Dent Management Tool – Assessment of Operator Data
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[bookmark: _Toc442609808]1	Introduction

The UKOPA Dent Management Strategy (DMS) has been developed to provide guidance for the safe management of pipeline dents. It applies to the assessment of plain dents, dents with associated corrosion and dents associated with welds. Dents associated with gouges are not permitted under the guidance. It applies to pipelines constructed from line pipe material up to and including grade X65 operating at a maximum hoop stress level of 72% specified minimum yield stress (SMYS). 

The detailed DMS guidance (detailed in document UKOPA/14/016) has been developed as an interactive Excel-based Dent Management Assessment Tool for the analysis of operator data. A questionnaire was circulated to members during 2014 for collection of operator data. The Dent Management Assessment Tool is described and the results of the application of the tool to assess data provided by pipeline operators are detailed in this report. 
[bookmark: _Toc442609809]2	UKOPA Dent Management Assessment Tool

The UKOPA Dent Management Assessment Tool applies the dent static and fatigue assessment rules detailed in the DMS Guidance document (UKOPA/14/016) to input data to assess the priority for site investigation or to confirm that no further action is required.

The tool is constructed as working spreadsheet entitled “Input Data”, which is used to input data for individual dents as described below. The data and the assessment result is presented when the tool is activated by clicking on the command button labelled “Management Tool”, as shown in Figure 1.

Note, the current version of the tool requires a full size screen to display correctly.
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Figure 1 – Dent Management Assessment Tool showing Command Button

The spreadsheet column headers indicate the data required. Data is entered using interactive data input boxes which require data input in sequential order, as shown in Figure 2.
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Figure 2 – Sequential Data Input Boxes
Where possible, the data is input is selected using drop down lists to avoid errors. On completion of each data input box, the “Check Data” button becomes active, which is used to review the data for potential errors. If the data is confirmed to be acceptable then the “Save” button becomes active, allowing the input data to be transferred to the spreadsheet.

The prioritisation flow chart shown in Figure 3 is then implemented. The flow chart is based on that present in the DMS guidance document. This flow chart takes the user through the series of questions which, together with the input data, allow the dent to be prioritised for investigation. 
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Figure 3 – Flow Chart for Dent Prioritisation Algorithm

The user follows the relevant Y/N controls to select the correct path. The flow chart lines shade as the control questions are selected to show the progress through the flow chart. Some questions, such as weld type require a more detailed response, for example weld quality. In such cases relevant selections are provided in drop down boxes. Data is re-entered or corrected by clicking the “Re-Enter Data” control button, this will revert the last response made. The process is shown in Figure 4.
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Figure 4 – Using the Dent Prioritisation Flow Chart

When the questions are complete, the priority is indicated in red, and the prioritisation is saved to the spreadsheet using the “Save” button.

Where the dent assessment process confirms that the static assessment rules are satisfied but the dent depth is greater than 2% OD or the strain is greater than 4%, a fatigue assessment is required, as shown in Figure 5.
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Figure 5 – Data for Fatigue Assessment

The pressure or stress cycle data (as chosen by the user) is entered using the interactive data input boxes. Where the dent has associated corrosion a corrosion length and width are required. 
The results of the fatigue assessment are presented as shown in Figure 6. The fatigue life is first screened using the EPRG fatigue model, which provides a conservative estimation of the fatigue life. If the EPRG fatigue life is exceeded, a dent SCF is calculated and the BS 7608 Class B S-N curve is used to calculate a more realistic fatigue life.
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Figure 6 – Results of Fatigue Assessment

The results are presented in the spreadsheet as shown in Figure 7. The pipeline and dent data columns are populated by data from the interactive data input boxes and the fatigue calculation results boxes, the questions selected in the flow chart are shown as shaded Yes or No entries, or as N/A if the answer is not required. The last two columns give the priority rating as a number and as a data bar which provides a visual representation.
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Figure 7 – Results as Presented by the Dent Assessment Tool 
[bookmark: _Toc442609810]3	Use of Tool for Assessment of In Line Inspection Data
The worksheet entitled “ILI Dent Assessment” is used to assess and rank data extracted from the in-line inspection (ILI) results report. This worksheet gives the dent priority for investigation as predicted by dent prioritisation algorithm. The layout and data requirements are shown in Figure 8.
Pipeline data is input to the two data boxes at the top of the worksheet. Relevant columns of data Aare then copied from the ILI results file and pasted into columns A to L under the column headings in row 15, following the stated data format given in row 14. Individual columns are left blank if the data is not available.
The tool is activated by clicking on the command button labelled “Management Tool”, as shown in Figure 8, and the prioritisation results and comments are given in Column O.
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Figure 8 ILI Dent Assessment - Layout and Data Requirements
[bookmark: _Toc442609811]4	Assessment of Operator Data

A questionnaire detailing the data required to carry out a dent assessment was compiled and circulated to operators. The data required is summarised in Appendix 1.

