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Executive Summary 
Kings Lynn compressor station was commissioned in 1971 and over the years has 
been subject to significant modifications, concerning both piping arrangement and 
operating conditions; most notably the installation of the bi-directional pipework in 
1998 and pigging loop in 2003. National Grid hope to achieve continued operation of 
the bi-directional area up to 2050 and have requested a fatigue study be undertaken 
to consider both past and future usage, giving due consideration to the modifications 
stated. 
 
Pressure and temperature cycling data for the site have been provided from July 2015 
to August 2021, which is to be used for predicting past and future fatigue usage from 
1998 to 2050. In the absence of site operating conditions pre-installation of the bi-
directional area it is proposed to consider Industry Best Practice operating conditions, 
in accordance with IGE/TD/12, when considering fatigue usage from 1971 to 1998. 
 
The purpose of this study is to: 
 

 Perform a rainflow-counting analysis to determine the number of discrete 
pressure and temperature cycles between 2015 and 2021, for forward and 
reverse flow operation. 

 Create piping models to consider the significant piping arrangement changes 
between 1971 and 2003. 

 Perform a fatigue assessment of the site to the requirements of IGE/TD/12 
taking into account past and future operation to 2050. 

 Identify which fittings, if any, would be at risk of failing by fatigue. 
 

The purpose of this report is to describe the analysis that was undertaken, to set out 
the conclusions and to make any recommendations as is necessary. 

Conclusions 

1. National Grid have provided temperature and pressure data recorded at Kings 
Lynn compressor station between 2015 and 2021. 

i. The data has been censored to remove negative pressures. 

ii. The temperature data has not been utilised due to numerous 
occurrences of unrealistic sub-zero and >50°C readings. 

2. A Rainflow-counting analysis has been undertaken of the censored pressure data 
to determine the number of discrete pressure cycles for the loadcase pressure 
ranges recommended in IGE/TD/12. 

3. Piping stress models have been created to capture the significant piping 
arrangement modifications from 1971 to 2021.   

4. Fatigue analyses have been assessed to consider both non-factored and factored 
(factor of 10 on actual cycles) fatigue usage when considering future operation. 
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5. IGE/TD/12 fatigue analyses have been undertaken to determine the cumulative 
fatigue usage since commissioning to 2050. 

6. For the existing piping arrangement, with non-factored fatigue usage, there are four 
fatigue code stress exceptions located at two 900mm x 50mm weldolets and two 
900mm x 200mm sweepolets. 

i. The highest fatigue exception is 15.36 at a 900mm x 200mm sweepolet 
located at Node 15990. 

7. For the existing piping arrangement with factored fatigue usage there are eight 
fatigue code stress exceptions, the exceptions are located at: 

 two 900mm x 50mm weldolets, 

 four 900mm x 200mm sweepolets, 

 one 900mm x 900mm tee, and 

 one 900mm x 300mm sweepolet. 

i. The highest fatigue exception is 46.64 at a 900mm x 200mm sweepolet 
located at Node 15990. 

8. Whilst the fatigue usage values appear high it should be borne in mind that they 
are proportional to the cube of the stress ranges.  It follows that it may be possible 
to show acceptability of the fittings by undertaking a more detailed design-by-
analysis assessment involving the finite element method to remove the 
conservatism from the stress concentration factors. 

9. National Grid have also requested a fatigue study to be performed considering the 
removal of three pits on Feeder 2.  These results are reported in Appendix B.  For 
the models considering the proposed removal of the pits on Feeder 2. 

i. The same fatigue exceptions remain; however the maximum fatigue 
usage at Node 15990 reduces to 21.22. 

ii. The fatigue usage at two sweepolets is marginally exacerbated by the 
removal of all three pits. 

10. An additional assessment has been undertaken to consider the effects of removing 
Pit-2 and Pit-3 only.  

i. The predicted fatigue usage is either lower or remains unchanged from 
that observed in the existing configuration. 

ii. A summary of all assessments considered herein is provided in Table 
14 and Table 15 for soft and firm soil properties respectively. 
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Recommendations 

National Grid to advise which pits, if any, on Feeder 2 are to be removed and the 
forces and moments from the appropriate models should be used in the Stage-2 
assessment. 

National Grid to advise if the pits on Feeder 2 are to be removed and the forces and 
moments from the appropriate models should be used in the Stage 2 assessment. 
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PROPOSED REMOVAL OF PITS ON FEEDER 2 PIPING 

There are currently three pits located on the Feeder 2 piping (as shown in Figure 1) which 
National Grid are considering demolishing and backfilling with native soil. 

The following CAESARII piping models have been created to consider the fatigue usage 
from 2021 to 2050 with the pits removed. 

 2021-2050_FF_FIRM_CLAY_NO_PITS.C2 

 2021-2050_FF_SOFT_CLAY_NO_PITS.C2 

 2021-2050_RF_FIRM_CLAY_NO_PITS.C2 

 2021-2050_RF_SOFT_CLAY_NO_PITS.C2 

 

 2021-2050_X10_FF_FIRM_CLAY_NO_PITS.C2 

 2021-2050_X10_RF_FIRM_CLAY_NO_PITS.C2 

 2021-2050_X10_FF_SOFT_CLAY_NO_PITS.C2 

 2021-2050_X10_RF_SOFT_CLAY_NO_PITS.C2 

 
The number of fatigue cycles considered, and model identifiers are provided in Table B1 
and Table B2 for the un-factored and factored fatigue cycles, respectively. 

 

CASE-1 (NON-FACTORED FATIGUE USAGE) 

Considering fatigue cycling from 1971 to 2050, the predict usage is greater than unity at 
four locations. A summary of the exceptions is shown below:  

 900mm x 50mm weldolet (Node 6160). 

