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1 ABSTRACT	

Williams Gas Pipeline has a large compressor station at Wadley, Alabama with 15 large slow speed 
integral reciprocating compressors and two centrifugal compressors, feeding multiple pipelines. Recently 
the surge piping of one of the centrifugal compressors (Unit 16) was changed for process reasons. This 
relatively small change in piping resulted in high vibration in the common 42 inch discharge header. This 
resulted in small bore piping failures and high vibrations at the surge control valve and associated piping 
of the centrifugal compressor.  

This paper is a case study about the acoustic resonances in yard piping and headers. It illustrates that 
small piping changes can generate unintended consequences to the station reliability. The authors will 
illustrate the field and design issues involved in modifying compressors and piping at pipeline stations. 

2 BACKGROUND	

Williams Gas Pipeline Station 110 is located in Wadley, Alabama. This facility is a natural gas compressor 
booster station. Currently there are 17 compressors on site; 15 Cooper Bessemer low speed (240 – 250 
RPM) integral reciprocating compressors and two centrifugal units, see Table 1 for the list of 
compressors. Only one of the centrifugal compressors is tied into the piping system with the reciprocating 
compressors.  

Table	1.	Equipment	Description	

Unit  Manufacturer  Type  HP # of
Cylinders 

Bottle Internals

1 Cooper-Bessemer  GMW-10  2,500 3 Empty Bottle 
2 Cooper-Bessemer  GMW-10  2,500 3 Empty Bottle 
3 Cooper-Bessemer  GMW-10  2,500 3 Empty Bottle 
4 Cooper-Bessemer  GMW-10  2,500 3 Empty Bottle 
5 Cooper-Bessemer  GMW-10  2,500 3 Empty Bottle 
6 Cooper-Bessemer  GMW-10  2,500 3 Empty Bottle 
7 Cooper-Bessemer  GMW-10  2,500 3 Empty Bottle 
8 Cooper-Bessemer  GMWA-10  2,625 3 Filters 
9 Cooper-Bessemer  GMWA-10  2,625 3 Filters 

10 Cooper-Bessemer  GMWC-10  3,400 3 Filters 
11 Cooper-Bessemer  GMWC-10  3,400 3 Filters 
12 Cooper-Bessemer  GMWC-10  3,400 3 Filters 
13 Cooper-Bessemer  10V-250  3,400 3 Filters & Secondary Volumes 
14 Cooper-Bessemer  16V-250  5,500 8 Filters & Secondary Volumes 
15 Cooper-Bessemer  16V-250  5,500 8 Filters & Secondary Volumes 
16 Solar  Mars  15,000 N/A N/A 
17 Solar  Titan  20,500 N/A N/A 

The initial units were installed in 1951 and over the next 59 years the station has gone through a variety 
of additions and modifications to accommodate growing demand and address unforeseen process issues 
and vibration problems. A brief history of the station is as follows: 

• In March of 1951 Williams installed five reciprocating compressors. 
• By October of 1951 Units 6 and 7 were added. 
• In 1958 additional compression was required and Units 8 and 9 were brought online. 
• Unit 10 was added in 1962. 
• Units 11 through 14 were introduced in the 1960s. 
• Unit 15 was installed in 1971. 
• In 1989 another expansion was implemented and Unit 16 was installed. 
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Evaluation using standard pulsation theory ended up at a dead end. Each time a potential solution 
was identified it reduced forces in one area and created a new problem in another area. As shown in 
Figure 12, adding a quarter wave resonator off the Unit 16 discharge piping had a big impact in 
lowering the shaking forces that were exciting the surge valve, but increased some of the forces that 
resulted in the small bore failure on the Unit 14, 15 and 16 header.  

Figure	12.	Attempts	to	Lower	Centrifugal	Lateral	Forces	Increased	Forces	in	Other	Areas		

After more than 80 modifications were evaluated, a final solution was found that met the following 
criteria: 

• Reduced forces in the areas of concern 
• Avoided consequences in other areas of the plant 
• Did not add any significant pressure drop 
• Was relatively easy for Williams to implement 

Since there is no perfect solution to this complex problem, the design team focused on finding an optimal 
approach. The final solution involves removing the header for Units 14, 15 and 16 (eliminates some of the 
problem pipe spans) and discharging units 14, 15 and 16 directly into the 42 inch diameter common 
header. There will also be some speed limitations for the rare operating case where any two or three of 
Units 14, 15 & 16 are offline at the same time. Restraint speed on a couple of units was an acceptable 
solution for the operations team.   

The final step in the process is to assess the piping flexibility (thermal analysis). This may require 
enhancements to piping supports in the affected area. At the time of writing, the study is underway.  
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Unfortunately, this solution creats higher forces in other areas. This 
example illustrates that a station model is needed to determine the 
best overall solution.

Lowered Unit 16 centrifugal lateral 
forces by 39% by adding a quarter 
wavelength to end of lateral 
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4 LESSONS	LEARNED		

Incremental changes to a compressor station can create unintended consequences.  In this case, a 
variety of seemingly minor changes over many years created station-wide reliability issues. 

When modifying a compressor station, a station acoustical model would be helpful to point out pulsation 
forces, pressure drop, and performance impacts with a proposed design (prior to starting construction). 
Evaluating alternatives is very quick and cost effective, compared to the costs involved in making 
changes after the system is commissioned.  
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