Public Quarterly Report

 
Date of Report: 5th Quarterly Report, December 22, 2023
Contract Number:  693JK32210009POTA
Prepared for: Government Agency: DOT and Co-funders
Project Title: Innovative Leak Detection Methods for Gas and Liquid Pipelines
Prepared by: Pipeline Research Council International, Inc.
Contact Information: Gary Choquette: gchoquette@prci.org phone: 402-917-3395
For quarterly period ending: December 31, 2023

1: Items Completed During this Quarterly Period:

	Item #
	Task #
	Activity/Deliverable
	Title
	Federal Cost
	Cost Share

	9
	6
	Flow pattern matching and data bin method analysis
	Submitted with this report
	$19,253 
	$17,053

	12
	3
	Host site review checklist development
	Submitted with this report
	$16,121 
	$13,921

	15
	1
	Quarterly project management & status update
	Submit 5th quarterly report
	$1,246 
	$3,446


2: Items Not Completed During this Quarterly Period:

	Item #
	Task #
	Activity/Deliverable
	Title
	Federal Cost
	Cost Share

	7
	4
	PODS draft SCADA interface data model
	Results to be included in quarterly report
	$23,796 
	$23,796 

	13
	5
	Quasi transient pack sensitivity analysis
	Results to be included in quarterly report
	11,395
	11,395


3: Project Financial Tracking During this Quarterly Period:
Note that this chart reflects Federal share only.
[image: image1.emf]$396,196

$242,000

$4,702

$81,028

$44,748

$32,400

$28,762

$50,023

$2,319

$21,126

$40,868

$58,794

$24,589

$6,837

$4,702

$57,232

$44,748

$32,400

$15,114

$0

$0

$0

$0

$0

$0

$0

$154,196

$0 $50,000 $100,000 $150,000 $200,000 $250,000 $300,000 $350,000 $400,000

Quarter 1

Quarter 2

Quarter 3

Quarter 4

Quarter 5

Quarter 6

Quarter 7

Quarter 8

Quarter 9

Quarter 10

Quarter 11

Quarter 12

Invoice Running Total

Total Project Amount

Remaining Amount

Not Yet Invoiced

Quarterly Payable Milestones/Invoices - 693JK32210001POTA

Total Project Amount

OTA Projected Invoice

Actual Invoice


4:  Project Technical Status 
Host Site Data

The data quality review of the host site data has been completed. Some very minor issues were identified; none that would substantially impact LAUF calculations. 

The host data has been added to a database and blinded of operator specific identification information per the terms of PRCI’s non-disclosure agreement with the host site. 

PODS draft SCADA interface data model

Work was started but has been halted as the model should be built upon lessons learned from receiving and processing the operator data as well as the Quasi transient pack sensitivity analysis. This is not expected to alter the planned completion date of the project.
Flow Pattern Matching

Flow pattern matching analysis was completed and the associated VBA code has been generated. The method ultimately selected uses a multi-input least square regression as compared to the boundary measurement(s). The method utilizes a matrix decomposition and requires more sample points of data than there are meters within a zone. 

Additional analysis completed since the last report has confirmed that any deviations between the estimated error and the true measurement error is caused by errors in the boundary measurement and measurement noise. 

In addition to the regression methods, correlation coefficients and confidence factors were calculated. The correlation coefficient is the absolute value of the Pearson correlation where a value close to 1 indicates that there is a strong correlation between the input data the corresponding zone imbalance. The confidence factor is an empirical parameter based on the overall fraction of the flow at a given meter relative to the total flow in the zone as well as the standard deviation in the flow as a fraction the total zone flow. Meters with a high fraction of the total zone flow with a corresponding large standard deviation will produce a high confidence factor. Generally, the closer these values are to 1.0, the more confidence there is that the estimated error is correct. Sample results using 25 rows of measurement data:

Table 1 - Estimated errors, case 1 with system noise
	Meter
	Estimated Error
	Correlation Coeff
	Confidence Factor
	Maximum
	Minimum
	Actual Error

	A
	5.20%
	0.91
	0.98
	23.54
	0.31
	5.00%

	B
	2.64%
	0.91
	0.85
	15.53
	1.03
	2.25%

	C
	-5.29%
	0.67
	0.94
	14.31
	0.95
	-5.00%

	D
	1.18%
	0.83
	0.74
	12.07
	0.32
	0.85%

	E
	0.58%
	0.60
	0.81
	30.03
	0.12
	0.23%


Table 2 - Estimated errors, case 1 without noise

	Meter
	Estimated Error
	Correlation Coeff
	Confidence Factor
	Maximum
	Minimum
	Actual Error

	A
	5.00%
	0.91
	0.99
	23.54
	0.31
	5.00%

	B
	2.25%
	0.90
	0.84
	15.53
	1.03
	2.25%

	C
	-5.00%
	0.66
	0.94
	14.31
	0.95
	-5.00%

	D
	0.85%
	0.87
	0.72
	12.07
	0.32
	0.85%

	E
	0.23%
	0.59
	0.80
	30.03
	0.12
	0.23%


Table 3 – Estimated errors, case 2

	Meter
	Estimated Error
	Correlation Coeff
	Confidence Factor
	Maximum
	Minimum
	Actual Error

	A
	0.34%
	0.36
	0.79
	22.47
	0.30
	0.23%

	B
	-1.41%
	0.60
	0.79
	14.91
	0.99
	-1.85%

	C
	0.68%
	0.90
	0.83
	15.24
	1.01
	1.15%

	D
	0.41%
	0.97
	0.71
	11.95
	0.31
	-0.20%

	E
	3.03%
	0.93
	0.99
	30.78
	0.12
	2.75%


The method has proven to be reliable enough to begin analytics on host supplied data to look for measurement anomalies. 

Because system noise is a significant factor in accurately estimating meter measurement errors, a section will be added to the report on recommendations to help minimize system noise. This was not planned as part of this study but will be included because of its significance with the costs incurred to be borne solely by PRCI. 

Quasi transient pack sensitivity analysis
A significant amount of analysis has been completed utilizing PRCI transient data. The PRCI data was selected over host site supplied data because it has more granular data and purposely induced transients. The data shows that significant errors in lost and unaccounted are generated is pipeline pack (inventory) is not properly accounted for in gaseous systems. 

Although the work anticipated for the project has been completed, PRCI is working to identify a simplified model that is more accurate than the commonly used steady-state pipeline pack calculation methods. This will require a modification to the databases typically used by pipeline operators for pack calculation in that most existing pack calculation use a volume factor; that will have to be replaced by diameter and length factors to better model the transient effects of pack. PRCI intends to do more work than originally proposed at no additional cost PHMSA. This may impact the project schedule but it is not currently anticipated that it will impact the overall completion date. This will delay the PODS work as compared to its original planned completion date.

5: Project Schedule
The project is on schedule based upon the work completed despite having some tasks lag behind. Overall, the project is estimated at 43% complete which is ahead of plan of 36% by end of project Q5.
