Public Quarterly Report

 
Date of Report: 4th Quarterly Report, October 1, 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: September 30, 2023
1: Items Completed During this Quarterly Period:
	Item #
	Task #
	Activity/Deliverable
	Title
	Federal Cost
	Cost Share

	6
	2
	Inline flow measurement selection guidelines
	Submitted with last quarterly report
	$80,704 
	$40,352 

	9
	3
	Host site review checklist development
	Summary of the review and issues to be included in quarterly report
	$9,984 
	$4,992 

	10
	2
	Validation of overlapping zone balancing and statistical flow calibration on simulated systems
	Summary of the review in quarterly report
	$24,696
	$12,348

	11
	1
	Quarterly project management & status update
	Submit 3nd quarterly report
	$4,866 
	$2,433 


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 


3: Project Financial Tracking During this Quarterly Period:
Note that this chart reflects Federal share only.
Invoicing for completed tasks to date are expected in Q4 2023.
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4:  Project Technical Status 
Field Audit

The field audit of the host site was performed. The audit was largely clean but a few minor issues were identified specifically:

· Some pipeline pack calculations did not appear to be correct. Specifically, the pack differential flow and the corresponding energy did not always have the same sign convention, (i.e., the difference in volume would show a value of 0.696 but the corresponding energy would be -0.867). This is not physically possible and shows a potential error in the methods used to calculate line pack differences.
· Some very small volume meters have very high or very low apparent energy content. This appears to be related to using integer values for these meters. The overall impact is low due to the very small volumes involved.

Further follow-up with the field on the identified issues is required.

Flow Pattern Matching

Flow pattern matching analysis was completed on a simulated system. The concept is to look for changes in the differences between the sum of the receipt volumes in a zone and the sum of the related deliveries as the individual meters within the zone change volumes. A regression or a solver is then used to estimate the amount of error required at each meter (excluding boundary measurement meters) that would minimize the sum of the square of the zone flow receipt/delivery differences. As an example, with a zone that has five receipt meters (Meters A through E) and one boundary meter (F), take the following 12 different flow cases:
	Case
	Meter
	Actual
	Apparent
	Actual Error