Data returned by operators was analysed using the Dent Management Assessment Tool. Data was returned by 8 gas and liquid pipeline operators. The results are summarised in Table 1, and in the excel file entitled “Operator Data Assessment” inserted as an object below.

The data was compiled and 29 cases were selected for analysis. These included two check cases (Case 25 and Case 26), in which the lines were subject to cyclic pressures but where there were no dent features reported. A dent fatigue assessment in these cases was performed by assuming a dent of 2% OD existed in each pipeline.  Note also that Case 28 is reported as repaired, Case 29 is the next largest dent in the same pipeline. 
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Table 1 – Dent Management Assessment Tool – Results of Analysis of Operator Data



Of the 29 dent cases assessed, 18 require no further action, 9 require further investigation and 2 are check cases for a pipeline with no reported dent features, but with an assumed dent of depth 2% OD. A fatigue assessment was carried out for 19 cases; of these, 13 exceeded the EPRG fatigue life assessment but were acceptable when assessed using the calculated dent SCF and the BS 7806 Class B SN curve.

The data included in Table 1 and the excel file covers the largest dents in approximately 2,300 km of gas and liquid pipelines operated by  UKOPA members.

[bookmark: _Toc442609812]5	Conclusions

4.1	The DMS guidance (detailed in document UKOPA/14/016) has been developed as an interactive Excel-based Dent Management Assessment Tool for the analysis of operator data.
 
4.2 	The tool and is application are described for use by UKOPA members.

4.3	The Dent Management Assessment Tool has been used to assess data provided by 8 UKOPA members representing the maximum size dents on 2,300 kms of gas and oil pipelines operated by UKOPA members.

4.4 	The results of 29 dent cases selected from the data supplied are presented in terms of the priority for further investigation or confirming no further action.

4.5	Of the 29 dent cases assessed, 18 require no further action, 9 require further investigation and 2 are check cases for a pipeline with no reported dent features, but with an assumed dent of depth 2% OD.

4.6	Fatigue assessment was carried out for 19 cases, of these 13 exceeded the EPRG fatigue life assessment but were acceptable when assessed using the calculated dent SCF and the BS 7806 Class B SN curve.
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Results







								Dent Management Assessment Tool



				Pipeline Reference		Year of Commissioning		Diameter (mm)		Wall Thickness (mm)		Length (km)		Material Grade		Operating Pressure (barg)		Dent ID Number		Orientation (hh:mm)		Depth at Pressure (%OD)		Weld Quality		Cycle Min Pressure		Cycle Max Pressure		Cycle History		EPRG Fatigue Life		SN + Dent SCF Fatigue Life		Kinked		Interacts with metal loss or other defects		Corrosion <20% wall thickness		Interacts with weld or weld not visible		Weld in "poor" category		Weld in "probably good" category		Depth <2% or strain <2%		Depth <2% or strain <4%		Evidence of external interference or coating damage?		Depth <7% or Strain <6%		Fatigue Analysis  EPRG or FEA Life exceeded		Constrained?				Priority

				Case 1		1966		711		7.14		14		X52		50.5		Dent 1		12:00		2.2		N/A		15		32		11880		11710.9886222064		169466.248271958		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 2		1966		711		7.14		14		X52		50.5		Dent 2		6:00		5.6		N/A		15		32		11880		1576.9616290926		38913.253882331		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 3		1966		711		7.14		14		X52		50.5		Dent 3		6:00		2.38		Probably Good												No		No		N/A		Yes		No		Yes		No		N/A		N/A		N/A		N/A		Yes				11		7

				Case 4		1964		457.2		10.31		17		X46		38		Dent 4		12:00		N/A		Poor												No		No		N/A		Yes		Yes		No		N/A		N/A		N/A		N/A		N/A		No				4		14

				Case 5		1964		457.2		10.31		17		X46		38		Dent 5		12:00		3		N/A		0		50.6		348		930.8890334641		N/A		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 6		1960		219.1		7.04		114		B		49.5		Dent 6		12:00		N/A		Poor												No		No		N/A		Yes		Yes		No		N/A		N/A		N/A		N/A		N/A		No				4		14

				Case 7		1940		273		7.8		116		B		49.5		Dent 7		12:00		N/A		Poor												No		No		N/A		Yes		Yes		No		N/A		N/A		N/A		N/A		N/A		No				4		14