 900mm x 50mm weldolet (Node 6220). 

 900mm x 200mm sweepolet (Node 15990). 

 900mm x 200mm sweepolet (Node 15040). 

The maximum fatigue usage is 12.82 (at Node 15990) for the model with firm clay soil 
properties. 

The locations of the fatigue exceptions are shown in Figure 9 and details are provided in 
Table B3 and Table B4. 

 CASE-2 (FACTORED FATIGUE USAGE) 

For the Case-2 assessment, whereby the number of fatigue cycles for 2021 to 2050 have 
been factored, the predict usage is greater than unity at nine locations. A summary of the 
exceptions is shown below:  

 900mm x 50mm weldolet (Node 6070) 
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 900mm x 50mm weldolet (Node 6160) 

 900mm x 50mm weldolet (Node 6220) 

 900mm x 200mm weldolet (Node 410) 

 900mm x 200mm weldolet (Node 480) 

 900mm x 200mm sweepolet (Node 15990) 

 900mm x 200mm sweepolet (Node 15040) 

 900mm x 300mm Sweepolet (Node 15920) 

 900mm x 900mm Tee (Node 6180) 

The maximum fatigue usage is 21.22 (at Node 15990) for the model with firm clay soil 
properties. 

The locations of the fatigue exceptions are shown in Figure 9 and details are provided in 
Table B5 and Table B6. 

Comparing the results for Case-1 (non-factored fatigue usage from 2021 to 2050) it can 
be seen the removal of the pits has a beneficial effect on the two 900mm x 200mm 
sweepolets located in the region of Pit-2 and Pit-3.  

Comparing the results of Case-2 (fatigue usage factored from 2021 to 2050) it can be seen 
the removal of the pits has both a beneficial and detrimental effect on the predicted fatigue 
usage for different regions of the site. Specifically, the fatigue usage at Node 15990 
reduces from 46.64 to 21.22. However, an exception is introduced on a 900mm x 300mm 
sweepolet, at Node 15920. The exception is most likely due to the removal of Pit-1. 
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REMOVAL OF PIT-2 AND PIT-3 ONLY 

Previous analyses, detailed in the main section of this report, considered the removal of 
all three pits, Pit-1, Pit-2 and Pit-3 (See Figure 1 for pit locations), at Kings Lynn. It was 
shown that this resulted in both positive and detrimental effects to the observed fatigue 
usage in the region of the proposed modifications.  

Due to the close proximity of Pit-1 to Pit-2 an additional assessment has been undertaken, 
to better understand the influence of each pit, by considering the removal of Pit-2 and Pit-
3 only. The results of the study is presented in the below. 

 

 .1 MODELS 

 2021-2050_FF_FIRM_CLAY_NO_PITS2.C2 

 2021-2050_FF_SOFT_CLAY_NO_PITS2.C2 

 2021-2050_RF_FIRM_CLAY_NO_PITS2.C2 

 2021-2050_RF_SOFT_CLAY_NO_PITS2.C2 

 

 2021-2050_X10_FF_FIRM_CLAY_NO_PITS2.C2 

 2021-2050_X10_RF_FIRM_CLAY_NO_PITS2.C2 

 2021-2050_X10_FF_SOFT_CLAY_NO_PITS2.C2 

 2021-2050_X10_RF_SOFT_CLAY_NO_PITS2.C2 

 
The number of fatigue cycles considered, and model identifiers are provided in Table C1 
and Table C2 for the un-factored and factored fatigue cycles, respectively. 

 

CASE-1 (NON-FACTORED FATIGUE USAGE) 

Considering fatigue cycling from 1971 to 2050, the predict usage is greater than unity at 
four locations. A summary of the exceptions is shown below:  

 900mm x 50mm weldolet (Node 6160). 

 900mm x 50mm weldolet (Node 6220). 

 900mm x 200mm sweepolet (Node 15990). 

 900mm x 200mm sweepolet (Node 15040). 

The maximum fatigue usage is 12.83 (at Node 15990) for the model with firm clay soil 
properties. 

The locations of the fatigue exceptions are shown in Figure 9 and details are provided in 
Table C3 and Table C4. 
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 CASE-2 (FACTORED FATIGUE USAGE) 

For the Case-2 assessment, whereby the number of fatigue cycles for 2021 to 2050 have 
been factored, the predict usage is greater than unity at nine locations. A summary of the 
exceptions is shown below:  

 900mm x 50mm weldolet (Node 6070) 

 900mm x 50mm weldolet (Node 6160) 

 900mm x 50mm weldolet (Node 6220) 

 900mm x 200mm weldolet (Node 410) 

 900mm x 200mm weldolet (Node 480) 

 900mm x 200mm sweepolet (Node 15990) 

 900mm x 200mm sweepolet (Node 15040) 

 900mm x 300mm Sweepolet (Node 15920) 

 900mm x 900mm Tee (Node 6180) 

The maximum fatigue usage is 21.28 (at Node 15990) for the model with firm clay soil 
properties. 

The locations of the fatigue exceptions are shown in Figure 9 and details are provided in 
Table B5 and Table B6. 

Comparing the results for Case-1 (non-factored fatigue usage from 2021 to 2050) it can 
be seen the removal of the pits has a beneficial effect on the two 900mm x 200mm 
sweepolet at node 15990. 

Comparing the results of Case-2 (fatigue usage factored from 2021 to 2050) it can be seen 
the removal of the pits has a beneficial effect on the predicted fatigue usage at node 15990 
whilst all other locations remain unaffected. 

 

 