	1
	A
	5.000
	5.179
	3.6%

	1
	B
	5.000
	4.871
	-2.6%

	1
	C
	5.000
	5.300
	6.0%

	1
	D
	5.000
	4.771
	-4.6%

	1
	E
	5.000
	6.513
	30.3%

	1
	F
	25.000
	24.745
	-1.0%

	2
	A
	2.500
	2.569
	2.8%

	2
	B
	5.000
	4.932
	-1.4%

	2
	C
	5.000
	5.261
	5.2%

	2
	D
	5.000
	4.781
	-4.4%

	2
	E
	5.000
	6.534
	30.7%

	2
	F
	22.500
	22.615
	0.5%

	3
	A
	0.000
	0.000
	0.0%

	3
	B
	5.000
	4.892
	-2.2%

	3
	C
	5.000
	5.295
	5.9%

	3
	D
	5.000
	4.787
	-4.3%

	3
	E
	5.000
	6.451
	29.0%

	3
	F
	20.000
	19.779
	-1.1%

	4
	A
	5.000
	5.093
	1.9%

	4
	B
	5.000
	4.909
	-1.8%

	4
	C
	5.000
	5.219
	4.4%

	4
	D
	5.000
	4.764
	-4.7%

	4
	E
	5.000
	6.448
	29.0%

	4
	F
	25.000
	24.702
	-1.2%

	5
	A
	5.000
	5.075
	1.5%

	5
	B
	5.000
	4.832
	-3.4%

	5
	C
	5.000
	5.265
	5.3%

	5
	D
	5.000
	4.743
	-5.1%

	5
	E
	2.500
	3.283
	31.3%

	5
	F
	22.500
	22.361
	-0.6%

	6
	A
	5.000
	5.157
	3.1%

	6
	B
	5.000
	4.910
	-1.8%

	6
	C
	5.000
	5.189
	3.8%

	6
	D
	5.000
	4.706
	-5.9%

	6
	E
	1.000
	1.287
	28.7%

	6
	F
	21.000
	21.213
	1.0%

	7
	A
	5.000
	5.069
	1.4%

	7
	B
	5.000
	4.924
	-1.5%

	7
	C
	5.000
	5.313
	6.3%

	7
	D
	5.000
	4.752
	-5.0%

	7
	E
	0.000
	0.000
	0.0%

	7
	F
	20.000
	20.124
	0.6%

	8
	A
	6.000
	6.126
	2.1%

	8
	B
	4.000
	3.943
	-1.4%

	8
	C
	7.000
	7.366
	5.2%

	8
	D
	3.000
	2.854
	-4.9%

	8
	E
	5.000
	6.436
	28.7%

	8
	F
	25.000
	25.218
	0.9%

	9
	A
	10.000
	10.132
	1.3%

	9
	B
	5.000
	4.876
	-2.5%

	9
	C
	5.000
	5.219
	4.4%

	9
	D
	5.000
	4.792
	-4.2%

	9
	E
	5.000
	6.465
	29.3%

	9
	F
	30.000
	29.722
	-0.9%

	10
	A
	5.000
	5.153
	3.1%

	10
	B
	10.000
	9.697
	-3.0%

	10
	C
	5.000
	5.304
	6.1%

	10
	D
	5.000
	4.697
	-6.1%

	10
	E
	5.000
	6.578
	31.6%

	10
	F
	30.000
	30.310
	1.0%

	11
	A
	5.000
	5.188
	3.8%

	11
	B
	5.000
	4.818
	-3.6%

	11
	C
	10.000
	10.433
	4.3%

	11
	D
	5.000
	4.768
	-4.6%

	11
	E
	5.000
	6.536
	30.7%

	11
	F
	30.000
	29.784
	-0.7%

	12
	A
	5.000
	5.067
	1.3%

	12
	B
	5.000
	4.830
	-3.4%

	12
	C
	5.000
	5.279
	5.6%

	12
	D
	10.000
	9.404
	-6.0%

	12
	E
	5.000
	6.437
	28.7%

	12
	F
	30.000
	30.318
	1.1%


Note that:
· The flows for each case are relatively the same except one meter (and that meter isn’t the same in each case) has a change in flow.
· All Apparent flows have an error based on a slope plus bias plus noise (random noise nominally in the range of +/- 1%). I.e., the error is not a constant for each meter.

· One meter (E) has the largest error of all the meters. Nominally, it is reading 30% higher than it should.

The corresponding lost and unaccounted (LAUF) for each flow case are:

	Case
	R
	D
	LAUF

	1
	26.634
	24.745
	7.09%

	2
	24.077
	22.615
	6.07%

	3
	21.426
	19.779
	7.69%

	4
	26.432
	24.702
	6.55%

	5
	23.197
	22.361
	3.60%

	6
	21.248
	21.213
	0.17%

	7
	20.058
	20.124
	-0.33%

	8
	26.726
	25.218
	5.64%

	9
	31.485
	29.722
	5.60%

	10
	31.430
	30.310
	3.56%

	11
	31.744
	29.784
	6.17%

	12
	31.017
	30.318
	2.25%


The case with the smallest LAUF is Case 6 followed by case 7 which is the case where there is very low flow and no low at meter E for the respective cases. This is an indication that meter E has an outsized effect on the overall system flow balance.
To test if a method could be generated to systematically identify which meters are contributing to the LAUF and their approximate magnitude of impact, a solver routine was used to estimate the error adjustments for all the meters (excluding boundary meters) needed to minimize the sum of the square of the difference between receipts and deliveries for the zone. The adjusted LAUF are:
	Case
	RErrAdj
	DErrAdj
	LAUFAjd

	1
	25.094
	24.745
	1.39%

	2
	22.587
	22.615
	-0.12%

	3
	20.004
	19.779
	1.13%

	4
	24.918
	24.702
	0.87%

	5
	22.525
	22.361
	0.73%

	6
	21.116
	21.213
	-0.46%

	7
	20.270
	20.124
	0.72%

	8
	24.791
	25.218
	-1.72%

	9
	29.871
	29.722
	0.50%

	10
	30.073
	30.310
	-0.79%

	11
	29.806
	29.784
	0.07%

	12
	29.984
	30.318
	-1.11%


The estimated error calculated from the solver methods is now compared to the actual average error:

	Meter
	Solved Factor
	Average Actual Error

	A
	1.95%
	2.15%

	B
	-4.15%
	-2.38%

	C
	8.18%
	5.20%

	D
	-9.47%
	-4.97%

	E
	36.75%
	27.33%

	F
	0.00%
	-0.04%


The cells highlighted in yellow are the values that were determined by the error minimization solver routine. When comparing the solved error using the GRG Nonlinear method to the average actual error we note:
· The direction of the error (positive vs. negative) always matched the actual error. This was true for this case but is unlikely to be the case for every situation.
· The solver correctly identified the relative contribution of meter error (e.g., that meter E had the largest error).
· The solver slightly underestimated the error contribution of meter A and overestimated the error contribution of meters B through E.

· This is attributed to the use of a ‘bias only’ solver method when the actual error function used both slope and bias.

Based on initial tests, flow pattern matching methods are likely to be reliable in identifying which meter is contributing to the most to a zone’s lost and unaccounted with a corresponding estimate of the error contribution. This was the original goal for this method. The method would help identify which meters should be field audited with the potential to find actual problems with the measurement that then can be corrected.

The next steps are to evaluate different solver methods for the estimated error (e.g., least square regression) and additional simulated flow cases before evaluating it against subsets of the host site data.

5: Project Schedule
The project is on schedule on a work completed basis despite having some tasks lag behind. Overall, the project is estimated at 35% complete which is ahead of plan of 34% by end of project Q4.

