the coating, radiography was used. As a result of radiographic inspection, it 
was discovered that all the girth welds along the horizontal portion of the pipeline were significantly below 
today’s standards for weld integrity and a decision was made to replace it in 2005.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 Guided Wave Transducer 
 
Replace Versus Rehabilitate 
As the scope of work to replace that section of main was being developed, it became apparent that it would 
be very difficult and costly to replace the main. The existing main would have to be cut into 10 foot long 
sections in order to fit through the vertical shafts for removal. Cut pipe sections would have to be lowered 
from the pipe supports to the tunnel floor and conveyed down the tunnel on temporary conveyor or trolley 
system for exit through the vertical shafts. The new main would also have to be lowered through the 
vertical shafts in 10 foot sections, conveyed, lifted onto the pipe supports, and then welded in place. 
Confined space conditions would require independent air change systems for removal of welding fumes 
and supplemental ventilation. Removal and replacement of pipe sections in the tunnel would require 
extensive rigging for lifting and lowering of pipe sections. Fall protection for personnel as well as 
equipment, tools, and materials would also be required. On-site emergency response teams would be 
needed at both tunnel shaft exits as well. 
 
Rehabilitation with a Cured-In-Place (CIP) lining system seemed to be a potential solution. KeySpan had 
recently begun working with Progressive Pipeline Management (PPM) using the Starline®2000 CIP lining 
system to line steel and cast iron pipelines with great success. KeySpan had funded the successful ASTM 
testing of the Starline®2000 system to increase the pressure rating from 60 psig to 100 psig so that the liner 
could be used to reduce replacement costs of steel pipelines installed prior to 1960 operating on its 99psig 
system. One of the test requirements of the ASTM standard is to sustain 100psig of pressure for a 24 hour 
period after two contiguous lined pipe segments are pulled apart until there is a 2” separation between 
segments. Passing this test requirement, enabled KeySpan to gain the confidence that lining could be used 
to rehabilitate steel mains with poor weld integrity in the event of complete weld failure and full pipe 
separation.   
 
 
The Lining Process 

Progressive Pipeline Management (PPM) is the licensed installer of Starline®2000 in the US. The 
Starline® process was designed solely for the rehabilitation of aging and leaking metallic gas and pressure 
pipelines. Adding 50 years of new life to the existing pipeline, the process involves the inversion of a 
woven fabric liner with an impervious plastic coating into the pipeline needing repair.  After the pipe has 
been sufficiently cleaned, a solvent-free adhesive is uniformly impregnated into the fibers of the liner and 
then inverted into the pipe using air pressure.  The adhesive impregnated fibers come into direct contact 
with cleaned pipe where it remains under pressure during the required curing time.  



 

 Liner Inversion 
 
 
Pre-Construction Testing 
 
Configuration of the pipeline in the tunnel would present challenges for the use of CIP lining. Two major 
obstacles would need to be overcome. The first, a vertical installation had never been performed before.  
Although the inversion pressure would theoretically generate sufficient force to pull the weight of the liner 
and adhesive down and back up the second vertical pipe riser, the pipeline configuration would not allow 
the grit blast equipment used to clean the inside pipe surface to be pulled through both pipe risers. 
However, if a section of pipe was removed from the center of the tunnel, then the pipeline could be lined in 
two (2) sections from the top of the tunnel shafts. This would allow the grit blasting nozzle to be lowered 
down each riser with the vacuum head attached to the open end of pipe in the tunnel center for waste 
removal.  
 
The second obstacle was the need to line through back to back elbows. This was not recommended by the 
installer or manufacturer because previous experience in smaller diameter mains had been problematic. 
Under normal installation procedures, a retention belt is attached to the liner as it is inverted in the pipeline 
under pressure. This belt allows the liner to slowly advance down the pipe and prevents it from running 
away. When the liner was inverted through back to back elbows in the past, the retention belt wore a hole 
through the plastic coating on the liner along the inside radius of the elbow. Since this plastic coating acts 
as the pressure vessel, any breach in the coating prior to curing of the adhesive prevents inversion pressure 
from being maintained.  Since the elbows used in the Citizen’s tunnel were long radius and the diameter 
was 16 inch, it was believed that the friction generated by the retention belt on the inside radius of the 
elbow would be spread over a larger surface area and would not wear through.  
 
In order to confirm this theory, a full scale mock up was fabricated at KeySpan’s Weld Shop in their 
Greenpoint yard to simulate each vertical leg pipe configuration in the tunnel. This mock up was then grit 
blasted and lined by PPM using the Starline 2000 CIP lining process. The lining test was successful and 
validated the theory. Since this test minimized the risk of failure, KeySpan decided to move ahead with the 
full scale tunnel application. 

 
 
 Full Scale Mock-Up   Mock-up Being Lined 



Tunnel Application 

As this project was more complex than most, coordination among various departments within KeySpan and 
PPM management took place prior to construction.  The pipeline was taken out of service, purged free of 
gas and cut to allow PPM to perform their work.  The coordination to take down this critical feed line was a 
significant undertaking for KeySpan.  In addition, KeySpan’s welders and field crews also were intimately 
involved in project logistics given the location and complexity of the pipe configuration inside the tunnel.  
After the main was removed from service, a six (6) foot spool piece was removed from mid-span in the 
center of the tunnel and entry pits were excavated at grade just outside the shaft wall penetrations on each 
side of the canal.   

PPM started their evaluation of the interior of the pipeline by camera inspection.  What is learned during 
the inspection will help in determining a course of action.  Being able to see inside the pipeline before any 
work is done enables the lining crew to prepare for any anomalies such as weld protrusions, etc.  A 
thorough inspection was performed using a tethered robotic camera.  It was at this point that several long 
weld slag protrusions were identified in the pipeline.  Manual and robotic grinders were used to remove the 
weld slag to a point where it was determined to be safe for the liner.    

PPM’s lining crew must also clean the interior of the pipeline before any lining can take place.  Abrasive 
blasting of the internal pipe walls with PPM’s proprietary system was performed while simultaneous 
recovery of spent abrasive and waste through the opposite end was accomplished using a large vacuum 
truck.  The abrasive blast nozzle and hose is winch pulled back through the pipeline to clean the inside 
surface of the pipeline.  An 8-inch vacuum hose was run down the vertical shaft of the tunnel to the 
midpoint of the pipe configuration to provide recovery of the abrasive.  This process was repeated until the 
interior walls of the pipeline were clean of all loose scale, rust, corrosion and oils.    

The pipeline was then lined in two individual sections. Each pipe section required one day for cleaning and 
lining with a 12 hour overnight period for adhesive curing to allow the liner to bond to the pipe walls. After 
the liner had cured, PPM performed a post-lining camera inspection. The lining process was a complete 
success, traversing through multiple vertical and horizontal bends stopping at the center of the tunnel as 
expected.   
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Conclusion 

KeySpan then pressure tested the newly lined main to 90 psig, reconnected the pipe, and gassed in the 
segment.    From shut down to re-light, the project took less than 6 days to complete.  Conventional 
replacement was estimate to take several months. The costs savings on this project was estimated at 
approximately $500,000 when compared to conventional replacement methods.    
 