				Case 8		1940		323.8		7.14		140		X42		80		Dent 8		12:00		N/A		Poor												No		No		N/A		Yes		Yes		No		N/A		N/A		N/A		N/A		N/A		No				4		14

				Case 9		1967		219.1		7.04		145		X42		90		Dent 9		6:00		6.9		N/A		65		90		17155		14285.5800436093		648354.299680288		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 10		1979		273		7.09		250		X52		90		Dent 10		12:00		6.9		N/A		65		95		12775		3874.8312231543		133444.487272464		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 11		1991		273		7.92		233		X52		90		Dent 11		12:00		1.9		Good		0		100		7084		90.6685657424		12626.1266813795		No		No		N/A		Yes		No		No		N/A		Yes		No		Yes		No		N/A				No Further Action

				Case 12		1973		406.4		6.35		229		X52		90		Dent 12		12:00		2.84		N/A		35		70		10250		2045.8415408967		36225.9005767044		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 13		1973		406.4		6.35		229		X52		90		Dent 13		12:00		2.7		Probably Good												No		No		N/A		Yes		No		Yes		No		N/A		N/A		N/A		N/A		No				5		13

				Case 14		1973		406.4		6.35		229		X52		90		Dent 14		6:00		2.85		Probably Good												No		No		N/A		Yes		No		Yes		No		N/A		N/A		N/A		N/A		Yes				11		7

				Case 15		1973		406.4		6.35		229		X52		90		Dent 15		6:00		3.98		N/A		35		70		10250		991.6172607953		21182.1356153499		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 16		1975		914.4		9.52		213		X65		69		Dent 16		12:00		5.7		N/A		30		50		9750		715.8796682049		22873.4443864953		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 17		1975		914.4		9.52		213		X52		69		Dent 17		6:00		2		N/A		30		50		9750		2828.0458364832		119997.142060202		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action		7

				Case 18		1975		762		7.92		19.2		X52		49		Dent 18		12:00		4.2		Probably Good												No		No		N/A		Yes		No		Yes		No		N/A		N/A		N/A		N/A		Yes				11		7

				Case 19		1975		1066.8		12.7		4.2		X42		50		Dent 19		6:00		7		Probably Good												No		No		N/A		Yes		No		Yes		No		N/A		N/A		N/A		N/A		Yes				11		7

				Case 20		1975		323.8		10.31		25.2		X42		70		Dent 20		12:00		2		N/A		30		50		9750		320581.251670102		N/A		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 21		1992		323.8		5.56		53.45		X60		88.5		Dent 21		6:00		2.1		N/A		28.5		88.5		191		1753.1129120248		N/A		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 22		1992		323.8		5.56		53.45		X60		88.5		Dent 22		12:00		2.1		N/A		28.5		88.5		191		1753.1129120248		N/A		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 23		1969		273		6.35		99.5		X52		82.7		Dent 23		12:00		3.4		N/A		22.7		82.7		846		1117.4044434609		N/A		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 24		1972		219.1		9.52		2.5		B		82.7		Dent 24		12:00		1.7		N/A		22.7		82.7		735.3		20639.0431357715		N/A		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 25		1981		273		4.78		115.6		X52		79		CHECK		12:00		2		N/A		24		79		2074		2437.4180992017		N/A		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 26		1962		323.8		6.35		103.5		X42		76		CHECK		12:00		2		N/A		0		76		3620		479.1619962237		7244.7118357473		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 27		1963		168.3		5.56		133		B		99.3		Dent 25		12:00		2.7		N/A		13.3		99.3		3074		1643.8190865785		21571.7395509285		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 28		1962		168.3		5.56		133		B		99.3		Dent 26		12:00		3.4		N/A		13.3		99.3		3074		1002.3211642777		14865.4799425822		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action

				Case 29		1985		355.6		5.56		185.5		X60		88.5		Dent 27		12:00		2.8		N/A		0		88.5		666		180.2621376475		909.3714513201		No		No		N/A		No		N/A		N/A		N/A		N/A		No		Yes		No		N/A				No Further Action



						Notes:		Completed dent questionnaires received from 8 operators

								29 cases above assess the largest top of line and bottom of line plain dents and dents associated with welds 

								Cases represent maximum dents in approximately 2300 kms of UKOPA member pipelines (gas and liquid)



								The cases above represent the maximum size dents reports



								Two CHECK cases (25 and 26) are included, the pipelines concerned have not reported dent features, the faigue life is calculated fotr an assumed 2% OD dent 



								Case 28 is reported as repaired, Case 29 is the next largest dent on the same pipeline



								Pressure cycle assumptions to be checked with operators
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